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Preface 

The second International Meeting on Clinical Pharmacology in Psychiatry 
was held on June 20- 21, 1980 at the northernmost university in the world: 
the University of Troms(l). The 24 hours per day of sunlight allowed for long, 
pleasant and productive sessions. Confining the coverage of this meeting to 
areas of neuroleptic and antidepressant research allowed greater in-depth 
coverage. The rapidity of developments in the field of clinical pharmacology 
in psychiatry is evidenced by the relatively short interval between the first 
and second international meetings. The common objectives of the experi­
mental pharmacologists, the clinical pharmacologists, and the clinicians who 
contributed to the meeting and to this volume are improvements in the 
utilization of neuroleptic and antidepressant drugs and, ultimately, the 
better management of psychiatric patients. 

Rockville, Troms(l) and Odense, 1981 E.U. 
S.O.O. 
L.F.O. 

O.L. 
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Section One 
Recent Developments in Analytical 
Procedures of Psychoactive Drugs 



Evaluation of existing methods for 
quantitation of neuroleptics in relation to 

clinical use 
Niels-Erik Larsen 

(Clinical Pharmacological Laboratory, Department of Clinical Chemistry, 
Glostrup University Hospital, DK-2600 Glostrup, Denmark) 

INTRODUCTION 

When Curry in 1968 published his first gas chromatographic method for the 
determination of chlorpromazine (Curry, 1968) many expected therapeutic 
monitoring of this drug to be just around the corner. Since then 12 years 
have elapsed, characterized by an enormous advance in analytical pos­
sibilities, but without much progress when evaluated from a clinical aspect 
(Cooper, 1978; May and Van Putten, 1978); some possible reasons for this 
will be sought. The present paper is divided into two main parts: first, 
general considerations concerning some practical and pharmacokinetic 
items; second, a review of six different analytical methods, including both 
their advantages and problems, evaluated from a clinical point of view. 

GENERAL CONSIDERATIONS 

Most assays for neuroleptics have been created by chemists lacking a 
background in psychiatry. As I see it, this problem is of particular signifi­
cance, realizing that our efforts are to give patients the best possible medical 
care. This can, in my mind, be fully achieved only if the chemist and the 
psychiatrist work close together in monitoring therapeutic drugs and related 
investigations. 

Clinical pharmacological investigations often start with estimating basic 
pharmacokinetic parameters, such as the elimination half-life, the total 
clearance and the distribution volume of the parent compound. A further 
step is a determination of the dose interval and a determination of the 
plasma concentration profile during constant medication in order to get an 
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idea about the fluctuations of the concentration within the dose interval. 
This will also give information about the proper time to draw the samples. 
Furthermore, this will render it possible to estimate the average concentra­
tion level from one dose interval to the next, what we usually call 'steady 
state'. These pharmacokinetic data should, of course, in each case be related 
to the clinical condition of the patient as evaluated by the psychiatrist. He, in 
turn, should report back to the chemist and tell him if the method fails to give 
information about clinically relevant parameters, such as non-compliance or 
metabolic innovations. The key issue for the chemist is, then, to adapt the 
method in order to fulfil all the requirements made by the psychiatrist. 

This suggested sequence of events is necessary if improved medical 
treatment is to be achieved by monitoring plasma drug concentrations. 
Nevertheless, in my experience, the chemist and the psychiatrist communi­
cate too little in these matters, and there results a situation where the analyst 
does not understand which kind of information the clinician really needs 
from the analytical method, and the psychiatrist often is unable to interpret 
fully the data he receives. The missing dialog may be a major reason for the 
poorly designed - not to say unsophisticated - clinical investigations which 
have been published, many of them with little relevance to the clinical 
situation. For example, only a few papers try to define how the investigators 
interpret and use the term 'steady state'. Thus, the failure to do so adequate­
ly may often cause an investigation to be terminated before a stable plasma 
level has been achieved or it may have resulted in plasma sampling at a 
wrong time in relation to the last dose administered. 

In short, if pharmacokinetic information is not appreciated and under­
stood, plasma concentration data will not be used properly either in clinical 
practice or clinical investigations. 

Before I proceed to a review of the analytical methods, I want to 
demonstrate the plasma concentration profile of a neuroleptic, per­
phenazine, as it appeared in one patient. Some of my conclusions and ideas 
are based on, and will be exemplified with, results from the analytical 
experience with perphenazine. 

This patient started an oral treatment of 12 mg perphenazine three times a 
day given with equidistant intervals and continued in this fashion for 56 
days. No concomitant medication was given. 

All plasma samples were drawn at the end of the dose interval and 
represent minimum concentrations. The fluctuations in plasma concentra­
tions along the time axis are striking and appear in spite of unchanged 
medication. The final concentration level is unpredictable within the first 5 
weeks of treatment. The quantitation of the metabolite, perphenazine 
sulfoxide, renders it unlikely that the fluctuations of the perphenazine 
concentration were due to lack of compliance. The concentration profile 
demonstrated here is not unique and therefore selected for this presenta­
tion. On the contrary, it seems to take 4-6 weeks to reach the final steady 
state level for about a third of the patients undergoing long term oral 
treatment with this drug. 

In the light of this knowledge, I have drawn up some requirements for 
analytical methods which have to be fulfilled if optimal medical treatment is 
to be achieved: 
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CONCENTRATION 
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Figure Plasma concentrations of perphenazine (PPZ) and of perphenazine 
sulfoxide (PPZSO) during a 56 day oral treatment with perphenazine. The drug was 
given three times a day with equidistant intervals. The daily dose was 36 mg. All 
samples were drawn immediately before a medication and represent minimum 
concentrations within the dose intervals. 

(1) Specific measurement of the parent compound and metabolite(s) 
gives information about: (a) establishment of 'steady state', (b) change in 
metabolism, (c) non-compliance, (d) therapeutic level, (e) side effects level. 

(2) Sensitivity down to 0.5 nmoll- 1• 

(3) Precision must give no contribution to the biological variations. 
(4) In vitro transformations should be avoided during the specimen 

sampling. 

(1) Providing other neuroleptics behave similarly to perphenazine (and 
this is likely because of the uniformity in chemical structures), both the 
parent compound and at least one of the metabolites should be determined 
specifically by the assay. The selected metabolite(s) may be active or 
inactive. Monitoring its plasma concentration may reflect a change in 
metabolism of the parent compound. Thus, alterations in the ratio between 
metabolite and parent compound may make it possible to determine 
whether changes in steady levels could be due, for example, to change in the 
metabolism or to non-compliance. 

(2) The sensitivity of the method should be of a magnitude allowing 
quantitation of the parent compound below the minimum concentration 
which is known or assumed to cause antipsychotic effect. For perphenazine 
this means a detection limit around 0.5 nmoll- 1 ; an equivalent value may be 
assumed for other low dose neuroleptics. 

(3) The precision of the method should be such that the variation of the 
determination is moderate in relation to biological variations, giving no 
'noise' at the steady state level. In practice this means a coefficient of 
variance not exceeding 10 percent in the lowest concentration range. 

In general the capacity of the method should satisfy the daily requirement 
for analytical information. What that is depends on many things, but I want 
to stress the risk connected with the possibility of running a large number of 
samples giving much data. No compromise should ever be made between 
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specificity and capacity, and the justification of a method should not be 
carried out using capacity as a key argument. 

(4) The last point concerns the procedure for drawing the blood samples­
usually not given much attention. We have observed in vitrosulfoxidation of 
perphenazine in the presence of erythrocytes when samples were kept in a 
refrigerator overnight. Consequently, we have introduced the rule that the 
whole-blood sample must be centrifuged not later than half an hour after the 
venipuncture. Immediately after centrifugation the plasma shall be pipetted 
off and kept at - 20°C until analyzed. 

REVIEW OF DIFFERENT METHODS 

After these more general aspects, I shall turn to a review of six methodologi­
cal principles which have been applied for the quantitation of neuroleptics 
within the last decade. A description of the methodological characteristics 
will be given - as estimated by practical values in clinical situations. 

Thin layer chromatography (TLC) needs 3-5 ml of specimen for a single 
determination giving specific estimation of parent compound and metabo­
lites (Chan and Gershon, 1973; Fredricson Over0, 1980; Zingales, 1969). 
The sensitivity has been reported to 5 nmoll- I using direct fluoroscense 
scanning of the plate or by scraping off the spots, followed by dansylation or 
colorimetric assay. The precision was reported to be ± 10 percent with a 
capacity below 10 samples per day. The clinical relevance may be doubtful 
because of insufficient sensitivity for low-dose neuroleptics. 

Gas-liquid chromatography (GLC) has been widely used and requires 
1-5 ml of specimen for a single determination to give specific estimations of 
parent compound and metabolites (Cooper et aI., 1979; Curry, 1968; 
Larsen and Nrestoft, 1975). The sensitivity has been reported to be 
0.5 nmoll- I using electron capture detection. The precision was reported to 
be ±7 percent, with a capacity equal to 15-20 samples per day. The method 
fulfills all necessary demands to be classifiable as adequate for the clinical 
situation. 

Mass fragmentography (MF) has been used by only a few groups (Ham­
mer etal., 1968; Hobbs etal., 1974). The necessity for the large amount of 
specimen (5-10 ml) is due to extensive fragmentation giving decreased 
sensitivity for the selected fragments. Specificity and sensitivity 
(0.05 nmoll- I ) are excellent, and the method fulfills all necessary demands 
for the clinical situation. 

High performance liquid chromatography (HPLC) needs 2-3 ml of speci­
men for a single determination to give specific estimation of parent com­
pound and metabolites (Aaes-J0rgensen, 1980). The sensitivity has been 
reported to be 0.5 nmoll- I using ultra-violet absorption. The precision was 
reported to be ±6 percent. The methods fulfills all necessary demands for 
the clinical situation. 

Radioimmuno assays (RIA) have been utilized fc>r the determination of 
many drugs, and several kits are commercially available for specific quanti-
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tation of many substances. Drugs which are only slightly metabolized in the 
body are particularly suitable for these methods. However, one should be 
very cautious in applying RIA assays to neuroleptics since these assays 
(Robinson and Risby, 1977; Wiles and Franklin, 1977), with one possible 
exception (Jf1)rgensen, 1978), measure the sum of levels of parent compound 
plus metabolites. It is conceivable that this method does not give much 
relevant clinical information to the psychiatrist. Therapeutic monitoring of 
plasma concentrations to ensure antipsychotic effects without severe 
neurological side effects is not possible using this method. The only excep­
tion to this among the neuroleptics is flupenthixol (Jf1)rgensen, 1978). In this 
case, the antibody was produced using 7-carboxyflupenthixol as a hapten, 
resulting in no co-determination of metabolites. The method estimates, 
therefore, the parent compound specifically. In spite of this chemical 
specificity, we have to conclude that this method, as other RIA, gives 
insufficient information to claim clinical relevance, since it does not give 
information on metabolic changes or non-compliance. 

The radioreceptor assay (RRA) is a recently developed analytical principle 
which determines specifically the amount of dopamine receptor-active 
substances in a specimen. From a biological point of view, this principle 
seems perfect, but in terms of its relationship to the clinical situation, I doubt 
that it will bring any substantial contribution to the improved monitoring of 
neuroleptics. 

The principle is based on an in vitro competition between active sub­
stances in the sample and an isotope-labelled neuroleptic for the binding 
sites in a suspension of dopamine receptors extracted from brain tissue of an 
animal (Creese and Snyder, 1977; Tune et aI., 1980). However, at least two 
criteria have to be fulfilled before the method can be claimed as an adequate 
alternative: first, the binding affinity must be similar to human receptors; 
second, the blocking in vitro must be equivalent to that in vivo. Furthermore, 
the estimate of total active substances in a serum sample does not necessarily 
give information on the ratio between parent compound and active metabo­
lites. In the case of several active metabolites, this in-vitro estimate in serum 
will probably be a very poor indicator of the total amount of active 
substances at receptors in vivo since the ability of the parent compound and 
the metabolites, respectively, to penetrate from the vascular bed into the 
brain may be quite different. For neuroleptics which are mainly metabolized 
to inactive metabolites, results from the RRA will not give information as to 
whether a small active amount is due to rapid metabolism or to incomplete 
absorption or to non-compliance. Consequently, the clinical relevance of 
this method seems doubtful. 

CONCLUSION 

In conclusion, I will emphasize the necessity for a chromatographic system 
to precede the quantitation to ensure a separate estimate of parent com­
pound and metabolites. The method must be sensitive enough to measure 
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the parent compound at the lowest therapeutic level with a precision that is 
unaffected by analytical 'noise'. Furthermore, I would strongly advise 
selection of analytical methods with a high degree of chemical specificity. 

In my opinion the most suitable assays available for neuroleptics at the 
present time are based on OLC using electron capture detection and MF. 
However, liquid chromatographic methods for the determination of 
neuroleptics may soon be available. This analytical system seems to be 
technologically more robust and, in the years to come, it will eventually 
substitute for the OLC systems. 

Finally I want to repeat the necessity of a careful design of the method, a 
design which takes its application to the clinical situation into account. 
However, this will not contribute to therapeutic advancement with 
neuroleptics unless the psychiatrist and the chemist expand their dialog both 
at the pharmacokinetic and at the clinical levels. 
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Alternative Approaches 
Malcolm Lader 

(Department of Clinical Psychopharmacology, Institute of Psychiatry, 
University of London, London, UK) 

TREATMENT APPROACHES 

Why do we measure plasma concentrations? If we can answer this question 
clearly, the validity and feasibility of attaining that goal by other means can 
be evaluated. The practical value of measuring plasma concentrations is to 
optimize treatment, to attain the best balance in each particular patient 
between wanted clinical therapeutic effects and unwanted adverse and side 
effects (Richens and Warrington, 1979). 

This ability to increase efficacy can be concurrent, that is, the treatment is 
monitored and the dosage changed as necessary, or predictive, when the 
results of a test dose can be used to calculate the appropriate dosage. The 
latter is generally more useful, especially when severely ill patients such as 
the suicidally depressed are involved, as it obviates the need for repeated 
dosage adjustment on a trial-and-error basis. 

There are many reasons why the relationship between clinical response 
and plasma concentrations may be too weak to be clinically applicable -
technical problems in measurement, tolerance, irreversible drug action, 
plasma binding complexities. I shall concentrate on the problem of defining 
and quantifying clinical response and then on other ways of optimizing 
dosage. 

TYPES OF RESPONSE 

Responses can be divided into wanted and unwanted effects and either or 
both may be evaluated for any relationship to plasma drug concentrations. 
Wanted effects include the following: 

(1) The attainment of adequate concentrations for a minimally effective 
period of time, for example chemotherapeutic agents in the treatment 
of microorganismal infections. It is interesting that the first two 
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examples of monitoring of plasma concentrations were the sulfon­
amides (Marshall, 1940) and the antimalarials (Shannon, 1946). The 
response is the death or elimination of foreign microorganisms from 
the body. It is bacterial rather than human responses which are 
involved. Indeed, in vitro models such as plate sensitivities of bacterial 
cultures to antibiotics are usually valid and precise. The relationship 
between control of the infection and plasma concentrations is usually 
close except when the drug cannot diffuse readily to the infected area, 
for example in tuberculous meningitis. 

(2) A commonly required response is suppression of symptoms. A good 
example in psychiatry is the use of the benzodiazepines to treat anxiety 
states symptomatically. The patient is 'titrated' against the dose until 
adequate symptom control is attained without undue sedation being 
induced. The less steep the dose-effect curve, the easier the attain­
ment of the optimal dose. Correlations with plasma concentrations 
should be apparent, but apart from a few exceptions (see, for example, 
Lin and Friedel, 1979) are not extant in the literature. The problem 
may partly reflect the subjective nature of both the complaint and 
variations in the patients' tolerance of the symptom. What is vague 
uneasiness to one patient may be ineffably unbearable anxiety to 
another; one patient may insist that medication furnish beatific calm, 
another on merely having the edge of the symptom blunted. 

Another example is the use of antipsychotic medication to suppress 
symptoms in patients with paranoid schizophrenic states supervening 
in later life: response is often very marked with undoubted relapse 
following withdrawal of medication. Unfortunately, no study to my 
knowledge has addressed itself specifically to examining 
response-concentration relationships in this context. 

(3) Another response system concerns the use of drugs to improve 
function, for example L-Dopa in Parkinsonism, or perhaps the cere­
bral vasodilators or acetylcholine precursors in dementia (Yesavage 
et al., 1979). Within limits, the greater the plasma concentration, the 
more complete should be the response. Drug effects can only be 
demonstrated when they are greater than the threshold sensitivity of 
the measures used to detect clinical response. A 'threshold' plasma 
concentration of drug will therefore be established. 

(4) Many drugs are used to prevent or postpone episodes of illness. The 
problem of quantitating the response focuses around the time-scale. 
Thus, a long time is needed to establish the optimal clinical dosage in a 
patient having one epileptic fit every couple of months. Plasma 
concentrations provide a convenient predictive method for establish­
ing an effective drug level while avoiding side effects. 

Lithium (Li) is also used as a prophylactic, but the therapeutic 
concentrations are still not clearly established. Thus, some patients are 
apparently maintained in stable mood despite their serum Li concent­
rations being less than the generally accepted minimum of 
0.8 mmoll- 1• 

(5) Two major areas of psychotropic drug monitoring are associated with 
complex treatment responses. First, antidepressant drugs are used to 



Alternative Approaches 13 

suppress the symptoms of depressive illness. However, maintenance 
therapy then typically proceeds at half the earlier dosage (Mindham et 
ai., 1973). This, together with clinical observations, suggests that a 
simple 'titration' of patient against dosage is not a sufficient explana­
tion of the clinical type of action. Rather, symptom suppression is 
associated with a partial change in the underlying syndrome, perhaps 
decreased vulnerability to external events. Whatever the mechanism, 
the type of response is sufficiently complex that a close correlation 
with plasma concentrations is somewhat less likely than in the other 
examples outlined above (Risch et aI., 1979). 

Even more complex is the use of antipsychotic medication to 
prevent relapse and to treat acute phases of schizophrenia. In many 
patients, drugs postpone rather than prevent relapse; social factors 
such as environmental events and the attitudes of close relations seem 
crucial (Vaughn and Leff, 1976). On admission of the patient to 
hospital after relapse, drugs are given to him but one overlooks the fact 
that hospital admission alters the social circum~tances (or it should, if 
the old concept of 'asylum' is still valid). Thus, drug responses are set 
against the background of social interactions so complex that useful 
correlations with plasma concentrations may be unattainable (Lader, 
1976). 

(6)Plasma concentration monitoring can lessen the risks of toxicity. 
Anticonvulsants are one good example: Li is another, with the lowest 
therapeutic index of major drugs in psychopharmacology. Even so, 
clinical signs must be regarded as of prime importance: some patients 
show toxic effects despite normal plasma levels. This use of plasma 
concentrations is an old one. Serum bromide estimations were carried 
out routinely on admissions to many mental hospitals. 

(7) Finally, patient rather than clinical responses can be monitored, that is, 
the use of plasma and urinary drug concentrations to check adherence 
to treatment regimens. 

CLINICAL TECHNIQUES 

Too much emphasis qm be placed on laboratory methods for increasing the 
efficacy of a drug treatment, whether the monitoring techniques be plasma 
concentrations or other measures. In practical terms, the best monitoring 
technique is the clinical response of the patient. This can be refined using 
carefully standardized rating scales, the reliability of which are often com­
pared to those of more 'objective' techniques, including plasma concentra­
tion estimations. 

However, it is the prediction of therapeutic and unwanted effects which is 
more important, and here clinical rating techniques cannot be as helpful, 
especially as clinical response is often delayed in conditions such as depres­
sion. Even so, careful evaluation of the clinical features of each patient can 
be very illuminating. For example, daily ratings of depressed in-patients 
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treated with antidepressives confirmed the old clinical observation that 
insomnia is relieved very promptly and weight loss is arrested in patients 
who subsequently show a substantial antidepressant response in terms of 
psychomotor performance and mood. 

BIOLOGICAL MONITORS 

The biological alternatives to plasma level monitoring depend on the 
empirical establishment of a relationship between the putative monitor and 
the clinical response. However, these biological monitors all reflect effector 
systems and are therefore several steps beyond the plasma level estimation. 
Thus, the effector responses must be a product of the drug concentration at 
the receptor and not merely that of the total drug concentration in the 
plasma; it will also reflect receptor density and affinity in that individual and 
one should not assume that the interpatient variation in these factors is 
unimportant. Even so, the assumption is that receptor behavior underlying 
the biological monitor is akin to that underlying the clinical response. As the 
identity, location and properties of the latter receptors are usually unknown, 
the relationship must be established by direct correlative studies. 

MAO activity 

One of the most obvious examples of biological monitors is to assess MAO 
inhibition in body tissues as a correlate of the clinical action of the MAO 
inhibitors. In view of the lack of clear indications for these drugs and their 
hazardous drug and dietary interactions, they are used much less than the 
tricyclic antidepressants (TCA) and studies of MAO activity are few. An 
early measure was the estimation of urinary tryptamine, but this was not 
very useful. Platelet MAO activity has been examined by a few groups of 
workers, in particular by the Vermont group (Robinson etaZ., 1978). They 
showed a significant association between percentage inhibition of platelet 
MAO at 4 weeks and clinical response. However, dosage and time factors 
are complex (Tyrer et al., 1980). Problems even attend the choice of 
substrate for the MAO estimations. In view of the hazards of MAOI 
treatment and the need for high levels of inhibition, further studies with a 
view to the setting up of routine monitoring services are warranted. 

Amine uptake 

With respect to the TCA, biochemical tests have focused on the blockade of 
amine uptake. Both in vivo and in vitro tests are available. Tricyclics block 
the reuptake of amines such as norepinephrine and tyramine and this 
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property can be used to estimate the degree of blockade. The tyramine 
dose/pressor response test typically involves finding the amount of intraven­
ous tyramine required to raise the blood pressure (BP) by 30 mm Hg. 
Tricyclics blocking amine uptake increase the tyramine dose required; 
antidepressants acting by different mechanisms do not (for example mianse­
rin; Coppen et al., 1978). 

In vitro tests for blockade of serotonin (5-HT) uptake have involved 
mainly platelet studies. Both Km values (representing the affinity of the 
uptake carrier) and V max (reflecting its capacity) are altered by some tricyclic 
drugs. Again, relationship to clinical outcome with treatment has not been 
systematically evaluated. As platelet 5-HT transport mechanisms may be 
abnormal in depressed patients, this model might repay close examination. 

Neuroendocrine measures 

Many psychotropic drugs have neuroendocrine effects, some of which have 
been evaluated as monitors of drug action (Checkley, 1980). For example, 
stimulants such as methylphenidate increase hormone levels and these 
elevations relate closely to the induction of euphoria in normal subjects 
(Brown, 1977). In the clinical area, the most widely assessed measure has 
been prolactin. Dopamine-receptor antagonists such as the antipsychotic 
drugs are associated with marked prompt and sustained rises in plasma 
prolactin concentrations (see, for example, Nikitopoulou et al., 1977). 
Nevertheless, evidence has accumulated that prolactin estimations are 
limited in predicting or monitoring clinical response because the prolactin 
system is too sensitive to drug action (Gruen et al., 1978); that is, maximal 
prolactin rises may be attained at drug doses insufficient for clinical re­
sponse. The mechanism underlying the differences in the dose-effect curves 
is unknown. In practical terms, the absence of a prolactin response would 
indicate that a clinical response is unlikely, but the presence of a prolactin 
response has no predictive value. 

Physiological measures 

These can be divided into two groups: central and peripheral. The most 
generally used central measure is the electroencephalogram (EEG), usually 
analyzed mathematically by filters or into Fourier spectra. An empirical 
relationship can then be established between changes in EEG patterns and 
clinical response. The relationship is entirely 'empirical' because the 
physiological basis of the EEG remains too obscure to allow the interpreta­
tion of drug effects in any more basic ways. We have reported modest but 
significant correlations (around 0.5) between EEG measures such as in­
crease in fast-wave activity and clinical ratings in anxious patients treated 
with benzodiazepines (Bond etal., 1974). Unfortunately, the techniques are 
too complex for routine use. 

Autonomic and somatic peripheral measures have been widely evaluated. 
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Thus, pulse rate, blood pressure, sweat-gland activity, pupil size, salivary 
secretion and tremor are all useful indicators of drug action (see, for 
example, Bye et al., 1979). However, they tend to be more use in evaluating 
unwanted effects of drugs rather than their therapeutic effects. 

CONCLUSIONS 

Validity, reliability and convenience are the major factors governing the use 
of monitoring techniques for drugs. Plasma concentration estimations are 
appropriate in instances where the drug effect is difficult to measure. Thus, 
plasma concentrations of antihypertensive agents or of anticoagulants are 
not measured routinely because the clinical effects are much more easily 
quantifiable. With psychotropic drugs, the clinical effects are not so easy to 
measure and, in particular, prediction of response is poor. Resort to 
estimations of plasma drug estimation thus appears logical but alternative 
approaches such as those outlined above should not be neglected. 
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Radioimmunoassay of tricyclic 
antidepressants 

Bernard J. Carroll, Sunil Mukhopadhyay and Michael Feinberg 
(Clinical Studies Unit, Mental Health Research Institute, Department of 

Psychiatry, University of Michigan, Ann Arbor, Michigan 48109, USA) 

INTRODUCTION 

The tricyclic antidepressant drugs (TCA) are widely used in the treatment of 
depression. Since there are marked interindividual differences in the steady 
state concentrations of a TCA in plasma, the monitoring of the plasma 
concentrations as a guide to effective dosage has been developed. There are 
indications that both high and low concentrations of nortriptyline (NT), for 
example, are associated with poor clinical responses (Asberg, 1974; Kragh­
SllIrensen et al., 1976), while the response may increase linearly with the 
plasma concentrations of imipramine and amitriptyline (AMI) (Gram, 
1980). 

A rapid and sensitive method for measuring plasma concentrations of 
TCAs is needed for routine clinical use. Although most academic research 
centers rely on gas-liquid chromatographic (GLC) or high pressure liquid 
chromatographic (HPLC) methods, these techniques may not be practical in 
smaller laboratories with less skilled personnel. The technique of radioim­
munoassay (RIA) has been adapted to the measurement of plasma TCA 
levels and may be more easily applied in routine clinical chemistry 
laboratories. 

With specific funding from the State of Michigan Department of Mental 
Health we have studied the RIA procedure developed by Brunswick et al. 
(1978). This method has performed very satisfactorily in our own laboratory 
and could be used by any general psychiatric hospital laboratory if the 
reagents are made available from a central source in the form of RIA kits. 

METHOD 

The three basic steps in the assay procedure are as follows: first, extraction 
of the drug from plasma; second, separation of the secondary and tertiary 
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amines; third, quantitation by RIA. Plasma samples are extracted into 
isoamyl a1cohol- heptane containing sodium hydroxide. The organic extract 
is reacted with succinic anhydride to derivatize the secondary amines (for 
example desmethylimipramine, DMI). Sodium hydroxide is then added and 
the derivatized secondary amines enter the basic aqueous phase, while the 
tertiary amines (for example imipramine, IMI) remain in the organic phase. 
The tertiary amines are then extracted back into an acid aqueous phase with 
hydrochloric acid. This isolation of the secondary and tertiary amines by 
successive solvent extraction steps permits the separate quanti tat ion of, for 
example, IMI and DMI in the plasma of patients being treated with IMI. The 
same extraction steps are used to separate NT and AMI when AMI is the 
drug being taken by the patient. 

The mean recovery of IMI and DMI through the extraction steps in our 
laboratory is 96 and 97 percent, respectively. 

Antibody 

A single antibody is used for the measurement of all TCA drugs. The 
antibody is raised in rabbits against NT, following its conjugation to protein. 
The antibody cross-reacts with all TCA drugs (table 1), and this fact is used 
to advantage in clinical work since in virtually all cases the drug being taken 
by the patient is known. As shown in table 1, the cross-reactivity of the 
antibody ranges from 40 percent for doxepin to 200 percent for AMI. The 
antibody does not, however, react with the hydroxylated metabolites of IMI. 

Table 1 Cross-reactivity of anti-NT antibody 
with TCA compounds and other drugs 

Drug 

Imipramine 
Desipramine 
Amitriptyline 
Nortriptyline 
Doxepin 

2-0H-IMI 
2-0H-DMI 
10-OH-IMI 
10-0H-DMI 

Diazepam 
Haloperidol 

Thioridazine 
Chlorpromazine 
Perphenazine 
Trifluoperazine 

Cross-reactivity with 
anti-NT (%) 

100 
60 

200 
100 
40 

8 
2 
1 
1 

o 
o 

1 
10 

9 
2 

Data from Dr D. Brunswick. 
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With the exception of the structurally similar phenothiazines (chlor­
promazine, perphenazine) other common psychotropic drugs (ben­
zodiazepines, butyrophenones) do not cross-react with the antibody. 

RIA quantitation 

Aliquots of the aqueous extracts containing secondary or tertiary amines are 
reacted with dilute anti-NT antibody forI h at 37°C, in the presence of 
3H-IMI. Following this equilibration step the bound and free radioactivity 
are separated by the addition of dextran-coated charcoal. The 3H-IMI not 
bound to the antibody is absorbed by the charcoal which is then precipitated 
by centrifugation. An aliquot of the supernatant is then counted by liquid 
scintillation to determine the bound radioactivity. Appropriate standards of 
the drug being measured are processed in the same way as the plasma 
samples. For quality control purposes we also assay prepared plasma pools 
containing known amounts of IMI and DMI at low, medium and high 
concentrations. 

PERFORMANCE 

This RIA method is particularly attractive for its simplicity, its rapidity and 
its capacity. One technician using prepared reagents can process 15-20 
samples in duplicate, together with standards and quality control plasma 
pools, in one working day. 

The reliability and precision of the assay are very acceptable, as deter­
mined by the inter-assay variability of quality control plasma pools (table 2). 
For both IMI and DMI the coefficients of variation calculated from 18 
assays were < 1 0 percent across the entire range of TCA concentrations 
studied (80-300 ng ml- 1). 

Table 2 Inter-assay variability of tricyclic RIA (18 assays) 

Quality control 
plasma pool 

Imipramine 

Desipramine 

Concentration (ng ml- 1) 

80 
150 
300 

80 
150 
300 

Coefficient 
of variation 

(%) 

5.3 
6.1 
7.3 

9.9 
7.5 
6.1 

The validity of the assay has been studied by comparing the results 
obtained in our laboratory with those found for the same samples by a GLC 
method. The GLCassays were performed by Mr Thomas Cooper at 
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Figure 1 Comparison of TCA results obtained by RIA in the authors' laboratory 
and by GLC at Rockland Research Institute in Mr Thomas Cooper's laboratory. 

Rockland Research Institute, New York. Figure 1 shows that the results 
found in the two laboratories were in good agreement (r = 0.95) and that the 
absolute values reported by RIA were equivalent to those found by GLC. 

In 45 patients treated with IMI who had reached steady state conditions 
the ratio of IMI to DMI in plasma was examined. The distribution of 
IMI/DMI ratios is shown in figure 2. A skewed unimodal distribution is 
seen, with a median ratio of 0.90. These results are generally similar to those 
reported by Gram et al. (1977). 

<Xl-ACID GLYCOPROTEIN CONCENTRATIONS 

Following the initial reports of Kragh-S0rensen (1980) and Gram (1980) 
that <Xt-acidic glycoprotein elevations associated with infection could lead to 
very high plasma TCA concentrations, we have begun to examine this 
variable in our own patients. The glycoprotein was determined by radial 
immunodiffusion (Calbiochem). Our preliminary results indicate that a 
statistically significant increase of the glycoprotein concentration occurs in 
patients being treated with IMI (figure 3). The physiologic and phar­
macokinetic importance of this finding is not yet clear. The pretreatment 
glycoprotein concentrations of the same patients were slightly above control 
values obtained in our laboratory. Further studies are in progress with fixed 
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Figure 2 Steady state ratio of IMI to DMI in plasma of 45 patients treated with 
imipramine. Median = 0.90. 
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Figure 3 a-Acid glycoprotein concentrations in plasma of five depressed women 
before treatment (baseline) and at steady state during treatment with IMI. Bars 
indicate mean values + standard deviation. 
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doses of IMI to determine the correlation of glycoprotein concentrations 
with steady state TCA concentrations. 

CONCLUSIONS 

The RIA method described by Brunswick et al. (1978) for measuring plasma 
TCA concentrations has been examined with a view to its use in general 
clinical chemistry laboratories. In our own hands it gives excellent recovery 
and separation of tertiary and secondary amine TCA compounds by solvent 
extraction. The reliability and precision of the assay are very good across a 
wide range of TCA concentrations. The values found by RIA agreed closely 
with those obtained by GLC. The ratios of IMI to DMI observed in 45 
patients were comparable to those reported by others. A preliminary study 
of a-acid glycoprotein concentrations revealed a significant increase of this 
protein in patients during treatment with 1M!. The importance of this 
finding for TCA pharmacokinetics needs to be studied further. 

Overall, the RIA method has many advantages for the quantitation of 
plasma TCA concentrations by small hospital laboratories. 
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Biological assay systems for tricyclic 
antidepressants 

Odd Lingjrerde 
(Department of Clinical Psychiatry, Institute of Community Medicine, 

University of Troms(/!, N-9000 Troms(/!, Norway) 

During long term drug treatment, dosage adjustment can, in principle, be 
based on three different kinds of data: 

(1) Therapeutic effect or side effects. This is still the common method for 
neuroleptics, benzodiazepines and - partly - antidepressants. 

(2) Plasma or tissue concentration of the active drug, and possibly active 
metabolites as well. This is the common method for lithium, and partly 
for antidepressants. 

(3) Assessment of some pharmacodynamic effects. There are two pos­
sibilities: 

(a) Direct assessment of the therapeutic effect (such as lowering of 
blood pressure in hypertension). 

(b) Assessment of some other biological effect of the drug; this effect 
mayor may not be therapeutically relevant. If it is relevant, so much 
the better; if it is not (or probably not), the assay should be 
considered a way to obtain an indirect measure of the plasma (or 
tissue) concentration of the active drug and active metabolites. 

Biological assay systems may, under certain circumstances, offer the 
following advantages in relation to drug level assessment: 

(1) The assay may be more sensitive and reliable. 
(2) Since only the effect of the free, non-protein-bound fraction is 

measured, the problem with individual variations in protein binding is 
avoided. 

(3) The effects of all active metabolites are measured together. However, 
this is an advantage only if the measured effect is therapeutically 
relevant, or at least is correlated with the therapeutic effect for each of 
the active metabolites. It is disturbing to have the assessment influ­
enced by a therapeutically non-relevant effect from otherwise inactive 
metabolites. 

Only empirical data can show whether some of these possible advantages 
are actually present for a given method, for example by demonstrating that 
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the results obtained with such a method correlate better with clinical 
improvement than does the measurement of plasma drug concentration. 

There are three main methods that have been used to measure the 
biological activity of tricyclic antidepressants (TeA) in vivo: (1) the 
'tyramine test'; (2) assessment of the inhibitory effect of the patient's plasma 
on norepinephrine (NE) uptake in a suitable tissue (such as rat iris or brain 
slices); (3) assessment of the inhibitory effect of the patient's plasma on 
serotonin (5-HT) uptake in brain slices or blood platelets. 

The tyramine test is, in principle, an assessment of the i.v. dose of 
tyramine required to give a defined increase in blood pressure (for example 
30 mm in systolic blood pressure). Since TeA with an inhibitory effect on 
the 'NE pump' inhibit the neuronal uptake, and thereby the adrenergic 
effect, of tyramine, higher doses of tyramine will be required to give a 
defined increase in blood pressure in patients treated with such drugs. This 
assay has been shown to correlate well with, for instance, plasma levels of 
nortriptyline (NT) (Freyschuss et al., 1970), but the test is rather cumber­
some, and has not been demonstrated to offer advantages in relation to drug 
level measurement. 

Plasma from patients treated with such drugs as NT or clomipramine has 
an inhibitory effect on the uptake of NE and/or 5-HT in brain slices 
(Hamberger and Tuck, 1973) and on NE uptake in rat iris (Tuck et aI., 
1972). As would be expected, NT has the stronger effect on NE uptake, and 
clomipramine on 5-HT uptake. Results obtained with these methods also 
correlate well with plasma drug level. However, the measurements are 
time-consuming and expensive, and seem to be of more theoretical than 
practical value. 

It is easier and more convenient to measure the inhibition of uptake in 
platelets, but this can be done only for 5-HT, not for NE or dopamine. 

In patients on TeA, 5-HT uptake inhibition in vivo gives reduced platelet 
5-HT, and this reduction can be used as an indirect measure of uptake 
inhibition. However, it is probably not a very reliable measure compared to 
a direct measurement of uptake rate in vitro, and there will be an appreciable 
'time lag' from maximal uptake inhibition to maximal5-HT depletion. 

The measurement of platelet 5-HT uptake rate is most conveniently 
performed with the patient's own platelets, but this has the drawback that 
one has to use fresh blood samples - platelets are not viable for more than a 
few hours after blood samples are drawn. Before presenting some results 
obtained with this method, however, I want to mention the possibility of 
sending platelet-free plasma from the patient to the laboratory, in which 
fresh platelets from an untreated person are incubated in the patient's 
plasma. 

Now I would like to present some of my own results with assessment of 
platelet 5-HT uptake inhibition in patients treated with clomipramine. The 
method is described in detail in a recent paper (Lingjrerde, 1979), in which 
the results from 14 clomipramine-treated and 20 amitriptyline-treated 
patients were presented. The clomipramine-treated group has recently been 
increased to comprise a total of 33 patients, with ages ranging from 24 to 76 
years. As for the method, suffice it to say here that I measure the initial 
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uptake rate at four different concentrations of 14C-5-HT in platelet-rich 
plasma diluted with an equal amount of buffer, using EDTA as anticoagul­
ant. A complete kinetic analysis is performed on each set of data, with 
calculation of the kinetic parameters Krn and Vrnax . In the results to be 
presented here, inhibition of uptake is expressed as increase in the kinetic 
parameter Krn or, in other words, decrease in affinity of the uptake receptor 
for 5-HT (which is the effect of a competitive uptake inhibitor). Although it 
is somewhat time-consuming to measure Krn (and Vrnax) rather than the 
uptake at one single concentration of 5-HT, it offers some important 
advantages: for instance that the increase in Krn is linearly related to 
inhibitor concentration (see Lingjrerde, 1979). 

I have not yet had the opportunity to measure plasma concentration of 
clomipramine and metabolites in my patient group, nor to assess the clinical 
improvement in such a way that it would be meaningful to correlate it to 
uptake inhibition. Therefore, I will discuss here only how the uptake 
inhibition is related to such factors as daily dose, age, duration of treatment 
and concomitant use of other drugs. 

Figure 1 shows the 5-HT uptake inhibition in relation to daily dose in 27 
depressed patients on clomipramine; none of them were treated with other 
drugs interfering with uptake (see below). To the lower left is shown the 
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Figure 1 Inhibition of platelet 5-HT uptake in 27 depressed patients treated with 
clomipramine, expressed as increase in apparent Km, in relation to daily dose. The 
range of Km in a control group of 21 unmedicated depressed patients is shown at daily 
dose '0'. (For details of methods, see Lingjrerde, 1979.) 
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range of Km values in 21 untreated depressed patients. (Since I have found 
no abnormalities of Km in untreated depressed patients of any kind, I find it 
unnecessary to give the exact diagnoses of my patients - most of them were 
suffering from unipolar endogenous depression.) 

The results shown in figure 1 are in good accordance with a linear 
relationship between daily dose and uptake inhibition. Given this linear 
relationship, the inhibition can also be expressed relative to dose, as an 
'inhibition index' which is simply the increase in Km divided by daily dose. 
The ratio between the highest and the lowest inhibition index in this patient 
group is 4.8, which is remarkably small compared to the common ratio of 
about 10 to 1 in steady state plasma level of TeA after a given dose. Thus, 
the individual variation in 5-HT uptake inhibition, measured as increase in 
K m, seems to be less than the individual variation in plasma level of such 
drugs. 

In this patient group there is no significant difference in inhibition index 
between men and women, nor between smokers and non-smokers. Figure 2 
shows that there is a slight trend toward an increased inhibition index with 
age, but it is not significant. Figure 3 shows the inhibition index in relation to 
duration of treatment; included here are some patients investigated after 
varying periods of treatment. It is seen that the 5-HT uptake inhibition, in 
relation to dosage, tends to remain at the same level even after years of 
continuous treatment. 

What about interaction with other drugs? Figure 4 shows the inhibition 
index in various groups of patients according to concomitant treatment with 
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Figure 2 Inhibition of platelet 5-HT uptake in the same patients as shown in figure 
1, in relation to age. Inhibition is expressed as the 'inhibition index', that is the ratio 
between increase in Km and daily dose of clomipramine. 
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Figure 3 Inhibition of platelet 5-HT uptake in patients on clomipramine, expressed 
as the 'inhibition index', in relation to duration of treatment. Some of the patients 
(N=27) have been assayed more than once. 

other drugs. Additional use of benzodiazepines or neuroleptics (or lithium; 
not shown on this figure) does not seem to interfere with the effect of 
clomipramine (these patients, therefore, are included in the material pre­
sented in figures 1,2 and 3). Some patients on diuretics, on the other hand, 
have an unexpectedly high inhibition index; the highest index, which is more 
than twice as high as in any other patient without diuretics, was found in a 
woman of 58 years who was treated with hydrochlorothiazide, propranolol 
and I-Dopa in addition to clomipramine. At present, I cannot say what is the 
mechanism behind the increased effect of clomipramine in patients who are 
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Figure 4 Inhibition of platelet 5-HT uptake in patients on clomipramine, expressed 
as the 'inhibition index', in groups according to concomitant use of other drugs. 
('bz. + neur.' = benzodiazepines and neuroleptics.) 
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treated with diuretics. In addition to the diuretic as such, the underlying 
somatic disease, be it hypertension or heart failure, may have influenced the 
result. However that may be, one should probably take into account that 
such patients may be abnormally sensitive to a drug like clomipramine. 

Taken as a whole, I believe that my results demonstrate that the measure­
ment of platelet 5-HT uptake inhibition may be a useful tool in assessment 
of the effects of some TeA in vivo, although it remains to be seen whether it 
offers special advantages in relation to the measurement of plasma drug 
level. 
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Review on neuroleptic receptors: 
specificity and multiplicity of in yitro 
binding related to pharmacological 

activity 
Josee E. Leysen 

(Department of Biochemical Pharmacology, Janssen Pharmaceutica, 
B-2340 Beerse, Belgium) 

INTRODUCTION 

The in vitro biochemical investigation of the binding of pharmacological 
agents and endogenous substances such as neurotransmitters to specific 
binding sites on membranes was made possible by the availability of highly 
radioactively labeled compounds (> 10 Ci mmol- 1), allowing experimenta­
tion at nanomolar concentrations. 

The empirical finding that labeled membranes were retained by adsorp­
tion on glass fiber filters after a vacuum filtration procedure provided a 
simple and fast technique for separating membrane-bound and free radioac­
tivity from incubation mixtures of the membranes with the labeled ligands 
(Pert and Snyder, 1973). 

Several criteria have been imposed to assess the binding specificity of the 
labeled sites to permit relating them with a pharmacologically defined 
'receptor': (1) saturability of the sites at low concentrations (nanomolar 
order) of the labeled ligand; (2) selective inhibition of the binding by 
pharmacologically active unlabeled substances and, where possible, stereo­
specific inhibition by the pharmacologically active form of a pair of enan­
tiomers (Goldstein et al., 1971); (3) regional distribution of the density of 
the sites in the brain or periphery in accordance with the presumed function 
or distribution of neurotransmitter density; (4) correlation between binding 
affinities of compounds for the sites and pharmacological, physiological or 
clinical potencies. 

In this way, several in vitro binding models for neurotransmitters and drug 
receptors have been described. 

Once a model has been defined, the multiplicity or selectivity of an 
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envisaged receptor can be studied using various experimental approaches. 
Several labeled ligands, both antagonists and agonists, have to be investi­
gated and the binding characteristics in various tissue preparations com­
pared. Multiple sites can be classified according to various criteria: 

(1) Pharmacology; differential binding affinities of pharmacological 
agents. 

(2) Binding kinetics; deviations from normal mass-action interactions on 
a single site; curved Scatchard plots, biphasic dissociation curves, 
irregular inhibition patterns such as shallow or biphasic curves and 
slopes different from unity in Hill plots. 

(3) Localization on different cell types; differential modification by 
various types of cell or neuronal lesions in the animal. 

(4) Different regulation in binding in vitro; different sensitivity to ions or 
cofactors such as nucleotides; different ontogenetic development of 
various binding sites; differential variations after acute or chronic drug 
treatment of animals; differential occurrence in diseased states. 

(5) Different chemical stability or composition of the macromolecules 
which constitute the binding sites. 

In the last 5 years the various aspects of dopaminergic receptors have been 
extensively studied. However, many items remain unclear or controversial 
and the puzzle of the mUltiplicity of dopamine (DA) receptors is far from 
being solved. 

The present review will focus primarily on the major reports concerned 
with the pharmacology of the specific binding sites for neuroleptics (as DA 
antagonists) in comparison with the binding properties of sites labeled by 
DA agonists in various tissues from different animal species. Kinetic binding 
properties will only be mentioned to illustrate the advantages or disadvan­
tages of using certain labeled ligands. For a list of 29 clinically used 
neuroleptics, literature data on binding affinities measured in various 
dopaminergic receptor binding models are summarized in a table, which is 
supplemented with original data from our own research. In addition, a 
receptor-binding profile of these drugs comprising original Ki values meas­
ured in six different neurotransmitter receptor-binding models in vitro is 
reported. 

METHODOLOGY IN IN VITRO RECEPTOR BINDING 

Tissue preparation 

Brain tissue, fresh or frozen, is used primarily. It is homogenized in a 
hypotonic medium for preparation of a total membrane fraction, or in an 
isotonic medium for separation of subcellular fractions. Membranes are 
washed by successive centrifugations and occasionally preincubated to 
remove endogenous ligands. Washed membranes are suspended in an 



In Vitro Binding of Neuroleptic Receptors 37 

incubation buffer of optimum pH (7.2- 7.7) and ionic composition in an 
appropriate dilution usually between 20 and 2 mg original wet weight of 
tissue per milliliter. 

Binding assay 

Membrane suspensions (0.5 - 2 ml) are incubated at an appropriate temper­
ature (between 0 and 37°C) in the presence of low concentrations (nanomo­
lar order) of a 3H-Iabeled ligand, in the absence or presence of unlabeled 
drugs, for a sufficient period of time (10-30 min) to reach binding equilib­
rium. To separate membrane-bound and free radioactivity, the suspensions 
are filtered rapidly through glass fiber filters and rinsed. The radioactivity on 
the filter, counted in a liquid scintillation spectrometer, is a measure of the 
binding of the ligand to membranes: total binding in the absence of 
unlabeled drugs together with residual non-specific binding (blank value) in 
the presence of excess (micromolar order) of an unlabeled competitor for 
the specific receptor sites. 

Relative binding affinities of drugs 

U nlabe1ed drugs are added in various concentrations to incubation mixtures 
with the labeled ligand; active compounds compete with the labeled ligand 
for the receptor site and reduce the labeling of the membranes. After 
subtracting the blank value from all assays, the drug concentration (ICso 
value) inhibiting 50 percent of the specific binding of the labeled ligand is 
assessed by log-pro bit analysis. 

Apparent equilibrium inhibition constants are calculated according to the 
relationship 

K ICso 
i I+C/Ko 

(Cheng and Prusoff, 1973), where C is the concentration and Ko is the 
equilibrium dissociation constant of the labeled ligand - the latter being 
derived from linear transformations of the law of mass action, such as 
Scatchard plots (see Segel, 1975). 

3H-DOPAMINE ANTAGONIST BINDING IN STRIATAL 
TISSUE 

3H_ Haloperidol 

Dopaminergic receptors were first labeled and characterized in in vitro 
binding studies using 3H-haloperidol and calf striatal tissue by Snyder and 
co-workers (Snyder et aI., 1975; Creese et al., 1975; Burt et al., 1976; 
Creese et al., 1976). The binding was measured at 2 nM 3H-haloperidol and 
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stereospecific binding was assessed by adding 0.1 IJ..M (+ )-butaclamol, a 
pharmacologically active en anti orner with neuroleptic activity. The phar­
macologically inactive (- )-enantiomer did not inhibit the binding. The 
highest density of stereospecific 3H -haloperidol sites in calf brain was found 
in caudal and rostral caudate, where the density was about two times higher 
than in the globus pallidus, the anterior putamen and the limbic areas. A 
small number of sites was present in the amygdala and midbrain, whereas in 
other brain areas specific binding was not detectable. 1< values of neurolep­
tics measured by Burt et al. (1976) are shown in table 1. Highly significant 
correlations were observed between the relative binding affinities of com­
pounds (ICso values or 1< values) and potencies in in vivo pharmacological 
tests for assessing antidopaminergic activity (such as antagonism of 
apomorphine- or amphetamine-induced stereotypy in the rat, and antagon­
ism of apomorphine-induced emesis in the dog). Binding affinities also 
correlated significantly with average clinical dosages of drugs. Such signific­
ant correlations were not found between potencies of drugs for inhibiting 
DA-sensitive adenylate cyclase and the pharmacological or clinical poten­
cies. DA-sensitive adenyl ate cyclase occurring in dopaminergic brain areas 
was previously proposed as a potential model of a dopaminergic receptor 
(Kebabian et aI., 1972). In calf striatal membranes, stereospecific 3H_ 
haloperidol binding represented about 30 percent of the total binding; it was 
saturable at nanomolar concentrations and straight Scatchard plots indi­
cated involvement of a single high affinity binding site with an equilibrium 
dissociation constant K D = 3.3 nM at 37°C and a receptor density of 17 pmol 
per gram wet weight tissue. Rates of association and dissociation at 37°C 
were very fast (kl =0.3 nM- 1 min-I, k_1 = 1 min-I). It was observed that 
inhibition curves of neuroleptics were steeper (slope in Hill plots about 
unity) than those of DA agonists (slope of Hill plots less than unity) (Burt et 
aI., 1976; Titeler et al., 1978). Hence the interaction between antagonists 
and agonists appeared to be irregular, and not to follow single-site mass­
action kinetics. 

In addition to studies in calf brain, 3H-haloperidol binding was investi­
gated in rat (Seeman etal., 1975; Leysen and Laduron, 1977a; Leysen etal., 
1977) and human brain (Seeman et al., 1976). Similar stereospecific inhibi­
tion of 3H -haloperidol (2 nM) binding by ( + )-butaclamol (1 tJ.M) was found; 
the sites were similarly distributed in human (Seeman et al., 1976) and rat 
(Leysen and Laduron, 1977 a) and calf brain (vide supra) with the highest 
enrichment in the caudate or striatum, followed by the limbic areas. In rats, 
stereospecific 3H-haloperidol binding was also detected in the hypophysis 
(Brown et al., 1976; Leysen and Laduron, 1977 a). In rat striatum, binding 
affinities of drugs for the stereospecific haloperidol-labeled sites were of the 
same order of magnitude as in the calf striatum (see table 1) and correlated 
significantly with average clinical doses of neuroleptics (Seeman et al., 1975) 
and with drug potencies to antagonize apomorphine-induced emesis in the 
dog (Leysen et al., 1977). In rat striatum, the subcellular distribution of 
stereospecific 3H-haloperidol binding sites, enriched in the microsomal 
fraction, was different from that of DA -sensitive adenylate cyclase, enriched 
in the mitochondrial fraction (Leysen and Laduron, 1977 a). This indicated 
that both presumed DA receptor models are different macromolecular 
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entities occurring in different cell fractions. Moreover, there was no correla­
tion between inhibition constants of drugs in both tests such as shown in 
figure 1. It was demonstrated that stereospecific 3H-haloperidol binding 
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Figure 1 Affinities of drugs: a-flupenthixol (a-FLU), (+ )-butaclamol « + )-BUT), 
chlorpromazine (CPZ), pipamperone (PIPAM), haloperidol (HAL), spiperone 
(SPIP), penfluridol (PEN), pimozide (PIMO), domperidone (DOM), halopemide 
(HAM) and sulpiride (SULP) for binding to stereospecific sites labeled by 
haloperidol (Leysen et al., 1977) and for inhibiting dopamine-sensitive adenylate 
cyclase (Leysen and Laduron, 1977 a) in rat striatal tissue in vitro. 

sites were completely distinct from opiate receptors, stereospecifically 
labeled with 3H-fentanyl or 3H-naloxone, in rat striatum. The regional 
distribution in the brain was different (Leysen and Laduron, 1977 a) and 
compounds were recognized in the in vitro receptor binding models respec­
tively, strictly according to their pharmacological properties (Leysen et al., 
1977). Table 2 shows examples of three structurally very similar ben­
zimidazolone derivatives which are differentially recognized by the 
neuroleptic and opiate binding sites in striatal membranes. The diphenyl­
butyl derivative, that is the neuroleptic pimozide, binds with high affinity 
only to the 3H-haloperidol-Iabeled sites, whereas the diphenylpropyl de­
rivatives, which are potent morphinomimetics lacking neuroleptic activity in 
vivo, bind to the opiate receptor only. 

3H_ Dihydroergocryptine 

The ergot alkaloid 3H-dihydroergocryptine was also used to label stereo­
specific binding sites in calf caudate. When excess phentolamine was added 
in all assays to prevent binding of the labeled ligand to a-adrenergic 
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receptors, the remaining sites could be stereospecifically inhibited by ( + )­
butaclamol. These sites showed similar binding properties as the 3H_ 
haloperidol-labeled sites in calf caudate (Titeler et aI., 1977). 

3H-Spiperone 

In 1977 3H-spiperone (also called 3H-spiroperidol) was introduced to label 
brain dopaminergic receptors (Laduron and Leysen, 1977; Fields et aI., 
1977; Creese et al., 1977) and because of its advantageous in vitro binding 
properties (Leysen et al., 1978a) and usefulness for studying in vivo receptor 
binding (Laduron and Leysen, 1977; Laduron et al., 1978), it was proposed 
as the ligand of choice for neuroleptic receptors. 

As is the case for 3H-haloperidol, 3H-spiperone binding was inhibited 
stereospecifically by ( + )-butaclamol. In human (Fields et aI., 1977) and rat 
brain (Fields et aI., 1977; Laduron et al., 1978), the density of stereospecific 
3H-spiperone binding sites was highest in the striatum, followed by the 
limbic areas (as observed for the 3H-haloperidol binding distribution). 
However, the high density in the frontal cortex and other cortical areas was 
different, as was the detection of significant amounts of binding in several 
subcortical brain areas. 

In rat striatum, the pharmacological specificity of stereospecific 3H_ 
spiperone and 3H-haloperidol binding sites appeared to be identical. Bind­
ing affinities of DA antagonists and agonists were of similar order of 
magnitude in both tests and correlated highly significantly (Leysen et aI., 
1978a). A highly significant correlation was also found between the relative 
binding affinities of neuroleptics for the striatal stereospecific 3H-spiperone 
sites and the potencies of the drugs to antagonize apomorphine-induced 
stereotypy in rats (figure 2). In contrast, no significant correlation existed 
between the binding affinities and drug potencies to antagonize tryptamine­
induced clonic seizures in rats (the latter being a measurement for an­
tiserotonergic activity (Leysen et al., 1978c». 

As shown in table 1, inhibition constants (K; values) of drugs for 3H_ 
spiperone binding in human, rat and calf caudate are nearly identical for 
neuroleptics, although some compounds appeared somewhat less potent 
with calf tissue. Catechol-like DA agonists are about four times better 
inhibitors in the rat striatal tissue than in the calf or human striatal tissue 
(Creese et al., 1979b). The superiority of spiperone as a ligand for labeling 
dopaminergic receptors is attributed to the more favorable ratio between 
stereospecific versus non-specific binding, its higher binding affinity and its 
slower dissociation rate (Leysen et ai., 1978a; Howlett and Nahorski, 1978). 
Although analysis of binding equilibrium in Scatchard plots indicated a 
single high affinity binding component (Fields et ai., 1977; Leysen et ai., 
1978a), first-order plots of dissociation rates were biphasic. This was 
subsequently found to be due to cooperative binding effects (Leysen and 
Gommeren, 1978). As observed with 3H-haloperidol binding, inhibition 
curves of 3H-spiperone binding in striatum were steep for DA antagonists 
but shallow or even multi-phasic for catechol-like DA agonists (Fields et ai., 
1977; Creese et ai., 1979b). 
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Figure 2 Correlation between relative binding affinity of drugs for sites labeled by 
3H-spiperone in rat striatal tissue in vitro (Leysen et al., 1978a) and potencies of 
drugs to antagonize apomorphine-induced stereotypy in rats (Niemegeers and 
Janssen, 1979). Benperidol (BENP), fluspiperone (FLUS), spiperone (SPIP), 
droperidol (DROP), trifluperidol (TRIFLU), haloperidol (HAL), pimozide 
(PIMO), oxiperomide (OXIP), fluphenazine (FLUPH), methithepine (METIT), 
propericiazine (PROPE), (+ )-butaclamol « + )-BUT), flupenthixol (FPTX), 
clopimozide (CLOP), clothiapine (CLOT), chlorpromazine (CPZ), chlorprothixene 
(CPTX), metoclopramide (METOC), azaperone (AZA), thioridazine (TIOR), 
pipamperone (PIP AM), clozapine (CLOZ), sulpiride (SULP). 

3H-Domperidone 

Domperidone is a potent antiemetic, lacking central antidopaminergic 
activity in vivo, since it does not readily cross the blood-brain barrier. In 
vitro, stereospecific 3H-domperidone binding showed similar regional dis­
tribution (Laduron and Leysen, 1979) to that of 3H-haloperidol binding, 
and in striatum a similar pharmacological specificity was found (Martres et 
al., 1978; Baudry etal., 1979). 

3H-Flupenthixol 

Stereospecific 3H-cis-(Z)-flupenthixol binding, defined by inhibition of 
binding with cold ( + )-butaclamol, was found in rat brain in decreasing order 
of density in the following tissues: striatum, olfactory tubercles, frontal 
cortex and thalamus. Binding affinities of drugs for rat striatal 3H_ 
flupenthixol-Iabeled sites correlated with the potencies of the drugs for 
inhibiting DA-sensitive adenylate cyclase, but not with drug binding af-
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finities for 3H-haloperidol-Iabeled sites. Moreover, flupenthixol labeled 
about three times as many sites as haloperidol. The pharmacological signifi­
cance of the 3H-flupenthixol sites is not clear (Hyttel, 1978, 1980). 

3H -Clozapine 

In rat brain 3H-clozapine apparently binds to muscarinic cholinergic recep­
tors, which can be inhibited by hyoscyamine. The binding component which 
could be inhibited by (+ )-butaclamol seemed not to be related to a 
dopaminergic receptor (Hauser and Closse, 1978). 

3H-Sulpiride 

Using a centrifugation technique and cold sulpiride to define specific 
binding, a moderately high affinity binding, Ko=27 nM of 3H-sulpiride, 
could be detected in rat striatum. A small stereospecific difference was 
found between inhibitory potencies of ( +) and ( - )-sulpiride and ( + ) and 
( - )-butaclamol. Cis- and trans-flupenthixol could not inhibit the binding 
and various compounds showed a different maximal inhibition of the total 
binding. The pharmacological significance of the binding has not yet been 
assessed (Theodorou et al., 1979). 

Conclusion 

In striatal membranes from calf, rat or human, stereospecific binding sites 
can be labeled at nanomolar concentrations of 3H -haloperidol, 3H_ 
spiperone, 3H-dihydroergocryptine+excess phentolamine and 3H_ 
domperidone. Using all these ligands and animal species, the binding sites 
show similar pharmacological properties and appear to be related to 
dopaminergic receptors. The biochemically assessed binding affinities of 
DA antagonists for these sites are significantly correlated with several in 
vivo pharmacological antidopaminergic potencies and with clinical dosages. 
Exceptions can be encountered mostly because of pharmacokinetic or 
metabolic effects in vivo. Compounds belonging to pharmacological classes 
other than DA agonists or antagonists do not display high affinity binding 
for these sites. The in vitro labeled dopaminergic binding sites are clearly 
distinct from the enzyme: DA-sensitive adenylate cyclase. The phar­
macological significance of the latter is not yet clear. Since the enzyme was 
detected first it is called the DA\ receptor and the dopaminergic binding 
sites are called DA2 receptors (Kebabian and CaIne, 1979). 3H-Spiperone 
displayed the most favorable in vitro binding kinetic properties to label the 
DA2 receptors. 3H-Flupenthixol, 3H-clozapine and 3H-sulpiride do not 
apparently label the DA2 receptors, but do label sites for which a phar­
macological function has not yet been ascribed. 
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3D-DOPAMINE AGONIST BINDING IN STRIATAL TISSUE 

3D-Dopamine 

The early studies of 3H-DA binding in calf striatum (Burt et al., 1975, 1976; 
Creese et al., 1975) and in rat striatum (Seeman et al., 1975) were per­
formed and reported in parallel with the 3H-haloperidol binding studies. 
Specific 3H-DA binding was assessed at a concentration of 5 nM with 
10 .... M ( + )-butaclamol or 1 .... M D A as blank. The regional distribution in calf 
brain was completely similar to that of 3H -haloperidol and matched the 
regional variations in density of dopaminergic nerve endings. Similar num­
bers of sites were detected with both ligands (Burt etal., 1976). However, in 
calf striatum relative binding affinities of DA antagonists for the 3H-DA 
labeled sites differed considerably and were much lower (K; values of 
micromolar order) than those for the 3H -haloperidol labeled sites (K; values 
of nanomolar order) (table 1). No significant correlation between drug Ki 
values measured in both assays was found (Creese et al., 1975; Burt et al., 
1976). K; values for the 3H-dopamine-Iabeled sites did not correlate with 
any in vivo pharmacological antidopaminergic potency or average clinical 
dosages of the drugs (Creese et al., 1975). In contrast to the DA antagonists, 
catechol-like DA agonists showed higher binding affinity (lower K; values) 
for the 3H-DA than for the 3H-haloperidol sites (Burt et al., 1976). 

Inhibition of 3H-DA with agonists yielded regular and steep curves while 
curves of antagonists were shallow. Scatchard analysis of binding equilib­
rium indicated a single high affinity binding component with Ko= 17 nM at 
37°C and a maximal binding site density of 31 pmol per gram of tissue, 
which is about twice the maximal density of the 3H-haloperidol sites. 
Association and dissociation rates of 3H-DA binding at 37°C were extreme­
ly fast (Burt et al., 1976). 

In rat striatum, binding affinities of DA agonists for 3H-DA sites were 
lower than in the calf striatum and binding affinities of antagonists were 
higher (Burt etal., 1975; Seeman etal., 1975). It seemed that in rat striatum 
the 3H-DA sites were more similar to the 3H-haloperidol sites than in calf 
striatum. However, Titeler et al. (1979) recently reported to have measured 
high affinity 3H-DA binding in rat striatum showing similar binding proper­
ties as the 3H-DA binding in calf caudate. In that study, specific 3H-DA 
binding was defined by adding a large excess of cold DA (500-10 000 nM). 
In both calf caudate and rat striatum Scatchard plots were straight and 
revealed Ko values of about 2.5 nM. Titeler et al. designated these high 
affinity DA binding sites which showed low affinity for DA antagonists as 
DA3 receptors. The pharmacological or physiological significance of these 
sites has not yet been elucidated. 

3D-Apomorphine binding 

3H-Apomorphine was introduced as a better agonistic ligand to label DA 
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receptors (Seeman et al., 1976). In calf striatum the binding was stereospeci­
fically inhibited by (+ }-butaclamol. In human brain stereospecific 3H_ 
apomorphine binding was enriched in dopaminergic brain areas (vide 
supra). In a small series of compounds, similar relative binding affinities 
were found for 3H-apomorphine and 3H-DA sites in calf striatum, which 
were hence not correlated with binding affinities for 3H-haloperidol-labeled 
sites (Seeman etal., 1976; Thai etal., 1978). 

Linear Scatchard plots indicated a single high affinity binding site with a 
Ko value of 3.5 nM. However, inhibition curves of antagonists for 3H_ 
apomorphine binding were biphasic, which was interpreted as indicating 
mUltiple binding sites (Titeler et al., 1978). 

Creese et al. (1978, 1979b) reported species differences in 3H_ 
apomorphine binding; drug binding affinities for 3H-apomorphine sites in 
rat striatum were unlike those in calf striatum, and were similar to binding 
affinities for 3H -butyrophenone sites. 

In optimal assay conditions, where stereospecific 3H-apomorphine bind­
ing in rat striatum was reproducibly measured (Leysen, 1980a) (vide infra), 
we were able to substantiate further the observations of Creese. In rat 
striatum high affinity 3H-apomorphine binding was inhibited stereospecifi­
cally by ( + }-butaclamol, and this binding showed a Ko value of 1.7 nM at 
25°C and a maximal number of binding sites of 13.3 pmol per gram wet 
weight tissue. In our studies, the maximal number of stereospecific 3H_ 
apomorphine sites in rat striatum was two to three times lower than the 
maximal number of both 3H-haloperidol and 3H-spiperone sites (30.4 pmol 
per gram wet weight tissue) (Leysen, 1979a). Both DA agonists and 
antagonists bound with high affinity to these sites and IC50 values for 
3H-apomorphine binding correlated significantly with IC50 values for 3H_ 
haloperidol or 3H-spiperone binding (Leysen, 1979a, 1980a). ~ values are 
shown in table 1. However inhibition of 3H-apomorphine binding by 
antagonists still revealed shallow curves whereas curves of agonists were 
steep (Creese et al., 1979b; Leysen, 1979a, 1980b). 

3H-2-Amino-6, 7 -dihydroxy-l,2,3,4-tetrahydroxynaphthalene 
(ADTN) 

The conformationally restricted DA analog, 3H-ADTN (Roberts et al., 
1977) appeared to label sites similar to 3H-apomorphine and 3H-DA in calf 
striatum (Seeman et al., 1979), that is sites different trom those of the 
3H -butyrophenones. 

In experiments by Creese et al. (1978) using rat striatum, 3H-ADTN­
labeled sites were similar to the 3H-apomorphine sites, and were thus more 
comparable to the 3H-butyrophenone sites. 

3H-N-II-Propylnorapomorphine (NPA) 

3H-N-n-Propylnorapomorphine labeled stereospecific sites, defined with 
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( + )-butaclamol, in calf striatum which had similar binding properties as the 
3H-butyrophenone sites (Creese et al., 1979a). Hence these sites should also 
resemble the sites which were labeled with 3H -butyrophenones in rat and 
human striatum and with 3H-apomorphine in rat striatum in our studies 
(Leysen, 1979 a, 1980 a, b). It appeared that specific 3H -NP A binding was 
easier to detect and less problematic than the binding of previously used 
3H-agonists (Creese et al., 1979a). Titeler and Seeman (1979) claimed that 
3H-NPA labeled both high affinity agonist and high affinity antagonist sites 
in calf striatum. This would become apparent by selectively blocking one of 
the sites with 100 nM DA or 50 nM spiperone respectively. 

3H -Lisuride 

The ergot derivative, lisuride, which behaves as a DA agonist, was shown to 
label with high affinity, stereospecific sites in rat striatum, which displayed 
similar binding properties as the sites labeled by 3H-spiperone, 3H_ 
haloperidol or 3H-dihydroergocryptine. However, unlike 3H_ 
dihydroergocryptine, at nanomolar concentrations 3H-lisuride seemed not 
to interact with a-receptors, but might possibly label a small amount of 
5-HT receptors (Fujita et al., 1979). 

Considerations of anomalies between 3H -antagonist and 3H -agonist 
binding 

In recent reports (Leysen 1979a, 1980a, b), we have discussed thoroughly 
anomalies which might influence in vitro receptor binding, especially with 
regard to chemically unstable catechol derivatives. Assay conditions and the 
composition of the medium are very critical for a clear detection of specific 
binding. As such, it was observed that addition of metal chelating agents 
could reduce the large non-specific binding of catechols, presumably by 
preventing complexing of the catechol moiety with membrane-bound trans­
ition metals. Without this precaution, it was difficult to distinguish stereo­
specific binding. Catechol-like compounds, as well as all metal chelating 
agents, competed with high affinity for the non-specific complexing of the 
3H-ligand. This rendered accurate blank assessment very crucial. Moreover, 
it is advisable to use sufficiently large volumes and sufficient amounts of 
tissue, first to prevent an excessive loss of free drug (unlabeled or labeled) 
through adsorption to laboratory ware and, second, to harvest enough 
counts of membrane-bound radioactivity. It appeared that in most agonist 
receptor binding studies these criteria were not adequately considered. 
Furthermore, it has been noted that in the studies where 3H -agonist binding 
differed appreciately from 3H-antagonist binding, such as with calf and 
human tissue and with rat tissue (Titeler et al., 1979), frozen tissue was 
always used. In contrast, fresh rat brain tissue was used in the other studies 
and this resulted in a more similar drug specificity between 3H-agonist and 
3H-antagonist labeled sites. It has recently been reported that 3H-agonist 
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binding is much more rapidly abolished by noxious tissue pretreatment than 
3H-antagonist binding (Lew and Goldstein, 1979). These observations do 
not necessarily indicate that agonists and antagonists bind to completely 
different receptors. It might well be that both bind to a somewhat different 
region of the receptor complex (see general discussion). It is not uncommon 
that such different parts of the receptor complex have different physical 
stabilities. Methodological problems as described above are possible causes 
for the discrepancies in the experimental findings in the various tissues and 
between various investigators. 

In trying to find an explanation for the apparently irregular inhibition 
patterns for interactions between agonist and antagonists we have pointed 
out the importance of physicochemical surface phenomena in receptor 
binding studies (Leysen, 1980b) such as discussed by Blank for pharmacolo­
gy (Blank, 1979). Surface phenomena occur when there are interactions 
between membrane micelles and lipophilic compounds, such as DA an­
tagonists, which have highly surfactant properties and form concentrated 
monolayers around the micelles, in contrast to the catechol-like agonists, 
which are usually more water soluble. Surface phenomena are not taken into 
account in the law of mass action and they might cause apparently irregular 
binding patterns. Therefore the shallow curves for inhibition of agonist 
binding by antagonists or vice versa are not necessarily an indication for the 
involvement of distinct multiple sites. 

Conclusion 

Regional distribution in the brain of stereospecific binding sites for both 
3H-DA agonist and 3H-DA antagonist is in accordance with the density of 
dopaminergic nerve terminals and is similar in calf, rat and human. 

The binding sites labeled in calf and human striatum by 3H-DA, 3H_ 
apomorphine and 3H-ADTN are apparently different from the DA2 recep­
tors labeled by DA antagonists. Furthermore, there is no apparent relation­
ship between these agonist sites and the DA) receptor, DA-sensitive 
adenylate cyclase. The pharmacological or physiological significance of 
these sites is not clear. It has been discussed that methodological and 
physicochemical problems might account in part for the anomalies between 
agonist and antagonist binding. However, the more potent or less unstable 
DA agonists, 3H-NPA and 3H-lisuride, labeled stereospecific sites which 
were similar to the sites labeled with 3H-DA antagonists in various species. 
Such sites could also be detected with the other catechol agonists in freshly 
prepared rat striatal tissue. Thus, the pharmacological properties of these 
sites resembled more those of DA2 receptors. 

The observation that binding of catechol DA agonists is reduced by high 
concentrations of guanyl nucleotides, whereas the binding of ergot-like 
agonists and of antagonists is not influenced, has not been reviewed here. 
This topic has been investigated by Creese and co-workers (see references in 
Creese and Sibley, 1979). 
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DOPAMINERGIC RECEPTORS IN THE PITUITARY 

In regional distribution studies, it was shown that 3H-haloperidol (Brown et 
al., 1976; Leysen and Laduron, 1977a) and 3H-DA (Brown et al., 1976; 
Cronin et al., 1978) labeled stereospecific binding sites in rat pituitary. 

In bovine anterior pituitary both 3H-spiperone and 3H-NPA labeled, at 
nanomolar concentrations, stereospecific sites which showed identical drug 
binding affinities as the DA2 sites labeled by 3H-spiperone in the striatum 
(Creese etal., 1977; Creese and Sibley, 1979). However, 3H-NPA labeled 
only about half the number of sites which were labeled by 3H-spiperone in 
the pituitary. Sites with binding properties of DA2 receptors were also 
labeled by 3H -dihydroergocryptine in lamb anterior pituitary (Cronin et al., 
1978). These authors claimed that similar sites were detectable in the sheep 
stalk median eminence, although Brown et al. (1976) could not detect them 
in rat hypothalamus. Denef demonstrated that potencies of DA antagonists 
for disinhibiting apomorphine-suppressed prolactin release from cultured 
pituitary cells, correlated significantly with the relative binding affinities of 
the drugs for 3H-haloperidol sites in rat striatum (Denef and Follebouckt, 
1978). Hence in various species DA2 receptors could be detected in the 
pituitary using various 3H-ligands. The drug binding affinities of the DA 
receptors correlated with the potencies of drugs in activating prolactin 
release. 

DOPAMINERGIC RECEPTORS IN THE LIMBIC AREAS 

In the limbic areas from various species (calf, rat, human) stereospecific 
binding sites were labeled with 3H-haloperidol, 3H-spiperone, 3H-DA and 
3H-apomorphine and the binding site density was about the density in the 
striatum (Burt et al., 1976; Seeman et aI., 1976; Leysen and Laduron, 
1977a; Laduron etal., 1978). Burt etal. (1976) showed that Ki values ofDA 
antagonists and agonists for 3H-haloperidol binding in calf striatum, olfac­
tory tubercle and nucleus accumbens were identical, which indicated the 
occurrence of similar DA2 receptors in calf mesolimbic and striatal areas. 

In rat tuberculum olfactorium+nucleus accumbens, 3H-spiperone, used 
at nanomolar concentrations, labeled both dopaminergic and serotonergic 
sites to an equal extent. Binding to both sites was stereospecifically inhibited 
by (+ )-butaclamol. As shown in figure 3, the labeling of the serotonergic 
sites could be prevented by adding 100 nM R 43448, a compound with 
potent antiserotonergic and antihistaminic properties but lacking an­
tidopaminergic activity. Figure 3 also shows that, using 3H-haloperidol, the 
major part of the stereospecific sites are dopaminergic (Leysen et al., 
1979a). 

In rats, the dopaminergic binding sites labeled in the limbic brain areas 
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Figure 3 Inhibition curves of R 43448 (6 - - 6) and inhibition curves of 2-(N, 
N-dipropyl)amino-5, 6-dihydroxytetralin in the absence (0-0) and in the pres­
ence ( __ ) of 10-7 M R 43448 for stereospecific 3H-spiperone (2 nM) and 
3H-haloperidol (2 nM) binding to a total membrane fraction of rat nucleus 
accumbens+tuberculum olfactorium (values are means of four independent deter­
minations in duplicate). 

with 3H-haloperidol and 3H-spiperone also displayed the same binding 
properties as the DA2 receptors in the striatum: similar ~ values of drugs as 
shown by the correlation in figure 4; equal KD values of the labeled ligands; 
regular inhibition curves with dopamine antagonists but irregular curves 
with agonists (Leysen, 1979b). 

It can be concluded that, as yet, no differentiation exists between drug 
binding properties of dopaminergic sites in striatal and limbic brain areas. 

DOPAMINERGIC RECEPTORS IN OTHER BRAIN AREAS 
AND THE RETINA 

Small amounts of dopaminergic receptors labeled by 3H -spiperone were 
detected in rat substantia nigra (Quick et ai., 1979; Reisne et ai., 1979) and 
in rat anterior cerebral cortex (Marchais et ai., 1980). 

Recently, stereospecific 3H-spiperone binding sites were detected in the 
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Figure 4 Correlation between relative binding affinities (IC5o values) of drugs for 
stereospecific sites labeled by 3H-spiperone (2 nM) in the striatum and by 3H_ 
spiperone (2 nM) in the presence of 10-7 M R 43448 in rat nucleus 
accumbens+tuberculum olfactorium. Abbreviations are as in legend to figure 2 and 
apomorphine (APO), 2-(N, N-dipropyl)amino-5, 6-dihydroxytetralin (TETRAL), 
dopamine (DA), bufotenin (BUFO). 

bovine retina. The sites showed the same binding properties as brain DA2 
receptors (Magistretti and Schorderet, 1980). 

INTERACTION OF PUTATIVE ENDOGENOUS PEPTIDES 
WITH DOPAMINERGIC RECEPTORS 

In brain extracts, endogenous macromolecular materials were detected 
which could inhibit receptor binding of labeled DA agonists and antagonists 
(Leysen et aI., 1978b; Lahti etal., 1978; Leysen etal., 1979b). This material, 
however, did not show specificity towards dopaminergic receptors but 
interfered with several neurotransmitter receptors (Leysen et al., 1978b). 

Opioid peptides appear not to bind to dopaminergic receptors (Leysen et 
al., 1978b; Van Ree etal., 1978; Czkmkowski etal., 1978; Meltzer and So, 
1979), hence their effect on prolactin secretion in the pituitary was inter­
preted as an indirect effect (Meltzer and So, 1979). 

Destyrosine-oy-endorphin, which has been described as a peptide with 
antipsychotic activity, does not bind to dopaminergic receptors at concen­
trations below 10 j..LM (Van Ree etal., 1978; Leysen etal., 1978b). 
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3H-SPIPERONE BINDING TO SEROTONERGIC 
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In the early studies using 3H -spiperone (Fields et a/., 1977; Laduron and 
Leysen, 1977; Laduron et al., 1978) it was observed that this ligand, unlike 
3H-haloperidol, labeled a substantial amount of stereospecific binding sites 
in rat cortical brain areas. The stereospecific 3H-spiperone binding sites in 
rat frontal cortex were found to be of serotonergic nature (Leysen et al., 
1978c). 5-HT agonists had higher binding affinities than DA agonists for 
these sites and 5-HT antagonists had very high binding affinities. Relative 
binding affinities of drugs correlated significantly with relative binding 
affinities for sites labeled by 3H-LSD. A significant correlation was also 
found between binding affinities in the frontal cortex and drug potencies to 
antagonize tryptamine-induced clonic seizures in vivo, but not at all with in 
vivo antidopaminergic drug potencies (Leysen et al., 1978c). Presently, no 
relationship is apparent between occupation of serotonergic receptors and 
the antischizophrenic properties of the drugs. Clinically it is observed that a 
compound such as pipamperone, which shows higher binding affinity for 
serotonergic than for dopaminergic receptors, is only weakly active in 
hallucinations or delusions, but it is known for its anti-agitation effects and is 
particularly useful for regulation of disturbed sleep-wake rhythms in 
psychiatric patients (Asoms et al., 1977). The serotonergic sites labeled with 
3H-spiperone in the frontal cortex were completely distinct from the 
dopaminergic sites in the striatum in regard to both pharmacological and 
binding kinetic properties (Leysen and Gommeren, 1978). Similar 
serotonergic sites were detected with 3H-spiperone in the limbic brain areas 
(Leysen etal., 1979a, b) and in the hippocampus (Creese and Snyder, 1978). 
Recently Peroutka showed that the serotonergic spiperone binding sites 
which have high binding affinities for 5-HT antagonists, are different from 
sites labeled by 3H-5-HT, for which agonists have higher, but antagonists 
much lower, binding affinities. 3H-LSD should label both the 3H-spiperone 
and the 3H-serotonin sites (Peroutka and Snyder, 1979). 

When using frontal cortex tissue (Leysen and Gommeren, 1978) and 
limbic brain tissue (Howlett et al., 1979) it has been emphasized that special 
attention should be paid to a precise assessment of stereospecific 3H_ 
spiperone binding in order to define receptor-linked binding. Indeed, in 
these brain areas a substantial part of the 3H-spiperone binding is non­
stereospecific, although saturable and of high affinity (displaced by low 
concentrations of unlabeled spiperone). The latter binding appeared to be 
related to the spirodecanone moiety and was of no known pharmacological 
or physiological significance. 

Conclusion 

Certain neuroleptics can label with high affinity more than one neurotrans­
mitter receptor. Careful control of the nature and binding properties of the 
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sites is necessary, particularly since certain saturable non-receptor-linked 
sites can be labeled as well as various receptors. 

RECEPTOR BINDING PROFILES OF NEUROLEPTICS 

From the foregoing, it appeared that the therapeutic effect of neuroleptics in 
schizophrenia is related to the binding affinity of the drugs for dopaminergic 
receptors, hence their ability to block these receptors. However, drugs 
classified as neuroleptics belong to many different chemical classes of 
compounds and many of these compounds display different pharmacologi­
cal profiles (Niemegeers and Janssen, 1979). Since, at present, in vitro 
receptor binding models have been described for several neurotransmitter 
receptors, the receptor binding profile of drugs can be assessed. Such a 
receptor binding profile gives direct information about the in vitro binding 
affinity of the compound for the receptors. Of course, the in vitro assessed 
activity of the compound does not take into account phannacokinetic 
problems and in vivo certain compounds may never reach the receptors 
although they have the capability to occupy them. Neither is information 
obtained about the duration of action of the compounds. This may be very 
short acting, and hence the in vivo pharmacological effect might be of no 
significance, or very long acting, so that the importance of a receptor 
occupation might become much more prominent. However, receptor bind­
ing profiles might be very helpful in the interpretation of complex in vivo 
pharmacological effects. They may also give insight into the possible causes 
of clinically observed side effects of the compounds. Receptor binding also 
provides a possibility to classify drugs according to selectivity towards 
various neurotransmitter receptors. A number of in vitro receptor binding 
models are summarized in table 3. Receptor binding affinities of 29 
neuroleptics, representing most clinically used drugs, measured using these 
models are given in table 1 for the dopaminergic receptor eH-haloperidol 
and 3H -apomorphine, original data} and in table 4 for the other neurotrans­
mitter receptors. It appears that certain compounds are very selective for 
dopaminergic receptors (for example penfluridol and pimozide). Sulpiride 
and molindone are also selective, but they have a much weaker affinity for 
the dopaminergic receptors. In contrast to these, many other compounds 
show high binding affinity for many different neurotransmitter receptors 
and often their binding affinity for dopaminergic receptors is weaker than 
that for the other receptors (for example chlorpromazine and c1ozapine). 

Finally, receptor profiles are very useful for biochemical research. From 
tables 1 and 4 it is apparent that the choice of a labeled ligand for studying a 
certain neurotransmitter receptor is very critical. Compounds which display 
~ values of nanomolar order for several receptors will act as labeled ligands 
at nanomolar concentrations, and label all these receptors if they are present 
in the tissue preparation. An example is 3H -spiperone, which labels 
dopaminergic and serotonergic receptors, but with selectivity according to 
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the brain preparation. The sites labeled by 3H-clozapine could not be 
defined, but it seems that this compound would be able to label at least 
H)-histaminergic, a)-adrenergic, serotonergic antagonist, and muscarinic 
cholinergic receptors, but only slightly dopaminergic receptors. 

Amongst the labeled ligands thus far used, domperidone and haloperidol 
are the most selective for the dopaminergic receptors. Labeled pimozide and 
penfluridol were tried in our laboratory. As they are extremely lipophilic, 
the non-specific membrane adsorption of these compounds exceeds by 
several-fold the specific receptor binding, even at subnanomolar concentra­
tions (Leysen and Laduron, 1977 b). Therefore these compounds are unsuit­
able as ligands. This demonstrates that several factors have to be considered 
in order to design a good receptor binding model. 

GENERAL CONCLUSIONS 

The present review has focused exclusively on the pharmacological identifi­
cation of neuroleptic receptors. According to the binding specificity of 
drugs, only one DA receptor has been pharmacologically characterized. 
These are the binding sites which have been called DA2 receptors and which 
can be labeled by several DA antagonists and agonists, provided that 
experimental conditions are conscientiously controlled. The anomalies 
which have been encountered in the 3H-DA agonist binding might possibly 
be due to experimental pitfalls such as noxious pretreatment of tissue, 
impurity or instability of 3H-ligands, non-optimal assay conditions or inac­
curate definition of specific binding. 

The failure of some 3H-DA antagonists to be useful ligands (for example 
3H-clozapine and 3H-sulpiride) might be ascribed either to their interfer­
ence with too many neurotransmitter receptors or to their weak binding 
affinity. 

The fact that receptors constitute parts of membranes, and that binding 
studies are conducted with membrane suspensions, greatly hampers the 
analysis and interpretation of binding data. It is not usually taken into 
account that surface phenomena may playa very important role and might 
cause apparently irregular binding patterns. 

Dopaminergic receptors detected using in vitro binding techniques, in 
various tissues, brain areas and species, all display a similar drug selectivity 
and thus probably constitute a common recognition site. However, it should 
not be overlooked that the binding site is just the start of a large processing 
and regulatory system which results in the final physiological effect. So, 
where binding studies measure the start, pharmacologists and physiologists 
only see the end effect. Little biochemical insight is yet available to tell us 
what is happening in between. When discussing membrane-bound recep­
tors, the constitution of the membrane (Capaldi, 1974) should also be kept 
in mind. A receptor should not be looked at as a 'hole' in a membrane where 
certain structures fit. Therefore, we should like to give here a speCUlative but 
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'RECEPTOR' 

I 
BULK LIPIDS 

'PROCESSING SYSTEM' 

+ 
RESPONSE REGULATOR 

Figure 5 A speculative representation of a receptor-complex such as might be 
incorporated in a membrane. It is assumed that the receptor complex is composed of 
an intrinsic protein + the boundary phospholipids which keep each other in a defined 
conformation. The parts of the protein sticking out of the membrane are composed 
of hydrophilic amino acids and might form a binding area for hydrophilic compounds 
(for example agonists). The center part of the protein and the phospholipids are 
hydrophobic and might contain several binding sites for hydrophobic drugs. Mutual 
inhibition for binding to the several binding site areas would be caused by partial 
overlapping of the occupied sites or by conformationally induced changes upon 
occupation. 

perhaps a more rational representation of what a receptor might look like 
(figure 5). The receptor or binding site area is probably formed by an 
intrinsic protein together with its boundary lipids which keep each other in a 
tight conformation. Conformational changes in the receptor complex might 
activate or block the processing system to which they are linked. Since 
agonists and antagonists are compounds of different chemical natures, with 
different chemical properties, one could speculate that more hydrophilic 
agonists would bind preferentially toward the hydrophilic part of the protein 
and initiate conformational changes, whereas the highly lipophilic antagon­
ists would be immersed in the lipophilic area of the boundary lipids. A 
mutual inhibition of agonists and antagonists could be caused by partial 
overlap in occupation of binding areas or conformational changes. Such a 
working hypothesis might, perhaps, be helpful in the interpretation of 
certain binding data. 

For several reasons, this review was restricted to the pharmacology of the 
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receptors and consideration of other criteria for classification of multiple 
receptors was omitted: first, because of the clinical orientation of the 
meeting; second, because of the lack of time and space to cover the vast 
amount of literature. But, mostly, because of my own personal feeling that 
receptor research is still too immature to give a clear-cut view on what 
multiple sites really mean. 'Qui nimium probat nihil probat'. 
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INTRODUCTION 

During the last 20 years many studies were carried out in an attempt to find 
biological markers in affective disorders. The results obtained are often 
contradictory, and the existence of two types of depressions related either to 
norepinephrine (NE) or to serotonin (5-HT) remains an open question 
(Bunney and Davis, 1965; Schildkraut and Kety, 1967; van Praag, 1977). 

Monoamine metabolites have been evaluated in different physiological 
fluids in man. With respect to NE its modifications have been explored by 
measuring 3-methoxy-4-hydroxyphenylglycol (MOPEG) levels in the cere­
brospinal fluid (CSF) or in urine. The results differ widely according to the 
authors as either normal or decreased levels have been reported in endogen­
ous depression. 

Conflicting results have been reported for the catabolite of 5-HT 5-
hydroxyindole acetic acid (5-HIAA) (Garver and Davis, 1979). Of consid­
erable interest is the bimodal distribution of 5 -HIAA in the CSF reported by 
Asberg and Bertilsson (1979), suggesting the existence of a subgroup of 
depressed patients with a disturbance of 5-HT function. The low levels of 
5-HIAA in CSF are associated with an increased tendency to attempt 
suicide (Asberg and Bertilsson, 1979). 

Evidence for a decrease in 5-HT uptake by blood platelets of depressed 
patients has been reported (Tuomisto and Tukiainen, 1976; Tuomisto et at., 
1979; Scott et at., 1979). 

Several reports indicate that the modulation of the release of growth 
hormone is altered in endogenously depressed patients. A second endo­
crinological parameter which appears to change in depressed patients is the 
pattern of release of cortisol. The inhibitory effect of dexamethasone on 
plasma cortisol levels appears to be considerably reduced in patients with 
endogenous depression (Nuller and Ostroumova, 1980; Brown et at., 1980). 

Tricyclic antidepressant drugs (TCA) are considered to be the most 
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effective pharmacological therapy of affective disorders. Although drugs 
like imipramine (lMI), desipramine (DMI), amytriptiline (AMI) and 
chloripramine have been used for more than 15 years, there is not as yet 
convincing evidence concerning the mechanism of action for their clinical 
effectiveness in depression. 

Several biochemical effects of TeA have been suggested to be associated 
with their clinical effectiveness in affective disorders: 

(1) Inhibition of neuronal uptake of monoamines - particularly of NE and 
5-HT, dopamine (DA) only to a lesser extent. 

(2) TeA were shown to interact with high affinity with a number of 
well-known neurotransmitter receptors: al- and a2-adrenoceptors, his­
tamine HI-receptors, muscarinic cholinoceptors and 5-HT receptors. The 
high affinity of some TeA for HI-receptors, muscarinic receptors and 
a-adrenoceptors appears to be linked to some of their side effects (for 
example sedation and atropine-like effects) rather than to their primary 
mechanism of action as antidepressants. 

(3) Although TeA have a very low affinity for ~-adrenoceptors, under 
conditions of chronic treatment with OMlor IMI there is a decrease in 
maximal binding to ~I-adrenoceptors in the central nervous system (eNS) 
(Banerjee et al., 1977; Wolfe et al., 1978), and subsensitivity of the 
NE-sensitive adenylate cyclase (Vetulani et aI., 1976). 

While the inhibition by TeA of neuronal uptake of NE tends to support 
the catecholamine hypothesis of depression, their effects on 5-HT uptake 
would correlate well with an indoleamine hypothesis for affective disorders. 
Yet TeA have also been shown to produce postsynaptic effects at the level 
of responses of central neurons to NE, 5-HT and acetylcholine (Jones and 
Roberts, 1978, 1979). These effects appear to be independent from the 
inhibition of neuronal uptake of monoamines. 

Another development that has challenged the existing hypothesis for the 
mechanism of action of TeA is the appearance of drugs like mianserine (a 
very weak inhibitor of monoamine uptake) and iprindol and viloxazine 
(which do not inhibit the uptake of monoamines and yet appear to be 
clinically effective antidepressants) (Rosloff and Davis, 1974; Bevan et aI., 
1975; Lippman and Pugsley, 1976; Baumann and Maitre, 1977). 

HIGH AFFINITY 3H-IMIPRAMINE BINDING SITES IN 
THE BRAIN 

The use of receptor binding techniques has provided a powerful tool in 
establishing the affinity of drugs for certain receptors in the eNS, where the 
postsynaptic effects mediated by these receptors are more difficult to study 
than in the peripheral nervous system. 

The use of radio labeled drugs for binding studies at known receptor sites 
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(0:- and l3-adrenoceptors, DA receptors, muscarinic cholinoceptors, 
serotoninergic receptors) provided powerful tools to study these receptors 
in the CNS. The success of this methodology in the study of the well-known 
receptors was followed by the discovery of specific high affinity binding sites 
for 3H-diazepam, one of the most potent benzodiazepines (Squires and 
Braestrup, 1977; Mohler and Okada, 1977). The binding of 3H -diazepam 
fulfils most of the criteria for its identification as a receptor site which 
appears to mediate the pharmacological effects of benzodiazepines. In an 
attempt to find a specific high affinity binding site which could be related to 
the site of action of antidepressant drugs we employed a similar experimen­
tal approach when 3H-IMI of high specific activity became available. 

The presence of a specific binding site for 3H -IMI was first reported in the 
rat brain (Raisman et al., 1979a, b). This binding site for 3H-IMI is of high 
affinity and the K.J value is in the nanomolar range. The binding of 3H-IMI is 
saturable and gives a linear Scatchard plot, indicating a single homogenous 
population of non-interacting binding sites (Raisman et aI., 1980a). 

The mean apparent equilibrium dissociation constant, K.J, in rat cerebral 
cortex was 4.04±0.52 nM (n=13) and the maximal binding 249±23 fmol 
(mg protein)-l (n=13). Hill analysis gave a Hill number of 0.97, indicating a 
lack of cooperativity. Experiments on association and dissociation of 3H_ 
IMI binding indicate that equilibrium occurs within 30 min (tl/2=5 min) with 
2.5 nM 3H-IMI at 0 0c. The binding is rapidly reversible: addition of 10 ~M 
DMI displaces the specific binding completely in less than 45 min at 0 °C 
(t=5 min). The dissociation affinity constant (K.J) derived from the kinetic 
constants of association and dissociation is very similar to that obtained from 
equilibrium experiments by Scatchard analysis (Raisman et al., 1980a). 

Recent studies carried out with the (Z) and (E) isomers of zimelidine, 
norzimelidine and the 10-hydroxymetabolites of nortriptyline (NT) and 
AMI have shown the stereo selectivity of the high affinity binding of 3H -1M I 
in the rat brain (Langer et al., 1980a). 

The specific binding of 3H -IMI is unevenly distributed in the rat brain: the 
highest density of binding sites was found in the hypothalamus and the 
lowest in the cerebellum (table 1). Specific 3H-IMI binding was not found 
under our experimental conditions in peripheral organs like the heart and 
the vas deferens which possess a rich noradrenergic innervation. A more 
detailed study carried out in 23 regions of the rat brain shows that the 
hypothalamus and the amygdala are the richest areas for 3H-IMI binding. 
The values of 3H -IMI binding and endogenous 5 -HT levels in some of these 
regions are shown in table,2. The results of table 2 indicate that there is a 
significant correlation between the density of serotoninergic innervation 
and the number of 3H-IMI binding sites in the areas of the brain studied so 
far. 

A large number of drugs were tested for their ability to inhibit 3H-IMI 
binding. Certain drugs like phentolamine, chlorpromazine and pyrilamine 
were relatively potent in inhibiting 3H-IMI binding. However, no single 
group of drugs acting on the classical neurotransmitter receptors either as 
agonists or as antagonists inhibited consistently the high affinity binding of 
3H_IMI (Raisman etal., 1980a). 
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Table 1 Distribution of specific 3H-imipramine binding in the rat 
brain 

~ B.nax 
Region n (nM) (fmol (mg protein)-') 

Cerebellum 3 8.0±3.0 60±11 
Hippocampus 3 3.3±0.2 143±26 
Midbrain 3 2.4±0.7 156±35 
Corpus striatum 7 2.8±0.5 164±11 
Spinal cord 3 4.0±1.0 199±63 
Cerebral cortex 13 4.0±0.5 249±23 
Hypothalamus 6 4.1±0.8 317±50 

The values are taken from Raisman et al. (1980a) and unpublished 
results. ~ and B.nax of 3H-IMI binding were calculated by Scatchard 
analysis. n=number of separate Scatchard plots each of 8-10 con­
centrations determined in duplicate. 

Table 2 Regional distribution of 3H-imipramine binding and serotonin concentra­
tion in some areas of the rat brain 

Region 

Cingulate cortex 
Septum 
Globus pallidum 
Substantia nigra 
Anteromedial hypothalamus 
Medial basal hypothalamus 
Lateral hypothalamus 
Centromedial amygdala 
Laterobasal amygdala 
Medullary reticular formation 

3H-IMI binding 
(fmol (mg protein)-') 

58.7± 3.6 
57.4±11.3 

148.7±22.0 
121.4±20.5 
147.0±25.6 
136.5± 8.0 
203.7±26.2 
113.5±17.6 
197.2±34.1 
53.3±10.5 

5-HTlevels 
(ng (mg protein)-') 

5.8 
10.9 
19.0 
20.8 
15.2 
20.1 
25.8 
18.4 
21.1 

5.8 

The values are taken from Palkovits et al. (1980). 3H -IMI binding was determined 
at a single subsaturating concentration: 3.5 to 4.0 nM. 

Most TCA inhibit 3H-IMI binding in the nanomolar range (table 3). On 
the other hand, the non-tricyclic antidepressants, also referred to as 'atypical 
antidepressants', are much less potent or practically inactive in inhibiting 
3H-IMI binding (table 3). 

It is of interest to note that while drugs that inhibit neuronal uptake of 
either NE of DA are not very potent in inhibiting 3H-IMI binding (Raisman 
et al., 1980a; Langer et al., 1980b), those that preferentially inhibit neuronal 
uptake of 5 -HT are consistently active in inhibiting 3H -IMI binding in rather 
low concentrations. In a recent study the ICso values for the inhibition of 
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Table 3 Inhibition of specific 3H-imipramine bind­
ing by tricyclic and atypical antidepressant drugs 

Drugs 

Tricyclic antidepressants 
Imipramine 
Protriptyline 
Clomipramine 
Amitriptyline 
Nortriptyline 
Doxepine 
Amoxapine 

Non-tricyclic antidepressants 
Zimelidine 
Trazadone 
Nomifensine 
Iprindol 
Viloxazine 
Mianserine 
Bupropione 

ICso (nM) 

15 
20 
25 
25 

200 
300 
500 

1200 
1850 
3200 
5500 

11500 
20000 
20000 

The inhibition of 3H -IMI binding was determined 
in membranes from the rat cerebral cortex at 2 nM 
3H-IMI. ICso is the concentration of the drug re­
quired to inhibit by 50 percent the specific binding of 
3H-IMI. 

Data taken from Raisman eta/. (1980a). 
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3H -IMI binding in the rat hypothalamus were determined for 17 antidepres­
sant and non-antidepressant drugs and compared with their potencies in 
inhibiting neuronal uptake of NE and 5-HT in hypothalamic slices (Langer 
et al., 1980b). A significant correlation was found between the potencies for 
inhibition of 5-HT uptake and 3H-IMI binding while no such correlation was 
obtained when the potencies for inhibition of NE uptake were taken into 
consideration (Langer et al., 1980b). 

In further support of the view that the high affinity 3H-IMI binding site is 
linked to the neuronal uptake process for 5-HT we have recently found that 
the maximal number of binding sites for 3H-IMI binding in the rat 
hypothalamus is decreased by approximately 50 percent after electrolytic 
lesions of the raphe dorsalis which result in a 60 percent reduction of the 
endogenous 5-HT levels in the hypothalamus (Langer, Sette, Raisman, 
Leroux and Briley, unpublished observations). 

It therefore appears that the high affinity 3H-IMI binding site may label 
either the recognition site or a protein linked to the neuronal uptake 
complex in serotonergic nerve terminals. Consequently there are at least 
four different recognition sites for 5-HT at the level of the synapses in the 
CNS: (1) postsynaptic 5-HT1 receptors, linked predominantly to adenylate 
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cyclase and labeled with 3H-5-HT; (2) postsynaptic 5-HT2 receptors, prob­
ably linked to the behavioral head twitches response and labeled with 
3H-spiroperidol; (3) presynaptic inhibitory 5-HT receptors which modulate 
the stimulation-evoked release of the neurotransmitter; and (4) neuronal 
uptake sites for 5-HT linked to the active transport of the transmitter in the 
n~rve endings. 

It should be noted that although the neuronal uptake sites for neurotrans­
mitters are not usually referred to as receptors they should be expected to 
behave like pharmacological receptors in binding studies, because: (1) there 
is a recognition site for the corresponding transmitter which is usually 
stereoselective and for which there is a clear-cut structure-activity relation­
ship for close analogs of the neurotransmitter; (2) activation of this recogni­
tion site by the neurotransmitter is somehow coupled with the active 
transport of the substrate inside the nerve terminal; (3) neuronal uptake of 
transmitters is inhibited by specific drugs which usually are different from 
the antagonists that block the postsynaptic receptor that mediates the 
response or the presynaptic receptor that modulates the release of the 
neurotransmitter. 

It therefore appears that recognition sites for neuronal uptake of neuro­
transmitters can be incorporated into the growing list of neurotransmitter 
receptors that can be studied with receptor binding techniques. The fact that 
3H -IMI appears to label the recognition site for the neuronal uptake of 5 -HT 
may contribute to our understanding of the physiology and pharmacology of 
these neuronal uptake sites linked to the process of inactivation of the 
transmitter which therefore regulate the concentration of the neurotrans­
mitter in the synaptic cleft. 

It is possible that the high affinity 3H -IMI binding site is related to the site 
of the pharmacological action of some TCA. In support of this view, we have 
found a significant correlation for 10 antidepressant drugs between their 
ICso values for inhibition of 3H-IMI binding and their mean daily clinical 
dose as antidepressants (Raisman et al., 1980 b). When a similar analysis was 
tried for the non-tricyclic antidepressant drugs, there was no significant 
correlation between these two parameters, indicating that the non-tricyclic 
antidepressants exert their effects through a mechanism of action which 
does not seem to involve the high affinity 3H_IMI binding site. 

It should be noted, however, that some TCA and their metabolites inhibit 
preferentially the neuronal uptake of NE and this effect is likely to be 
involved in the mechanism of the antidepressant effects of these compounds. 
Yet, as already discussed, the high affinity binding site for 3H -IMI appears to 
be unrelated to noradrenergic nerve endings. 

The presence of 3H_IMI binding sites has also been reported in the human 
brain (Agid, Raisman, Briley and Langer, unpublished observations; Re­
havi et al., 1980). The binding parameters for 3H-IMI in post-mortem 
samples of the human brain as well as the profile of inhibition of 3H-IMI 
binding in the human cortex, hippocampus, hypothalamus and caudate 
nucleus by a variety of different drugs is identical to that described in the rat 
brain. 
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PRESENCE OF HIGH AFFINITY 3H-IMIPRAMINE 
BINDING SITES IN HUMAN PLATELETS 

69 

The possible association of 3H_IMI binding with the neuronal uptake of 
5-HT and the fact that platelets have been used extensively as a model 
resembling 5-HT nerve terminals prompted the search for high affinity 
binding sites in human platelets. 

The presence of high affinity binding sites for 3H -IMI in human platelets 
was first reported by Briley et al. (1979) and Langer et at. (1980c). These 
findings were recently confirmed by Rehavi et al. (1980). 

3H_IMI binding in human platelets appears to have properties identical to 
those reported in the rat and human brain. In a recent study the ICso values 
for inhibition of 3H-IMI binding in rat brain and human platelets were 
determined for 25 drugs. A highly significant correlation was obtained in 
this study (r=0.81, p<0.001) with a slope of approximately unity (Langer et 
at., 1980c). In a similar study in which the ICso on 3H-IMI binding in human 
brain and human platelets was determined for a series of clinically active 
TCA the correlation was also highly significant (r=0.97; p<0.001) (Rehavi 
et at., 1980). It therefore appears that the 3H-IMI binding site in human 
platelets is identical with that originally reported in the rat and human brain. 

In a recent study carried out in 35 healthy volunteers, no differences were 
found between the sexes in either the maximal binding (Bmax) or the 
apparent affinity constant (Kd) for 3H-IMI binding to platelet membranes. 
In addition, the Kd and Bmax values for 3H-IMI binding were found to be 
remarkably stable for each individual when determinations were made at 
3-4 week intervals (Langer et aI., 1980c). In this study no changes were 
observed between either Kd or Bmax values when female and male normal 
volunteers of the same age were compared. These authors found a decrease 
in Emax values with increasing age over the range between 17 and 97 years, 
although there were no changes in Kd values for 3H_IMI binding as a 
function of age (Langer et aI., 1980c). 

In view of the fact that 3H-IMI binding can be determined repeatedly in 
human platelets, it was considered of interest to compare the binding 
parameters of the platelets from severely depressed untreated patients and 
those of age- and sex-matched control volunteers. While the control popula­
tion consisted of healthy volunteers receiving no medication, the group of 
severely depressed patients were free of antidepressant drugs for 4 weeks 
and without any medication during the 24 h preceding the blood sampling. 

As shown in table 4, the mean Bmax value for the depressed patients was 
significantly lower than that of the corresponding controls while the Kd 
values did not differ between the two groups. The presence of a significant 
difference in the Bmax for 3H-IMI binding between controls and untreated 
severely depressed patients (table 4) supports the view that the 3H-IMI 
binding site might be involved in biochemical changes related to affective 
disorders. At present we cannot exclude the possibility that the decrease in 
Bmax for 3H-IMI binding observed in the platelets of depressed patients 
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Table 4 Specific 3H-imipramine binding in platelets from untreated de­
pressed patients and control volunteers 

Experimental group 

Controls 
Depressed 

n 

38 
27 

K.J 
(nM) 

2.4±0.3 
2.8±0.3 

Bmax 
(fmol (mg protein)-I) 

584±38 
285±22* 

Patients as well as normal volunteers were of both sexes, aged 20-65 
(mean age in both groups, 44 years). Depressed patients (mono- or bipolar 
endogenous depression or reactive depression) were free of antidepressant 
treatment for at least 4 weeks. Hamilton depression rating scales (NIMH, 
1967, 25 items) were all higher than 39, the value for the 27 depressed 
patients being 51 ±2 (mean ±S.E.M.). Binding parameters were determined 
by Scatchard analysis using a minimum of six concentrations of 3H-IMI 
between 0.4 and 8 nM, each point being determined in duplicate. 

Data taken from Raisman et al. (1980b). 
*p <0.001 when compared with the control group. 

reflects compensatory mechanisms that develop in response to the depres­
sive states. 

It is of interest to note that the group of patients studied included both 
reactional as well as mono- or bipolar endogenous types of depression. With 
the number of depressed patients studied so far (27) there were no differ­
ences between the parameters of 3H-IMI binding when reactional and 
endogenous depressions were compared. In a similar study carried out at the 
NIMH, Bethesda, USA, a 40 percent decrease in the Bmu of 3H-IMI binding 
in platelets was found in severely depressed patients when compared with 
age- and sex-matched normal volunteers (S. M. Paul, personal communica­
tion). Additional studies with a larger number of depressed patients as well 
as psychiatric non-depressed patients are required before the biological 
significance and the specificity of the present findings can be fully estab­
lished. 

In our study there was no correlation between the severity of the depres­
sion, determined by the Hamilton Depression Rating Scale (HDRS) and the 
Bmax values of 3H-IMI binding in the platelets of depressed untreated 
patients. Although the number of patients may be too small to reach a 
definite conclusion, it would appear that the level of 3H -IMI binding cannot 
be used as an index of the severity of the depression. In support of this view, 
in a group of 17 patients that were treated for 9 days with TCA, and at a time 
when the HDRS indicated a significant clinical improvement, the Bmax 
values for 3H-IMI binding remained essentially unchanged when compared 
with the initial values prior to the beginning of the treatment. A third 
determination was carried out when these patients were still under antidep­
ressant medication but had already recovered to the extent of having HDRS 
values within the normal range. In this group the Bmax of 3H -IMI binding was 
practically the same as those in the previous two determinations. There was, 
however, in the patients treated with TCA, a small but significant increase in 
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the K.J values for 3H-IMI binding. Whether the increase in K.J values 
observed during treatment with TCA represents an artifact due to the 
residual antidepressant drug still present in the platelet membranes during 
the binding assay, or whether this change in apparent affinity constant is 
related to the clinical improvement of depression, is still an open question. 

We do not have as yet information on 3H -IMI binding parameters (K.J and 
Bmn) in platelets of the patients shown in table 4 at a time when they are 
clinically recovered from their depression and are no longer on antidepres­
sant medication. These results may help to clarify the question as to whether 
the low level of 3H_IMI binding indicates a susceptibility or biological 
predisposition to depression or reflects changes in mood. 

As discussed below, chronic treatment with TCA in cats produces a 
decrease in Bmn for 3H_IMI binding in the brain as well as in platelets 
(Arbilla et ai., 1980). Such an effect elicited by the treatment with antide­
pressant drugs could mask the increase in the Bmn values in platelets from 
depressed patients who undergo clinical improvement to the extent of 
reaching normal values in their HDRS. 

While the results shown in table 4 support the view that the high affinity 
3H-IMI binding may represent a useful biological marker in affective 
disorders, several major questions remain open. The first one concerns the 
possibility that the changes in 3H_IMI binding in platelets observed in 
severely depressed patients might reflect similar differences in the brain. 
Studies of 3H-IMI and other receptor binding assays in post-mortem brain 
samples from depressed patients as well as suicides are currently under way. 
Age- and sex-matched samples from accident victims with no history of 
mental disorders are determined simultaneously. These studies are long 
term projects and a clear answer to this question may require several years of 
research. 

As already mentioned, in cats treated chronically with IMI there is a 
parallel decrease in Bmax of 3H_IMI binding in the hypothalamus and in 
platelets (Arbilla et ai., 1980). It is tempting to extrapolate these parallel 
changes in 3H_IMI binding in the hypothalamus and platelets of cats to 
suggest a similar parallelism for the decrease in 3H -IMI binding in platelets 
observed in depressed untreated patients. If these findings reflect similar 
changes in the brain, then the second question is the following: how does the 
message or a certain signal from the brain reach the platelets? In other 
words, through which mechanism is the information regarding the biochem­
ical changes at the level of 3H-IMI binding in the brain able to reach the 
circulating platelets? In trying to answer this question, it is tempting to 
speculate that a humoral factor may be involved and that a 'mood­
regulating' substance may be present in the circulation. This endogenous 
mood-regulating substance could be different from the neurotransmitter 
involved in the site identified for 3H -IMI binding in nerve terminals, namely 
5-HT. 

The third question is whether the decrease in Bmn for 3H-IMI binding 
observed in platelets from untreated severely depressed patients reflects the 
cause of depression or may in fact represent an unsuccessful compensatory 
attempt to overcome the depressive state. The paradoxical observation that 
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chronic treatment with TCA as well as the untreated severe depression both 
result in lower levels of 3H -IMI binding in platelets may be indirect evidence 
in support of the view that we may be dealing with an insufficient compen­
satory response. While this question is still open it is of interest to note that 
there are many examples of homeostatic mechanisms which operate under 
physiological as well as physiopathological conditions (for example the 
baroreceptor reflexes which control the level of blood pressure). Similarly, 
one can speculate about biochemical changes which are geared to 'mood 
improvement' in the depressive state. At present there is no satisfactory 
answer to this highly speculative question, but it is possible that research in 
this area may prove to be both challenging and rewarding. 

An analysis of the Bmax values of 3H -IMI binding in the normal population 
suggests a possible bimodal distribution (Raisman et al., 1980b) while the 
distribution of the Bmax values in the depressed population corresponds 
approximately to the low Bmax population in the controls. Although a larger 
study is required to confirm these results, one possible interpretation of 
these data would be that the Bmax of 3H -IMI binding in platelets represents a 
biological marker for the susceptibility to depression. Interestingly enough, 
a bimodal distribution of CSF levels of the 5-HT catabolite 5-HIAA has 
been reported (Asberg et al., 1976). In addition severe depression as well as 
suicide attempts were reported to be correlated with the subpopulation of 
low 5-HIAA levels in CSF (Asberg et al., 1976; Asberg and Bertilsson, 
1979). 

EFFECTS OF CHRONIC TREATMENTS ON 
3H-IMIPRAMINE BINDING 

An important clinical observation concerns the fact that TCA produce their 
clinical therapeutic effects only after they are administered for at least 
10-15 days. Nevertheless, some of the biochemical and pharmacological 
effects of TCA (for example inhibition of neuronal uptake of monoamines 
and their effects on paradoxical sleep) are already present after the first day 
of medication. 

Therefore, considerable attention has been devoted to the biochemical 
and pharmacological effects of the chronic administration of TCA in an 
attempt to clarify the reasons for this latency period in the appearance of 
therapeutic action. 

In rats or cats treated chronically with TCA a decrease in Bmax for 
~-adrenoceptor binding has been demonstrated in various brain regions 
(Banerjee et al., 1977; Wolfe et ai., 1978). Chronic treatment with TCA also 
reduced the Bmax for 3H-IMI binding in the rat and cat brain (Raisman etai., 
1980a; Kinnier et ai., 1980; Arbilla et ai., 1980). Both for ~-adrenoceptor 
and for 3H-IMI binding, the changes were restricted to the Bmax while the 
corresponding K.J values remained unchanged. The 'down regulation' of 
~-adrenoceptors and the 3H-IMI binding site observed during the chronic 
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administration of TCA do not seem to be interrelated because after chronic 
treatment with IMI, f3-adrenoceptor binding decreased in the cerebellum 
while 3H-IMI binding remained unchanged in this region (Kinnier et aI., 
1980). When rats were treated chronically with a non-tricyclic antidepres­
sant, iprindol, there were no decreases in 3H-IMI binding in the rat brain 
(Kinnier et al., 1980). 

The down regulation of f3-adrenoceptors observed in the CNS after the 
chronic administration of TCA is paralleled with decreases in sensitivity in 
the NE-sensitive adenylate cyclase (Vetulani and Sulser, 1975). 

Recently it was reported that adding an a-adrenoceptor blocking agent to 
the TCA treatment accelerates the development of f3-adrenoceptor subsen­
sitivity in the rat brain (Paul and Crews, 1980). Since a-adrenoceptor 
blocking agents enhance the stimulation-evoked release of NE by acting on 
presynaptic inhibitory a2-adrenoceptors (Langer 1974, 1977) and since the 
down regulation of f3-adrenoceptors by TCA requires the presence of 
noradrenergic nerve endings (Schweitzer et al., 1979), these results further 
support the view that chronic administration of TCA decreases 13-
adrenoceptor density through the long-lasting increase in the concentration 
of NE in the synaptic cleft. This increase in the concentration of the 
noradrenergic transmitter at the level of the synapse may also be responsible 
for the subsensitivity of presynaptic inhibitory a2-adrenoceptors after the 
chronic, but not the acute, administration of DMI (Crews and Smith, 1978; 
Langer, 1978). 

Chronic electroconvulsive shock in rats, which also mimicks antidepres­
sant therapy, is known to decrease the density of f3-adrenoceptors in the 
CNS (Bergstrom and Kellar, 1979a; Pandley et aI., 1979) and also the 
sensitivity of the NE-dependent adenylate cyclase (Vetulani and Sulser, 
1975). More recently we have found that chronic electroconvulsive shock 
therapy in rats leads also to a decrease in Bmax for 3H-IMI binding in the rat 
cerebral cortex (Briley, Green and Langer, unpublished observations). 

A decrease in the latency period for the onset of paradoxical (REM) sleep 
is a consistent observation in endogenous depression. In a recent study in 
which rats were subjected to paradoxical sleep deprivation for 72 h, there 
were significant decreases in the Bmax for both f3-adrenoceptor and 3H-IMI 
binding in the cerebral cortex and the hypothalamus (Mogilnika et aI., 
1980). These results are of particular interest because total sleep depriva­
tion or paradoxical sleep deprivation alone and in association with TCA has 
been reported to be useful in the therapy of depression. 

The fact that several treatments that are known to be effective in the 
therapy of depression lead to decreases in Bmax of 3H-IMI binding in the 
brain support the view that the TCA binding site appears to be phar­
macologically relevant and it may be related to the site of action of 
antidepressant drugs. The 3H-IMI binding site may also in some way be 
linked to the biochemical changes that occur in affective disorders. 

In spite of the fact that the 3H -IMI binding site appears to be related to the 
neuronal uptake mechanism for 5:..HT, there is as yet no clear pattern for the 
effects of chronic administration of TCA on 5-HT receptor binding. Some 
groups reported a decrease in 3H-5-HT binding after the chronic admini-
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stration of TCA (Segawa et al., 1979) while others failed to report such 
changes (Bergstrom and Kellar, 1979b; Savage et al., 1980). It appears that 
chronic treatment with TCA produces a selective down regulation of 5-HT2 

but not of 5-HT 1 receptors in the rat brain (S. H. Snyder, personal communi­
cation). 

Concerning the studies on the effects of chronic treatments with antide­
pressants on the binding parameters for various receptors, a word of caution 
appears to be appropriate. To start with, most studies employ rather high 
doses of TCA and it cannot be excluded that one is looking at the effect of 
subtoxic rather than therapeutic doses of these drugs. In addition, it is not 
clear as to whether the down regulation of various receptors after chronic 
antidepressant treatment represents an adaptative change unrelated to the 
therapeutic effects of these drugs or if it is directly related to the mechanism 
of action of these antidepressant drugs. 

In spite of these critical comments there is no doubt that studies based on 
the chronic administration of antidepressant drugs represent a useful model 
to clarify their mechanism of action. The latency of approximately 2 weeks 
for the development of the antidepressant effects of the tricyclic drugs in 
man continues to be an important problem in the field of the phar­
macotherapy of depression. 

CONCLUDING REMARKS 

The high affinity 3H -IMI binding site fulfills most of the criteria required for 
the binding of a ligand to a receptor site. The evidence available so far is 
compatible with the view that 3H_IMI binds with high affinity to the 
neuronal uptake site for 5-HT. Although it is not yet clear if 3H -IMI binds to 
the recognition site, an associated protein or the actual transport mechanism 
for 5-HT on 5-HT nerve terminals, it is likely that 3H-IMI binding is 
somehow associated with the site of neuronal uptake of this neurotransmit­
ter. It follows from this proposal that serotoninergic neurotransmission may 
be related to the pathogenis of depression and/or the mechanism of action of 
some antidepressant drugs. 

It is likely that 3H -IMI binding may prove to be a useful tool for studies at 
the biochemical and molecular level of the physiopathology and clinical 
pharmacology of affective disorders. Studies of the effects of drugs on 
3H-IMI binding may also provide an insight on the mechanism of action of 
antidepressant drugs as well as becoming a useful screening method in the 
search for new antidepressant drugs. 
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INTRODUCTION 

The routine monitoring of blood levels of drugs such as digoxin, gentamicin, 
lithium and anticonvulsants has been recognized as a valuable and necessary 
aid to clinical management. A similar approach to the control of therapy 
with antipsychotic, neuroleptic drugs has been complicated by (1) the large 
number of drugs presently in use, (2) their even larger number of active and 
inactive metabolites, (3) the lack of satisfactory assay procedures, and (4) a 
general lack of recognition of the toxic effects which may result from high 
dose levels. 

Recent evidence indicates that long term neuroleptic treatment may be 
accompanied by adverse effects, such as persistent tardive dyskinesia (Bal­
dessarini and Tarsy, 1979). Although the symptoms of acute over-dosage 
with neuroleptics, that is extrapyramidal Parkinsonian-like symptoms, are 
easily discernable, it now appears that tardive dyskinesia, a serious and 
sometimes irreversible sequella of neuroleptic therapy, may be associated 
not only with long term, high dose treatment (Klawans, 1973) but also with 
high blood levels which can occur even at a 'recommended' dose level (Jeste 
et al., 1979). Thus it is important to determine whether patients who are not 
improving with therapy are on a potentially detrimental dose schedule. 
Because there are such large interindividual differences in the bioavailabili­
ty of neuroleptics at a given dose due to differences in absorption, intestinal 
microsomal oxidation, first-pass hepatic metabolism, and plasma protein 



80 Clinical Pharmacology in Psychiatry 

binding, the recommended dosages may be either too low to achieve optimal 
therapeutic results or be unnecessarily high. Thus serum neuroleptic con­
centration may provide a more sensitive and safe indicator of optimum dose 
regimens. 

Although it is tempting to believe that plasma levels may provide a precise 
way of monitoring doses of drugs to achieve optimal clinical treatment, 
evidence to date to support this concept as regards neuroleptic drugs is 
tenuous (Lader, 1976; Cooper et ai., 1976; Cooper, 1978). This, in part, 
results from the techniques of measurement which have been difficult and 
not easily reproducible. The drugs themselves undergo extensive metabol­
ism and the metabolic fate of any particular drug varies considerably 
between subjects. Some of these metabolites are biologically inert; however, 
many are even more potent than the parent compound (Creese et ai., 
1978b). Thus measurement of the parent compound a.lone may be of 
relatively little value and, in some cases, quite misleading. 

The assay techniques previously available have all had a number of 
inadequacies (U sdin, 1971): the fluorimetric procedures were often poorly 
reproducible, lacked sensitivity and could both be interfered with by, or not 
measure, active and inactive metabolites of the parent compound. The 
recent technical developments of mass spectrometry, high performance 
liquid chromatography and gas chromatography have markedly improved 
both the specificity and the sensitivity of assays for the measurement of 
neuroleptic drugs. However, these methods are both complex and time­
consuming, allowing measurements of only a small number of samples per 
day, and, being highly selective, the methods must be modified to measure 
different compounds. Furthermore, they require expensive equipment and 
highly educated and experienced personnel. Another major problem is the 
inability to ascertain all the potential active metabolites that may be present, 
and thus to quantify them. A number of radioimmunoassays (RIA) are 
presently available for some neuroleptic drugs and their development has 
certainly enabled a marked increase in analytical capacity. However, RIA 
suffer from similar inadequacies of both the fluorimetric and 
spectrometric/chromatographic techniques: active metabolites may not be 
measured while inactive metabolites may also have substantial affinity for 
the antibody. 

Thus it is not surprising that it has proved difficult to demonstrate a direct 
relationship between plasma concentrations of neuroleptic drugs and their 
clinical efficacy. Such clinical studies have further been complicated by the 
problems of diagnosis, lack of homogeneity in clinical populations, non­
compliance and spontaneous remissions. That the kinetics and metabolism 
of so few neuroleptics have been well characterized attests to the inherent 
complexity of these studies. 

Many of these problems have been solved with the development of a 
radioreceptor binding assay (RRA) for the measurement of blood levels of 
neuroleptics (Creese and Snyder, 1977). In several respects the RRA 
technique resembles a RIA. However, instead of antibodies it utilizes 
tissue-bound dopamine (DA) receptors with specific high affinity for 
neuroleptic drugs. The method is adequately sensitive and has a very high 
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analytical capacity. A major improvement over the RIA method is that it is 
chemically non-specific. Any drug present in the blood which has DA 
receptor blocking activity (and thus possesses neuroleptic activity) is meas­
ured, irrespective of its chemical structure. Thus the RRA is pharmacologi­
cally specific in that, when properly performed, it measures the DA receptor 
blocking activity of all substances present in the blood regardless of whether 
they are the actual drug administered or active metabolites produced in vivo. 
Thus, it is not even necessary to have previously identified potentially active 
metabolites. The RRA will measure the combined DA receptor blocking 
activity of all administered drugs and their active metabolites, although not 
determining their concentrations separately. Of course the utility of this 
assay depends on the demonstration that neuroleptic drugs do indeed 
possess their clinical efficacy through blocking DA receptors in the brain. 
We will now briefly review the evidence that the biochemical mechanism of 
action of neuroleptic drugs is the blockade of CNS DA receptors. 

IDENTIFICATION OF 'NEUROLEPTIC' DOPAMINE 
RECEPTORS IN THE BRAIN 

Much biochemical and behavioral evidence suggests that neuroleptic drugs 
alleviate schizophrenic symptoms and induce Parkinsonian-like extra­
pyramidal side effects by blocking DA receptors in the brain (Snyder et al., 
1974). While molecular modeling indicates how phenothiazines can assume 
the preferred conformation of DA, the conformation of butyrophenones at 
their receptor sites is unclear from such analyses (Feinberg and Snyder, 
1975; Koch, 1974). Nevertheless, in animal tests both phenothiazines and 
butyrophenones block DA-mediated behaviors induced by DA agonists in 
proportion to their clinical potencies (Janssen and van Bever, 1978). 

The first direct biochemical evidence that neuroleptics affect postsynaptic 
DA receptors derived from studies of aDA-sensitive adenylate cyclase. 
Greengard and associates (Greengard, 1976) and Iversen and colleagues 
(Iversen, 1975) demonstrated an enzyme in homogenates of rat corpus 
striatum which caused a DA-stimulated accumulation of cyclic AMP 
(cAMP). Phenothiazines were effective inhibitors of the enzyme with 
influences which, in general, paralleled their pharmacological potencies in 
animals and man. However, there were marked discrepancies in the case of 
butyrophenones. Haloperidol, which clinically and pharmacologically is 
about 100 times more potent than chlorpromazine (CPZ), appeared weaker 
than, or at best equal to, CPZ in influence on the adenylate cyclase. 
Similarly, the most potent known butyrophenone, spiroperidol or 
spiperone, which is about five times more potent than haloperidol in intact 
animals, was weaker than haloperidol and CPZ on the adenylate cyclase. In 
fact, when considering a large number of neuroleptic drugs from different 
structural classes there is no correlation between their ability to block 
DA-stimulated cAMP production and their potencies in man as antischizo­
phrenic agents (Snyder et al., 1975). 
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These discrepancies could be con trued as a challenge to the hypothesis 
that antischizophrenic drugs produce their therapeutic effects by blocking 
postsynaptic DA receptors in the brain. However, in 1976 it became evident 
that like cholinergic, histaminergic and adrenergic receptors, there must be 
multiple types of DA receptors (Creese and Sibley, 1979). The clinical 
effects of neuroleptic drugs appear to be mediated through the blockade of 
DA receptors which are not associated with adenylate cyclase (Creese et al., 
1976; Seeman et al., 1976). These DA receptors can be identified by their 
selective labeling with low concentrations of high specific activity 3H_ 
butyrophenones. Initial studies utilized 3H-haloperidol but the availability 
of 3H-spiperone, which has a higher affinity and specific activity, has 
superseded its use. The most important technical hurdle to overcome in 
demonstrating specific DA receptor binding is to minimize the amount of 
non-specific association of the ligand with membrane components, since 
such non-specific sites exceed, by a large margin, the number of DA 
receptors. Evidence that these ligands in fact label the physiologically 
relevant DA receptor derive from several sources (Creese et al., 1978a). 
First of all, the regional distribution of 3H-butyrophenone binding parallels 
regional variations in endogenous DA concentration, with highest levels of 
binding in the corpus striatum, somewhat lower levels in areas of the limbic 
system that possess DA pathways such as the nucleus accumbens and 
olfactory tubercle, and very little binding in other regions. Drug specificity 
for displacing 3H-spiperone from receptors also provides important evi­
dence. Among adrenergic agonists, DA is most potent, norepinephrine less 
so and isoproterenol weakest. The direst-acting DA agonist apomorphine is 
more potent than DA itself. 

Most importantly, the affinities of neuroleptics of diverse structures for 
DA receptors labeled with 3H -haloperidol or 3H -spiperone correlate closely 
with their pharmacological actions in animals and man (Creese et al., 1976) 
(table 1). The average clinical daily dose of numerous neuroleptics as 
antischizophrenic drugs correlates highly with their absolute affinities for 
3H-butyrophenone DA receptor binding sites (r=0.87, p<O.OOI). Because 
the clinical activity of drugs is difficult to quantify, the binding properties of 
these neuroleptics have been related to their acute pharmacological actions 
in animals. Apomorphine produces a stereotyped sniffing, licking and 
gnawing in rodents which derives from stimulation of postsynaptic DA 
receptors in the corpus striatum and nucleus accumbens. The ability of 
neuroleptics to block apomorphine-induced stereotyped behavior predicts 
the clinical potencies of drugs and has been used by the pharmaceutical 
industry as a screening test. Neuroleptic affinity correlates highly with 
antagonism of apomorphine stereotypy (r=0.92, p<O.OOI). Similarly, 
neuroleptic antagonism of amphetamine-induced stereotypy also is highly 
correlated with neuroleptic DA receptor affinity (r=0.93, p<O.OOI). 
Neuroleptics are also among the most effective antiemetics known, presum­
ably blocking DA receptors in the chemoreceptor trigger zone in the brain 
stem. The ability of neuroleptics to prevent apomorphine-induced emesis 
also correlates closely with their affinity for 3H -butyrophenone binding sites 
(r=0.93, p<O.OOI). Thus, affinity of an unknown compound for 3H_ 
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butyrophenone binding sites is highly suggestive that the compound will 
exhibit antidopaminergic and antischizophrenic activity in vivo. 

That the DA receptor binding technique is capable of measuring the 
blocking activity of metabolites produced in vivo has been demonstrated by 
detailed studies of the influence of a variety of chlorpromazine (CPZ) 
metabolites and derivatives on the binding of 3H-haloperidol to brain 
membranes (Creese et al., 1978b) (tables 2 and 3). The various possible 
hydroxylations of the aromatic rings of CPZ produce interesting patterns of 
differing affinities for DA receptors. 7-Hydroxychlorpromazine (7-0H­
CPZ) is only slightly less potent than CPZ in competing for 3H-haloperidol 
binding, which accords with evidence in animal studies of its neuroleptic 
activity. Blood levels of 7-0H-CPZ are comparable to those of the parent 
drug CPZ and, in some studies, are better predictors of clinical response 
than levels of the parent drug (Sakalis et al., 1973). 3-Hydroxylation 
increases potency, 3-0H-CPZ being about twice as potent as CPZ itself in 
competing for 3H-haloperidol binding. The 3,7-diOH-CPZ derivative is 
similar in potency to CPZ itself. 8-Hydroxylation of CPZ essentially 
abolishes potency. However, addition of a 3-0H group appears to restore 
some activity, while adding a 7-0H group does not improve the activity of 
8-0H-CPZ. Whereas 7-0H-CPZ possesses considerable potency, 7-
methoxy-CPZ is less than 1 percent as potent as CPZ itself and 3,7-
dimethoxy- and 7,8-dimethoxy-CPZ are totally inactive. Chlorpromazine-
5-oxide (CPZ sulfoxide) is inactive in numerous pharmacological screens 
for neuroleptic activity and lacks activity in competing for 3H-haloperidol 
binding. Moreover, CPZ-N-oxide and CPZ-5,N-dioxide are also inactive. 
Removal of one or both of the terminal N-methyl groups of CPZ also 
reduces potency in competing for 3H-haloperidol binding sites. 

Table 2 Dopamine receptor affinity of hydroxylated chlorpromazine metabolites 
and derivatives 

Compound ICso (nM) Relative potency 
(chlorpromazine = 1) 

3,7-Dihydroxychlorpromazine 2.8± 0.2 (4) 2.6 
3-Hydroxychlorpromazine 3.2± 0.2 (5) 2.3 
Chlorpromazine 7.2± 0.8 (11) 1.0 
7 -Hydroxychlorpromazine 10 ± 1 (5) 0.7 
3,8-Dihydroxychlorpromazine 270 ± 40 (4) 0.03 
3,7,8-Trihydroxychlorpromazine 890 ±100 (5) 0.Q1 
8-Hydroxychlorpromazine >1000 (3) <0.Q1 
7,8-Dihydroxychlorpromazine >1000 (3) <0.01 

Rat striatal membranes were incubated in triplicate with 1.5 nM lH -haloperidol 
and three or more concentrations of the compound under study. ICso values were 
determined from log probit plots of the displacement of specific lH-haloperidol 
binding. ICso values are presented as the mean±s.E.M. for the number of experi­
ments noted in parentheses and are the concentration of drug required to inhibit 50 
percent of specific lH-haloperidol binding. (From Creese et at., 1978b.) 
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Table 3 Dopamine receptor affinity of chlorpromazine metabolites and deriva­
tives 

Compound IC50 (nM) Relative potency 
(chlorpromazine = 1) 

3,7 -Dihydroxychlorpromazine 2.8± 0.2 (4) 2.6 
3-Hydroxychlorpromazine 3.2± 0.2 (5) 2.3 
Chlorpromazine 7.2± 0.8 (11) 1.0 
7-Hydroxychlorpromazine 10 ± 1 (5) 0.7 
Desmethylchlorpromazine 20 ± 2 (3) 0.4 
Didesmethylchlorpormazine 71 ± 12 (5) 0.1 
2-CI-1 0-(3-Dimethylamino-2-

hydroxypropyl) phenothiazine 140 ± 10 (4) 0.05 
3,8-Dihydroxychlorpromazine 270 ± 40 (4) 0.03 
3,7,8-Trihydroxychlorpromazine 890 ±100 (5) 0.01 
7 -Methoxychlorpromazine 1000 ±140 (6) <0.Q1 
8-Hydroxychlorpromazine >1000 (3) <0.01 

IC50> 1000 nM-three replications: 7,8-dihydroxychlorpromazine, 2-CI-7,8-
dihydroxy-1 0-(3-dimethylamino-2-hydroxypropyl)phenothiazine, 2-CI-7 ,8-
dioxo-1 0-(3-dimethylamino-2-hydroxylpropyl)phenothiazine, 3-(2-CI-10-
phenothiazinyl)propionic acid, chlorpromazine-5-N-dioxide, chlorpromazine-N­
oxide, chlorpromazine-5-oxide (sulfoxide), desmethyIchlorpromazine-5-oxide, 
didesmethyIchlorpromazine-5-oxide, 3,7 -dimethoxychlorpromazine, 7,8-
dimethoxychlorpromazine, 7,8-dioxochlorpromazine. Experiments were con­
ducted as detailed in table 2. Metabolites with IC50> 1000 nM are considered 
inactive. For example the weak or inactive phenothiazines, promazine and prom­
ethazine, have IC50 values of 140 and 500 nM respectively. (From Creese et al., 
1978b.) 

The DA receptor binding affinities are in good agreement with in vivo 
pharmacological activity. For example, Meltzer et al. (1977) have investi­
gated the effects of CPZ and its metabolites on prolactin levels in rats. 
Neuroleptics increase blood levels of prolactin by blocking a dopaminergic 
inhibitory influence on pituitary prolactin secretion (Clemens etal., 1974). 
In agreement with the receptor affinities found in our binding studies, 
7-0H-CPZ produced increases in plasma prolactin equivalent to those 
produced by CPZ. 8-Hydroxy-CPZ, 7,8-dihydroxy-CPZ, 7-methoxy-CPZ 
and CPZ-5-oxide, which are at least 1 OO-fold weaker than CPZ in displacing 
3H-haloperidol binding, did not alter prolactin levels, even at doses up to 
five times higher than CPZ. 

DEVELOPMENT OF THE NEUROLEPTIC 
RADIORECEPTOR ASSAY 

In this assay (Creese and Snyder, 1977), serum is used without any extrac­
tion or other purification procedure. Minimal interference by serum is 
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apparent from experiments in which 15 JLI of serum in a total assay volume of 
1 ml reduced 3H-haloperidol or 3H-spiperone binding by only 10-15 
percent. Increasing volumes of serum reduced binding linearly with about 
30 percent inhibition occurring with 150 JLI of serum. Small volumes of 
serum reduce both specific and non-specific 3H-ligand binding to similar 
extents, suggesting that serum proteins bind the 3H-ligand, making less 
available for interactions with brain membranes. The degree of inhibition of 
3H-ligand binding by control sera from several laboratory personnel was 
uniform. Specific binding of 3H-haloperidol in the presence of 15 JLI of 
serum from 18 different subjects was 91±1.6 percent (total binding 
2325 ctsmin- I blank with 0.1 mM DA 953 ctsmin- I ) of control values while 
specific 3H -spiperone binding was 85 ± 1.2 percent (total binding 
1264 cts min -I blank with 1 roM dopamine 191 cts min -I) of control for 10 
different subjects. This small degree of variability in inhibition of 3H-ligand 
binding by control sera falls within the error for repeated determinations of 
the same sample. 

Neuroleptic present in a serum sample reduces 3H-ligand binding beyond 
the small reduction attributable to serum alone and the degree of inhibition 
of specific 3H-ligand binding is proportional to the amount of neuroleptic 
present. By constructing a standard curve of inhibition of specific 3H-ligand 
binding by known amounts of the drug the amount present in a serum 
sample can be easily determined. 

This method requires that the presence or absence of neuroleptic in a 
serum sample will not affect the degree of non-specific (blank) 3H-ligand 
binding. In 46 serum samples from patients on neuroleptics, blank 3H_ 
haloperidol binding was 887±6 cts min- I while non-specific binding in the 
presence of five control sera was 894 ± 17 cts min -I. In six patients on 
haloperidol, non-specific 3H-spiroperidol binding was 199±4 cts min- I and 
198±6 cts min- I in the presence of six control serum samples. Thus specific 
binding in the presence of patient sera can be determined by subtracting 
non-specific binding values obtained with control sera from total binding 
with patient sera. The percentage inhibition of specific 3H-ligand binding (in 
the presence of control serum) by the patient serum (containing drugs) is 
then calculated and compared to a standard displacement curve for deter­
mining actual neuroleptic content. 

Up to 90-99 percent of neuroleptics may be bound to blood components 
(Curry, 1970; Forsman and Ohman, 1977). In this assay the neuroleptic 
bound to blood proteins dissociates during the incubation so that total 
neuroleptic levels are measured. In confirmation of this assumption, in one 
experiment 15 nM haloperidol was preincubated for 10 min at 37 DC with 
control serum to allow binding to serum proteins to occur. The serum 
containing haloperidol was then added to a standard binding assay which 
was at equilibrium and it progressively reduced 3H -haloperidol binding with 
increasing durations of incubation, with a maximal lowering by 5-10 min. 
The time course and extent of reduction of binding was the same for 
haloperidol preincubated with serum or simply dissolved in water. The 
maximum percentage lowering of binding was equivalent to that produced 
by 15 nM haloperidol added directly to the assay with no serum present. 
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For the neuroleptic RRA fresh rat striatum was sonicated in 100 volumes 
(w/v) 50 mM Tris buffer, pH 7.7 at 25°C with a Sonifier, setting 4, for 30 s. 
The homogenate was centrifuged twice at 50 OOOgfor 10 min at 4 °C (Sorvall 
RC2-B) with rehomogenization of the intermediate pellet in fresh buffer. 
The final pellet (which may be stored frozen) was resuspended in 125 
volumes, for assays using 3H-haloperidol, or 285 volumes for 3H-spiperone, 
of freshly prepared 50 mM Tris buffer containing 0.1 percent ascorbic acid, 
10 J.LM pargyline, 120 mM NaCl, 5 mM KCI, 2 mM CaCl2 and 1 mM MgCh to 
give a final pH of 7.1 at 37°C. 3H-Haloperidol (15 Ci mmol- I , New England 
Nuclear) or 3H-spiperone (25 Cimmol- I , New England Nuclear or 
Radiochemical Centre, Amersham) was diluted to 10 nM or 1 nM, respec­
tively, in fresh 0.1 percent ascorbic acid. Borosilicate glass, 12 mmx75 mm 
incubation tubes, received, in order, 15-150 J.LI serum (on drug therapy or 
drug-free), 100 J.LI 3H-ligand, 100 J.LI drug for standard curve or DA for 
blanks (10-4 M for 3H-haloperidol and 10-3 M for 3H-spiperone) or the drug 
solvent (0.1 percent ascorbic acid), and tissue suspension to 1 ml total 
volume. Final concentrations of 3H-haloperidol or 3H-spiperone were 1 nM 
and 0.1 nM, respectively. The tubes were incubated at 37°C for 10 min 
eH-haloperidol) or 15 min eH-spiperone) and rapidly filtered under vac­
uum through Whatman GF/B filters with three 5 ml rinses of ice-cold 50 mM 
Tris buffer, pH 7.7 at 25°C. 3H -Ligand trapped on the filters was counted by 
liquid scintillation spectrometry after remaining overnight in scintillation 
vials containing NEN formula 947 fluor (New England Nuclear). A stan­
dard displacement curve for the drug under study was determined in the 
presence of equal volumes of control serum with final concentrations of the 
drug about one-third, three times and the same as its K;. value determined 
previously (Creese et al., 1976). A log-probit plot was used to convert the 
sigmoid displacement curve to a straight line so that percentage inhibition of 
3H -ligand binding can be easily converted to molar drug concentration 
(figure 1). In the presence of serum the ratio of total to non-specific binding 
was about 2.4 for 3H-haloperidol and 6.6 for 3H-spiperone, so that the latter 
is the preferred ligand. Plasma can be used for assays if the KCI, CaCl2 and 
MgCl2 in the buffer are replaced by 5 mM sodium EDT A, which prevents the 
plasma from clotting with the brain homogenate. 

To examine recovery, five neuroleptics were preincubated with serum for 
10 min at 37°C, to provide time for binding to serum proteins, and subse­
quently assayed for neuroleptic levels. Haloperidol, fluphenazine, tri­
fluoperazine, CPZ and thioridazine were all fully recovered in the neurolep­
tic RRA. To examine the recovery of neuroleptics from the blood of patients 
treated in vivo, we measured blood levels in four patients receiving oral 
doses of haloperidol both after extraction into organic solvent (heptane-5 
percent isoamyl alcohol, back extracted into 0.1 percent ascorbic acid) 
which should remove all drug bound to serum protein, and by adding serum 
directly to the binding assay as in the above method. Serum drug levels 
ranged between 10 and 250nM and agreed within a mean of ±10 percent 
whether assays were conducted with or without extraction. 

In general clinical practice, since varying degrees of metabolism of the 
parent compound will have occurred, the neuroleptic serum level of the 
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NEUROLEPTIC CONCENTRATION (M) 

Figure 1 Log-probit plots of neuroleptic inhibition of specific 3H-spiroperidol 
binding to rat striatal membranes. A-A, Thioridazine; 0-0, chlorpromazine; 
0-0, haloperidol; 1:::.-1:::., fluphenazine. (From Creese and Snyder, 1977.) 

patient is determined from the standard displacement curve of inhibition of 
3H-spiperone binding by CPZ and is expressed as 'CPZ equivalents'. For 
example, the neuroleptic serum level of a patient treated with Haldol might 
be 50 ng ml-1 CPZ equivalents; that is the DA receptor blocking activity of 
the serum is equal to that of a serum containing 50 ng ml- J added CPZ. If 
one were to convert this level to haloperidol equivalents, one needs to know 
that the ICso of haloperidol is about sixfold lower than the ICso of chlor­
promazine. Thus 50 ng ml- J CPZ is equivalent to about 8 ng ml- J 

haloperidol. However, one would still need to express the blood level as 
'haloperidol equivalents', because the DA receptor blocking activity could 
be due to both haloperidol and any active metabolites formed in vivo. The 
'equivalent' scale was chosen because the assay does not measure a specific 
neuroleptic in the clinical situation, but rather total DA receptor blocking 
activity. 

The sensitivity of the RRA is largely determined by the potency of a 
neuroleptic to displace 3H-spiperone from its receptor sites. The ICso value, 
or concentration of the drug required to displace 50 percent of the specifical­
ly bound 3H-spiperone, is the crucial value in determining sensitivity. The 
lower the ICso, the greater the sensitivity. The formula relating ICso to 
receptor affinity is ICso= Ki (1 + [L]/ Ko), where Ki is the inhibition constart 
of the receptor binding of the drug, [L] is a concentration of 3H-spiperone 
and Ko is a dissociation constant of 3H-spiperone from its receptor sites. 
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From this formula we can see that two determinants of increased sensitivity 
are (1) a low ~ or high affinity of the displacing drug for the receptor; and 
(2) utilization of a low concentration of 3H-spiperone relative to its K D • The 
assay is sensitive enough to measure the low blood levels of the most potent 
neuroleptics since they have a corresponding higher affinity for DA recep­
tors. Another determinant of sensitivity is the dilution of the serum sample 
which occurs in the assay. Of course the greater the dilution the lower the 
sensitivity. Thus, increasing the volume of the serum sample and decreasing 
the total incubation volume increases sensitivity. However, this is limited 
practically by the extent to which serum can be added without drastically 
disturbing the receptor assay. 

THE WELLCOME® NEUROLEPTIC ASSAY KIT 

The Wellcome Reagents Division of Burroughs Wellcome Company has 
developed a neuroleptic assay kit for potential clinical use (Lader, 1980). 
The kit differs in a number of ways from the laboratory protocol detailed 
above. Calf or bovine caudate tissue is used instead of rat striatum. Further­
more, the receptor-rich tissue is lyophilized for ease of storage and transpor­
tation. For a typical batch of material 40 g of calf caudates are homogenized 
for 30 s in a Silverson homogenizer, Model L2R, in 500 ml, 200 mM phos­
phate buffer, pH 7.4. The ligand, 3H -spiperone, is also added to the tissue 
preparation at 1.9 nmol, diluted into 200 ml phosphate buffer with the final 
volume of the caudate/ligand mixture adjusted to 1250 ml. The resulting 
suspension is mixed on a magnetic stirrer for at least 30 min at room 
temperature before being aliquoted and lyophilized. After reconstitution of 
the dried material with four times the original volume of deionized water, 
the concentration of caudate tissue is 8 mg ml- I and tracer 0.38 pmol ml- I . 

The freeze-dried tissue- tracer mixture is stored at 4 °C; after reconstitution 
it can be stored at 4 °C for up to 2 days or at - 20°C for up to 6 months. A set 
of six freeze-dried standards of 0, 15,30,100,300 and 1000 nM haloperidol 
in serum are also included. The non-specific binding is measured in the 
presence of 100 J.LM haloperidol. The standards are prepared in pooled 
normal human serum so that the neuroleptic content of a serum sample can 
be read directly from the standard curve (which is also conducted in the 
presence of serum). Although this assay presently uses 'haloperidol equival­
ents', it will also be available with the more generally acceptable CPZ 
equivalent standard curve. 

The assay is carried out in 12 mmx55 mm polypropylene tubes (WaIter 
Sarstedt UK). Triplicate tubes are set up for measuring non-specific binding 
in the presence of 100 J.LM haloperidol, total binding, haloperidol standards 
and patient samples. The incubate consists of 100 J.LI standard or sample and 
500 J.Ll reconstituted tissue-tracer mixture. The final concentration of tracer 
in the incubate is 0.3 nM. After mixing, the tubes are incubated in a water 
bath at 37°C for 30 min. Cols saline (2.5 ml at 4 DC) is then added to the 
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tubes which are centrifuged for 20 min at 4°C at not less than 100g. The 
supernatant is decanted by aspiration and the tissue pellets suspended in 
1.5 ml scintillation cocktail before counting by liquid scintillation spec­
trometry. Dopamine blocking activity of drug in serum samples is calculated 
from logit-Iog calibration curves and results expressed as neuroleptic units in 
terms of the haloperidol standards. 

Table 4 shows the relative potencies of various neuroleptics and other 
psychotropic drugs in the Wellcome® Neuroleptic Assay Kit (Lader, 1980). 
As can be seen, the relative potencies of various neuroleptics are very similar 
to those previously demonstrated for fresh or frozen bovine striatal tissue. 
Lyophilization, per se, does not appear to change drastically the receptor 
recognition properties. However, it is apparent that the Wellcome® 
Neuroleptic Assay Kit is somewhat less sensitive than the laboratory pro-

Table 4 Relative potencies of neuroleptic and other psycho­
tropic drugs 

Drug ICso(nM) Potency relative 

Mean S.D. to haloperidol 

Neuroleptics 
Haloperidol (9) 61.9 13.2 100 
Spiroperidol (4) 1.86 0.5 3330 
Fluphenazine (3) 17.5 1.9 357 
Perphenazine (3) 37.5 3.7 164 
Trifluperazine (2) 47.4 6.6 130 
Pimozide (5) 76.3 24.5 81.3 
a-Flupenthixol (4) 148.8 8.0 41.7 
Chlorpromazine (4) 338 81.4 18.3 
~-Flupenthixol (5) 499 151 12.4 
Thioridazine (4) 1361 217 4.5 
Promazine (1) 2357 2.6 
Clozapine (5) 3571 712 1.7 
Reserpine (1) >4285 <1.4 

Tricyclic antidepressants 
Amitriptyline (2) 2072 303 2.2 
Nortriptyline (3) 6048 951 0.94 
Imipramine (1) 4286 1.4 
Desmethyl-

imipramime (2) 6429 0.75 

Miscellaneous drugs 
Metoclopramide (4) 1332 271 4.7 
Methysergide (2) 1286 202 4.4 
Cyclizine (1) 15714 0.4 

ICso values (drug concentration, nM, displacing 50 percent of 
specific binding) were calculated from log-logit dose-response 
curves. Figures in parentheses indicate number of assays. This 
data was derived from assays using 8 mg caudate membranes per 
tube. (From Lader, 1980.) 
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tocol detailed above. The theoretical least concentration of haloperidol 
which can be distinguished from 'zero drug' was 10 nM (4 ng ml- 1). In 
general, if the patient sample produces less than 15 percent inhibition in the 
logit-log dose- response curve, one is close to a 'practical' limit of sensitivity. 
For haloperidol this is equivalent to 7 ng ml- 1• Equivalent doses of other 
neuroleptic drugs at 15 percent inhibition calculated from their potencies 
relative to haloperidol (table 4) were CPZ 105 nM (34 ng ml- 1), thioridazine 
426 nM(170 ng ml- 1), and fluphenazine 5.3 nM (2.7 ng ml- 1). 

Several tricyclic antidepressant drugs tested in the assay produced 
dose-response curves parallel to those of the neuroleptic drugs with poten­
cies similar to some of them (table 4). However, no interference in the assay 
was seen with benzodiazepines or anticholinergic drugs (orphenadrine, 
procyclidine and benzhexol). 

Within assay precision and between assay reproducibility were assessed 
by the inclusion of quality control samples in routine assays. The results are 
summarized in table 5. Precision and reproducibility with the laboratory 
method are better with coefficient of variations approaching 5 percent 
(Rosenblatt et ai., 1980). 

The recovery of haloperidol and thioridazine was investigated and for the 
latter compared with values determined by gas chromatography (GLC). 
Known concentrations of haloperidol were added to pools of human serum 
and EDT A plasma and assayed on three separate occasions. The mean 
recovery of added drug was 93 percent and no significant differences were 
observed between recoveries from serum or plasma. Thioridazine demon-

Table 5 Precision of neuroleptic assay: quality control samples 
(16 assays) 

All values (nU 1-1) 
Values from 0 to 100 
Values from 100 to 250 
Values from 250 to 500 
Values >500 

Coefficient of variation (%) 

Within assay 

16.2 
19.4 
18.2 
12.7 
10.2 

Between assay 

21.3 
28.0 
19.1 

19.0 

Between assay reproducibility: results for individual quality con­
trol samples (16 assays) 

Control serum Mean content S.D. Coefficient of variation (%) 
(nU 1-1) 

1 125.6 23.5 18.7 
2 591.4 105.4 17.8 
3 42.3 11.8 28.0 
4 161.4 31.4 19.5 
5 502.6 99.8 19.9 
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strated recoveries in the range of 95-105 percent while recoveries as 
measured by GLC ranged from 88 to 110 percent. 

A more complete comparison of the neuroleptic assay kit's determination 
of serum haloperidol levels and haloperidol serum levels measured by RIA 
was undertaken (haloperidol tracer and antiserum from IRE, Belgium). 
Sixty-six plasma samples from patients treated with haloperidol as the only 
neuroleptic drug were compared in the two assays using haloperidol in 
human serum as a standard for both. The correlation between the two 
methods was good (r=0.75, figure 2) but the slope of the regression line was 
0.64, indicating that the values for the RRA were only two-thirds those of 
the RIA. This finding suggests that the unidentified metabolite mentioned in 
the product insert accompanying the RIA kit may be involved in the 
differences observed in the assay values, the compound being more im­
munologically than pharmacologically active. The two assays were further 
compared by measuring samples in which haloperidol alone was added to 
normal serum. There was excellent agreement between the two methods 
and recovery of added drug was close to 100 percent (table 6). 

In conducting these studies it became clear that eIther serum or plasma 
(heparin or EDTA) may be used in the assays (table 7). Blood may be 
collected into glass or plastic syringes and transferred to glass or plastic 
tubes. Alternatively, samples may be collected into Royal Blue-stoppered 
Vacutainer® tubes (Becton Dickinson, plain or heparin). The use of other 
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Figure 2 Correlation between radioimmunoassay and radioreceptor assay for 
haloperidol in clinical samples. Each point represents an individual serum sample 
from different patients. (From Lader, 1980.) 
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Table 6 Comparison of radioimmunoassay and 
radioreceptor assay for haloperidol added to serum 
in vitro 

Assayed value (nmoll- I ) 

Expected value 
(nmoll- I ) RIA RRA 

134 132 142 
107 116 116 
100 123 120 
60 67 55 
54 56 59 
45 47 39 
27 26 26 

Zero 2 3 

Overall percent 107 102 
recovery 

r=0.991; p<O.OOOI; slope 1.032; intercept -3.3. 

Table 7 Recovery of haloperidol added to serum and plasma pools 

Expected value (nM) Assayed value (nM) 

Serum EDTA plasma 

n Mean S.D. n Mean S.D. p 

300 24 255 76 24 281 83 1.17 0.25 
150 24 144 45 24 149 57 0.37 0.71 
75 24 60.9 27 6 76.8 7.4 1.06 0.3 

n= number of replicate determinations. 

93 

Mean 

recovery (%) 

89 
98 
92 

Vacutainer tubes must be avoided (Patzke et al., 1980) as the plasticizer Tris 
(2-butoxyethyl) phosphate causes aberrant assay values, as has been ob­
served in other systems (Fremstad and Bergerud, 1976; Brunswick and 
Mendels, 1977). Table 8 demonstrates that the Blue top serum tubes 
produce equivalent specific binding to the control glass syringe. Red top 
tubes consistently yield a higher value for the number of counts per minute 
bound and higher specific binding. The plasma samples collected into Green 
and Lavender tubes consistently also had higher binding of 3H-spiperone 
than Blue top plasma tubes (table 8). It thus appears that the plasticizer 
component of the Red, Green and Lavender stoppers increases the binding 
of 3H-spiperone for receptors in the presence of serum, probably by 
decreasing serum protein binding of the 3H-ligand. 

In preliminary studies it has also proved possible to use the RRA to 
measure neuroleptic activity in both urine and saliva samples from patients 
receiving therapeutic doses. 
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Table 8 Assay of normal human sera and plasma using the Wellcome Neuroleptic 
Assay Kit 

Collection system 

Blue top Blue top Red top Glass Lavender Green 
serum plasma serum serum top plasma plasma 

Additive 
Mean specific binding 
S.D. 

None 
20.98 

1.43 

CLINICAL STUDIES 

Heparin 
22.26 

1.54 

None 
23.5 

1.95 

None 
20.39 

1.56 

EDTA 
27.18 

0.81 

Heparin 
26.46 

1.96 

Results are promising in the few clinical studies which have been conducted 
to date using the neuroleptic RRA. It is apparent that whereas neuroleptic 
dosage does not correlate with clinical efficacy, as has been previously 
demonstrated, blood levels of neuroleptic drug activity as determined by the 
RRA do correlate with clinical effects. In one study (Calil et al., 1979) it 
was demonstrated that serum concentrations of haloperidol were related to 
the Brief Psychiatric Rating Scale (BPRS) total pathology score as well as 
the BPRS factor scores for thinking disturbance and paranoid disturbance 
(table 9). In this study serum concentrations of haloperidol were not 
different among patients with or without the presence of extrapyramidal 
symptoms or among patients receiving or not receiving concurrent anti­
Parkinson medication (table 10). In another study (Rosenblatt et al., 1980) 
it was demonstrated that co-treatment with benztropine mesylate led to 
lower total serum concentrations of neuroleptic activity. However, in 

Table 9 Analysis of variance, general linear model, haloperidol group 

Serum concentration of haloperidol versus 
Age 
Sex 

Total BPRS scores versus 
Serum concentration 
Treatment duration 
Age 
Weight 

Serum concentrations of haloperidol versus BPRS factors 
Thinking disturbance 
Psychomotor disturbance 
Paranoid disturbance 
Depressive disturbance 

From Calil etal. (1979). 

F=2.91 
F=O.36 

F=4.77 
F=0.50 
F=0.33 
F=O.03 

F=7.51 
F=O.06 
F=9.29 
F=3.46 

p=O.l1 
p=O.55 

p=O.05 
p=0.49 
p=O.58 
p=O.87 

p=O.02 
p=O.81 
p=O.Ol 
p=O.09 
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Table 10 Haloperidol serum concentration 

Serum concentrations 

Variable N Mean S.E.M. Min. value Max. value 

EPS* 
Present 7 139.1t 
Absent 10 80.4 
Unknown 5 83.2 

Anticholinergic:j: 
Yes 17 90.9t 
No 5 131.0 

* EPS=extrapyramidal symptoms. 
t Student's ttest, not significant. 

53.1 0 
29.8 0 
35.0 0 

25.2 0 
54.8 0 

:j: Anticholinergic =concomitant treatment with anticholinergic drugs. 
From Ca\il et al. (1979). 

399.0 
261.0 
202.0 

399.0 
261.0 

another study where the same patients were followed on and off an­
ticholinergic medication, no change in blood level of neuroleptic was 
apparent (Burnett et al., 1980). 

Wyatt's group has reported two intriguing preliminary findings. In one 
series of experiments, patients who had tardive dyskinesia exhibited about 
fivefold higher blood levels of neuroleptic activity than a control group 
whose daily dose of neuroleptic was matched in terms of milligram equival­
ents of CPZ (Jeste et al., 1979). This preliminary finding suggests that a high 
serum concentration of neuroleptic may contribute to the pathophysiology 
of tardive dyskinesia in at least a subgroup of patients. In another study, 
Wyatt's colleagues demonstrated that older patients (greater than 45 years 
of age), although receiving about a fourth of the daily neuroleptic dose of 
patients younger than 45 years of age, exhibited higher blood levels of 
neuroleptic activity (table 11, Rosenblatt et al., 1980). This finding would, 
therefore, lend pharmacological support to the 'conventional clinical wis­
dom' that older patients require lower doses for optimal therapeutic re­
sponse. Also, these findings raise a question of whether the greater frequen-

Table 11 Neuroleptic daily dosage and serum concentration of 
patients grouped by age 

Daily dose 
Age N (mgCPZ-E) 

<45 12 1407±149 
45-60 6 436±121* 
>60 8 350±118* 

*p<0.05 compared to patients <45. 
From Rosenblatt et al. (1980). 

Serum concentration 
(ng ml- ' CPZ-E) 

243±42 
350±231 
343±153 
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cy of confusional states and tardive dyskinesia in elderly patients treated 
with neuroleptic results in part from high serum neuroleptic concentrations 
rather than age-related changes in the CNS. If this is the case, measurement 
of· serum neuroleptic concentrations may have value in the prophylactic 
treatment of elderly psychotic patients. 

A detailed study of serum neuroleptic levels in 30 schizophrenic patients 
receiving one of six different neuroleptics was undertaken (Tune et aI., 
1980a). Their clinical state was monitored with an abbreviated version of 
the Present State Examination (mini-PSE). There was a significant correla­
tion between serum levels of neuroleptics and clinical status as monitored by 
the mini-PSE score (figure 3). Of the 13 patients with serum levels less than 
50 ng ml- I CPZ equivalents, eight had mini-PSE scores greater than 4, 
indicating considerable schizophrenic psychopathology. Three out of the 
nine patients with blood levels between 50 and 100 ng ml- I also had 
mini-PSE scores greater than 4. Strikingly, none of the eight patients with 
blood levels between 100 and 200 ng ml- I had mini-PSE scores greater than 
4. The three different groups of patients (0-50, 50-100,100-200 ng ml- I ) 

did not differ in duration of present illness prior to hospitalization, number 
of previous psychotic episodes and hospitalizations, or intervals between 
admission and blood collection for neuroleptic assay. These differences 
between groups were significant (p<0.02). Eighteen of the 30 patients were 
receiving haloperidol. There was no correlation between the absolute 
milligram dosage of haloperidol and PSE scores. Thus, neuroleptic serum 
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levels were significantly correlated with clinical response as monitored by 
the PSE. By contrast, drug dosage did not predict clinical response. 
Moreover, dosage and blood levels of the neuroleptics were not significantly 
correlated. 

In another study (Tune et al., 1980b), patients who received injections of 
fluphenazine decanoate ranging from 10 to 75 mg were monitored for serum 
levels of fluphenazine. RRA levels detected were between 1 and 30 ng ml- 1 

CPZ equivalents (0.1-3 ng ml- 1 absolute concentration of fluphenazine) 
(figure 4). This study indicated the feasibility of monitoring fluphenazine 
blood levels of patients who have been treated with fluphenazine decanoate, 
utilizing the laboratory RRA. Serum levels after fluphenazine decanoate 
treatment were more stable than serum levels of neuroleptics following daily 
treatment with oral medication. The extraordinary low levels of 
fluphenazine following administration of its decanoate reported by chemical 
assay previously (Curry et aI., 1978) might suggest that the therapeutically 
active agent is a metabolite. The present RRA demonstrates that this is not 
the case. How could such extraordinary low blood levels exhibit therapeutic 
responses? At present the best suggestion is that the constant low plasma 
levels occurring during fluphenazine decanoate treatment might be ade­
quate for prophylaxis in these stabilized patients. According to this concept, 
adequate blood levels of neuroleptics, to maintain prophylaxis in stabilized 
patients may be substantially lower than levels required for inducing remis­
sion in acutely psychotic patients. Alternatively, the transient rise in 
fluphenazine levels within the first 3 days of injection (Curry et al., 1978) 
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may suffice to protect against relapse, despite the subsequent extremely low 
blood levels. 

The unusually high blood levels of thioridazine and low levels of 
fluphenazine from depot injections suggests that results obtained from the 
RRA may have to be standardized for each drug (Cohen et aI., 1980). 
However, the study of Tune et al. (1980a) suggests that other neuroleptics 
might have similar therapeutic windows when blood levels are expressed in 
CPZ equivalents from the RRA. More clinical studies are required before a 
conclusion can be reached. 

PLASMA PROTEIN BINDING AND THERAPEUTIC 
ACTIVITY 

High proportions of total plasma neuroleptic content are bound to plasma 
proteins. For CPZ the percentage of drug bound to plasma protein can range 
between 90 and 99 percent in different individuals, so that with identical 
total plasma levels of the drug the concentration of free CPZ can vary 
tenfold (Curry, 1970). Recently McDevitt et al. (1976) showed that the 
extent of clinically evident ~-noradrenergic receptor blockade elicited by 
the ~-blocking drug propranolol did not correlate with total plasma levels of 
propranolol, was only modestly related to red cell levels of the drug, but 
closely paralleled free levels of propranolol in patient plasma. These find­
ings confirm the supposition that only the free drug is available to target 
organs such as the heart or brain. In the RRA, as has been described above, 
all plasma-bound drug dissociates in the assay procedure owing to the serum 
dilution and the higher affinity of DA receptors for the drug compared to the 
protein binding sites. 

Perhaps measuring total blood levels of neuroleptic activity may not be 
the most efficacious indicator of clinical response. Recently, we measured 
the amounts of free versus bound drug for a number of neuroleptics and 
their metabolites by dialyzing plasma samples against normal saline (Freed­
berg et al., 1979). The percentage of free neuroleptic varies with concentra­
tion for certain of the drugs (figure 5, table 12). Thus with CPZ at respective 
concentrations of 8, 80 and 400 J.LM the free levels are 0.13, 0.24 and 0.79 
percent. This pattern is also evident with cis-thiothixene and mesoridazine, 
somewhat less with thioridazine and promazine and not apparent for 
7 -OH -CPZ. The percentage of free drug at the lowest plasma concentration 
is probably most relevant to therapeutic practice, since therapeutic total 
plasma levels of CPZ (0.1-1.0 J.LM) are less than the lowest concentration of 
CPZ examined here. At 8 J.LM only about 0.13 percent of plasma CPZ is free, 
while more than 10 times as much 7-0H-CPZ is free. Even at the highest 
concentration examined, 400 J.LM, more than twice as much 7-0H-CPZ is 
free compared to CPZ. 
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Figure 5 Plasma neuroleptics not bound to plasma protein (free). Fresh human 
plasma samples were incubated with neuroleptics, dialyzed, and bound and free drug 
concentration assayed as described in the text. Each point represents the mean value 
of triplicate assays from a separate human volunteer. Short horizontal bars indicate 
the means of the samples for each total drug concentration. Drug abbreviations are 
the same as in Table 12. (From Freedberg et al., 1979.) 

After chronic CPZ treatment, total plasma levels of 7-0H-CPZ are 
reported to be 20-120 percent of the CPZ levels (MacKay et al., 1974; 
Phillipson et al., 1977; Sakalis et al., 1977; Alfredsson et al., 1976). 
Assuming that the percentage of free drug at therapeutic doses corresponds 
to the values we obtained at 8 J,LM, then free 7-0H-CPZ will be two to 12 
times the levels of CPZ. Thus after chronic treatment with CPZ the 
metabolite, 7-0H-CPZ, may be responsible for therapeutic effects, al­
though with acute treatment with very low levels of 7-0H-CPZ, the parent 
drug may be the primary active agent. These observations may explain the 
better correlation of 7-0H-CPZ rather than CPZ plasma level with 
therapeutic response. 
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Mesoridazine, a metabolite of thioridazine, has about the same potency as 
the parent drug in blocking DA receptors and, after therapeutic doses of 
thioridazine, total plasma levels of mesoridazine are similar to those of 
thioridazine. At all free concentrations examined the percentage of free 
mesoridazine exceeds that of thioridazine by 50-100 times, confirming the 
findings of Nyberg et al. (1978), suggesting that during thioridazine treat­
ment, mesoridazine is the major therapeutically active agent. Thus free 
levels of neuroleptic and active metabolites may provide better predictors of 
clinical responses than total plasma levels of parent drugs assayed in earlier 
studies. This is currently under investigation. 

CONCLUSION 

The development of the neuroleptic blood level RRA should greatly aid in 
the studies of the pharmacokinetics of neuroleptic drugs. The assay is both 
simple and inexpensive and has a large analytical capacity. Between one and 
two hundred samples can easily be assayed in a day. Recent studies suggest 
that the RRA may have great clinical utility in (1) ascertaining patient 
compliance, (2) determining if non-responders have adequate blood revels 
of a drug, (3) determining therapeutic windows, and (4) ensuring that 
patients (especially the elderly) are not over-medicated. Its use is likely to 
improve the present pharmacological management of schizophrenics. 
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Radioreceptor binding technique as aid in 
treatment with neuroleptics 

Anders Forsman 
(University of Gothenburg, Lillhagen's Hospital, Psychiatric Department 

III, S-422 03 Hisings Backa, Sweden) 

INTRODUCTION 

In all medicinal treatment efforts must be made to find the optimal dose for 
each patient separately. Both therapeutic effects and adverse effects may 
occur at doses differing widely from one individual to another. Furthermore, 
the use of a given dose of a drug may perhaps result in the blood concentra­
tion of the drug being anything up to 30 times higher in one patient than in 
another (Hammer and Sjoqvist, 1967; Forsman and Ohman, 1975; Axels­
son and MArtensson, 1976). It is possible to ascertain the optimal dosage 
level or range of several drugs, that is the dose producing a maximum effect 
with a minimum of side effects. By adjusting the dose of a drug according to 
its concentration in the serum, for example, it has proved possible to 
improve the effect of the drug and to minimize its side effects. But it has so 
far not been possible to establish a generally applicable concentration range 
for neuroleptics. This failure has been ascribed, first, to the fact that most 
neuroleptics are transformed to a series of active metabolites. One can 
therefore not a priori expect the clinical picture to vary solely with the blood 
concentration of the drug, which is only one of the active substances. 
Second, it has become increasingly clear that the response to a given 
concentration can vary from one patient to another. As far as neuroleptics 
are concerned, this variation may be due to a probably genetic variation of 
the susceptibility of the dopamine (DA) system. It might also be explained 
by differences in pathogenesis of apparently similar conditions requiring 
different doses of the drug. For example, the term schizophrenia does not 
designate any particular disease, but rather a group of mental illnesses with 
similar clinical pictures. 

Solution of the two above-mentioned problems, namely active metabo­
lites and interindividual variation of response to a given dose, requires 
accurate measuring methods. Efforts must be made to secure a measure of 
the available DA receptor blocking activity in a given case and, second, an 
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indicator of the response of the individual patient to such activity. 
This paper surveys some recent advances in clinically applicable 

psychopharmacology in the hope that it may serve as a guide for psychiatrists 
interested in the treatment of psychoses. 

MEASURING METHODS 

Thanks to the quick strides made in the technical development of analytical 
methods in the last decade, it is now possible to measure the blood 
concentration of neuroleptics used in ordinary doses. The extremely precise 
methods now available for detecting and measuring even very low concent­
rations of drugs are listed below: 

Measuring methods 

Mass spectrometry (MS) 
High performance liquid 

chromatography (HPLC) 
Gas-liquid chromatography 

(GLC) 

Radioimmunologic assay (RIA) 

Radioreceptor assay (RRA) 

Properties 

Chemically specific and very sen­
sitive methods. Relatively low 
analytic capacity. Expensive. 

Sensitive but somewhat uncertain 
concerning chemical specificity. 
Very high analytical capacity. In­
expensive. 

Chemically non-specific but 
pharmacologically specific. 
Measures DA receptor blocking 
potential. Good analytical capac­
ity. Inexpensive. 

Without the high specificity and sensitivity of the above methods, advanced 
pharmacokinetic research would not have been possible. However, the use 
of the chromatographic methods requires expensive equipment and highly 
educated and experienced personnel. This, together with their low analytical 
capacity, has limited ~heir clinical use. But the RIA technique is very 
sensitive and at the same time has a high analytical capacity. However, in 
many situations it is not possible to be sure about its specificity. In other 
words, one is sometimes not certain whether one is measuring only the 
parent substance; metabolites and other drugs can interfere with the assay. 
Such interaction between the parent substance and metabolites need not 
depend on the pharmacologic activity of the metabolites. 

In several respects, the RRA resembles the RIA assay. It uses DA 
receptors with specific affinity for neuroleptics instead of antibodies. The 
method is very sensitive and has a high analytical capacity, but, like the RIA, 
it is chemically non-specific. Yet it may be regarded as pharmacologically 
specific in that when ptoperly performed it measures mainly DA receptor 
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blocking substance regardless of whether it is the actual drug used or an 
active metabolite or any other drug given at the same time. The method thus 
copies part of the reaction pattern in the brain and it is therefore not even 
necessary td know all the active metabolites. It is thus possible to ascertain 
the combined effect of all drugs given and their metabolites without deter­
mining the concentration of each substance separately. The RRA should 
therefore find wide clinical use for determining the neuroleptic activity in a 
given patient. 

RADIORECEPTOR ASSAY AND PHARMACODYNAMICS 

The RRA was developed by Snyder's group in Baltimore (Creese and 
Snyder, 1977). It may provide somewhat higher concentration values than a 
chemically specific method such as gas chromatography. This is due to the 
fact that RRA determines all active substances, which would be one of the 
advantages in clinical applications. 

Even if RRA determine the total DA receptor blocking activity in serum, 
they alone cannot predict the individual reaction to this activity. Therefore 
an individual measure of the effect in each separate patient is needed. The 
effect of a drug can be objectively assessed by determination of acid 
transmitter metabolites in the cerebrospinal fluid (Fyro et aI., 1974), 
quantitative EEG (Fink, 1978), or measurement of the prolactin concentra­
tion in serum (Ohman and Axelsson, 1978). At present interest is focused 
on the serum level of prolactin, which may reflect DA receptor blockade in 
the brain (Axelsson et al., 1980). 

CLINICAL STUDY 

Application of RRA is briefly exemplified below with a clinical study. The 
clinical material consisted of 14 chronic schizophrenic men and women 
requiring high doses of neuroleptics. After receiving haloperidol alone in 
doses varying from 40 to 180 mg (mean 117 mg), a venous blood sample was 
drawn in the morning before the first dose of drug. The concentration of 
haloperidol and that of reduced haloperidol (a metabolite; Forsman and 
Larsson, 1978; Forsman et al., 1980) were determined by a high perfor­
mance liquid chromatographic method (HPLC), and the DA receptor 
blocking activity in serum was determined by means of RRA. Altogether 48 
serum samples from 14 patients were analyzed in duplicate with each 
technique. The mean of the total concentration of haloperidol in serum was 
61 ng ml-1 (HPLC) and the receptor blocking activity in serum corres­
ponded to a haloperidol concentration of70 ng ml- 1 (RRA). The coefficient 
of correlation between the two methods was 0.8. The mean concentration of 
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reduced haloperidol as determined by HPLC was about 10 percent higher 
than that of haloperidol itself. 

In a very recent study in vitro (to be pUblished) the DA receptor blocking 
potential of reduced haloperidol was examined. It proved virtually inert in 
this respect and thus presumably without any appreciable neuroleptic 
activity. Reduced haloperidol reportedly raised the prolactin level in both 
animals and man (Hays et aI., 1980). This might be due to oxidation of 
reduced haloperidol back to haloperidol in vivo. 

The higher concentration measured by RRA could thus not be explained 
by known active metabolites of haloperidol. The intake of medication by the 
patients during the trial was therefore rechecked and it was found that, 
contrary to instructions given before the study, some patients had also 
received other drugs during the study period. These consisted mainly of 
levomepromazine (Nozinan®) at bedtime. Fourteen test values in three such 
patients were then excluded and the mean concentration, as measured by 
HPLC, was then, on average, 57 ng ml- I . The corresponding value for the 
RRA was 55 ng ml- I . The correlation coefficient was 0.9. This extremely 
close correlation argues strongly against the occurrence of neuroleptic active 
metabolites of haloperidol. 

CONCLUSIONS 

(1) RRA measures the DA receptor blocking potential in serum regard­
less of the chemical substance responsible for the blocking effect. The 
method is thus pharmacologically, though not chemically, specific. 
The method measures the total effect of active metabolites as well as 
that of any other drugs administered and thereby gives the clinician an 
increased choice of therapeutic preparations without sacrificing the 
possibility of performing adequate serum determinations. It may 
prove advantageous to add a further step in the procedure to deter­
mine the dopaminergic blocking activity corresponding to the free 
fraction of drug and metabolites. 

(2) RRA cannot replace determination of the response of an individual 
patient to a given available DA receptor blocking activity. Prolactin 
can, perhaps, be used as such a pharmacologic marker. 

(3) Apparently well-controlled patients in hospitals may sometimes re­
ceive drugs other than those prescribed. Chemically specific measur­
ing methods do not alone reveal such supplementary medication. It 
therefore appears that the additional use of a pharmacologically 
specific technique such as RRA can offer the clinician certain advan­
tages. 
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INTRODUCTION 

The measurement of neuroleptic activity in the plasma of patients by 
radioreceptor assay (RRA) was introduced by Creese and Snyder in 1977. It 
is based on an action common to these compounds, their ability to bind to 
dopamine (DA) receptors in the brain. The relative potency of neuroleptics 
in producing this effect has been shown to correlate significantly with their 
pharmacological potency as gauged by behavioral experiments in animals 
and their effective clinical doses in man (Creese et al. 1976; Seeman et al. 
1976). A considerable practical advantage is that any drug having this action 
and its active metabolites can be measured by a single technique. 

In order to make this technique more widely available to psychiatrists 
outside research centers, with less specialized laboratories, a simplified 
version of the RRA has been developed (Lader, 1980). This report de­
scribes the performance of the modified method in our laboratory both in 
the measurement of known concentrations of neurolep!ics in plasma and in 
the assay of unknown specimens from patients receiving haloperidol treat­
ment or a fluphenazine depot preparation. 

Concentrations of neuroleptic activity obtained by RRA are compared 
with analyses made in the same samples using gas-liquid chromatography 
(GLC) and radioimmunoassay (RIA). Prolactin levels, also determined in 
the same samples, served as a guide to DA antagonism in vivo. 

Here we focus on the estimation of mUltiple blood samples taken from 
comparatively few individuals in circumstances when the plasma drug level 
could be expected to be stable or changing in a predictable way. 
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METHODS 

Analytical techniques 

Figures for precision apply throughout the range of concentrations quoted in 
the results. 

Radioreceptor assay (RRA) (Lader, 1980) 

Materials kindly supplied by Dr S. Lader, Wellcome Reagents Ltd, Beck­
enham, Kent, UK. Precision (CV): intra-assay, ±15 percent; inter-assay, 
± 25 percent. 

Haloperidol. GLC(Forsman and Ohman, 1974; modified by Franklin, 
1980) 

Precision (CV): intra-assay, ±5 percent; inter-assay±12 percent. 

Haloperidol. RIA (Michiels et a1., 1976) 

Materials supplied by IRE, Fleurus, Belgium. Precision (CV): intra- and 
inter-assay, ±10 percent. 

Fluphenazine (FPZ). RIA (Wiles and Franklin, 1978) 

Precision (CV): intra-assay, ±10 percent; inter-assay, ±12.5 percent. 

Prolactin (PRL). RIA (McNeilly and Hagen, 1974) 

PRL standard MRC 75/504, results are expressed as International Units 
(IU) per liter. 1 IU I-I is equivalent to 24 ng ml- I NIAMDD PRL standard 
VLS H3. Precision (CV): intra-assay, ±8 percent; inter-assay, ±10 percent. 

Blood specimens 

Venous blood was taken into lithium heparin, plasma was separated by 
centrifugation and stored at - 20°C until assayed. Samples were exposed to 
light for the minimum time possible but they were frozen and thawed several 
times between the various assay procedures. 
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Subjects, drug dosage, blood sampling 

Haloperidol 

Five subjects (two women, three men) chronic schizophrenics (duration of 
illness> 10 years} having residual symptoms. The dose was adjusted 
between 10 and 100 mg per day until an optimum was reached. Blood 
samples were taken at weekly intervals before and 2 h after the morning 
dose. The study period lasted 21 weeks in four patients and 8 weeks in one 
patient. 

Fluphenazine decanoate 

Six subjects (two women, four men) with chronic psychosis. Fixed doses of 
between 25 and 100 mg given at intervals of between 2 and 5 weeks had 
been established 6 months or longer. 11-21 blood samples were taken from 
each subject: several over the first 8 h post-injection and the remainder 
evenly spaced throughout an interval between injections. 

Fluphenazine enanthate 

Five subjects (all men) with a diagnosis of schizophrenia. Duration of illness 
- several years. They were studied during two 4-week periods of treatment 
with a 'low dose' (12.5 mg per week) and a 'high dose' (250 mg per week) of 
fluphenazine enanthate. (For more details see Dencker et al., 1978.) Blood 
samples were taken weekly just before drug injection and daily during the 
first and fourth weeks of observation on each dose, when additional samples 
were also obtained at -!-, 1, 2 and 4 h post-injection. 

RESULTS AND DISCUSSION 

The radioreceptor assay 

Binding characteristics 

The percentage binding of 3H -spiperone to calf caudate tissue in the absence 
of unlabeled drug was 26.4± 1.5 (S.D.); N=20 assays. 'Non-specific' binding 
measured in the presence of excess unlabeled haloperidol was 7.4±0.7 
percent. The proportion of 0.19 pmol 3H-spiperone specifically associated 
with DA receptors was thus approximately 74 percent. 
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Specificity 

The potencies of a number of neuroleptics and related compounds relative 
to haloperidol calculated from ICso values are shown in table 1. They were 
found using solutions of these compounds in plasma; in general they follow 
the expected order of potency. Clinically inactive p-flupenthixol has about 
10 percent of the activity of a a-flupenthixol. 7-0H-FPZ was more active 
than chlorpromazine (CPZ), 7-0H-CPZ also possessed some activity. The 
sulfoxides were inactive. An unexpected finding was that FPZ, enanthate 
was apparently more potent than haloperidol; however, preliminary experi­
ments suggest that this was due to hydrolysis of the ester during incubation 
with the caudate homogenate to release fluphenazine. The decanoate was 
also affected in this way. 

Table 1 Relative potencies of some neuroleptics and related compounds in the 
radioreceptor assay (RRA) 

Compound ICso (nM) CV No. Potency relative to 
samples haloperidol 

Spiperone 8.17 9.3 3 2093 
Fluphenazine 48 10.4 7 356 
a-Flupenthixol 100.7 2 170 
FPZ-enanthate 101.4 2.7 3 168 
Pimozide 143.5 2 119 
Haloperidol 171 10.5 4 100 
Trifluoperazine 203 5.4 3 84 
7 -0 H -Fluphenazine 315 16.1 3 54 
Chlorpromazine 414 1-7.09 4 41 
FPZ-decanoate 912 2.6 4 19 
7 -OH -Chlorpromazine 1057 3.3 3 16 
~-Flupenthixol 1184.8 1 14 
Thioridazine 1278 1 13 

Inactive: fluphenazine sulfoxide, chlorpromazine sulfoxide. 

Sensitirity 

The lowest concentration of a drug in plasma which could be reliably 
measured (within the limits of precision quoted above) was that concentra­
tion producing a 20 percent decline in specific binding (IC2o). IC20 values for 
a number of commonly used neuroleptics are given in table 2. Although 
these IC20 values appear too high for the RRA to be used for routine drug 
measurement in subjects receiving conventional doses, drug concentrations 
obtained by RRA are invariably far higher than those found using GLC, 
which detects only the parent drug. 
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Table 2 Radioreceptor assay - lower limits 
of detection 

Compound 

Fluphenazine 
a-Flupenthixol 
Haloperidol 
Trifluoperazine 
Chlorpromazine 
Pimozide 

IC20 (ng ml- I ) 

Mean S.D. 

5.0±O.6 
1O.3±2.5 
16.0±2.4 
16.7±O.6 
22.7±4.0 
24.5±8.1 

N 

3 
2 
4 
3 
4 
3 

Analysis of samples from patients 

Haloperidol 

Comparison ofdmg levels obtained by RRA, RIA and GLC. 
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Haloperidol measurements (mean±s.D.) made using three techniques in 
samples from five subjects are shown in figure 1. The rank order of drug 

Subject no. 2 3 4 5 

Dose range (20-50) (lO-HlO) (30-80) (20-50) (10-20) 
(mgt day) 
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Figure 1 Haloperidol concentrations (mean±s.o.) in five subjects as measured by 
GLC, RIA and RRA. 
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concentrations by the three methods was RRA> RIA> GLC. This suggests 
that an active metabolite of haloperidol exists. The ratio of haloperidol 
concentration by RRA/GLC-determined levels was as great as 10 in indi­
vidual samples and it varied from x 5 to x 9 within subjects. The ranges of 
haloperidol levels by RIA and RRA overlapped. An RIA using the same 
antiserum has previously been reported to give haloperidol values greater 
than those found by GLC (Van den Eeckhout et al.). Haloperidol determi­
nations by RRA correlated significantly (P<0.01 to <0.001) with GLC in 
only one subject but with RIA in three out of five subjects. GLC and RIA 
determinations also correlated significantly in only one subject. 

Relationship to dose 
Haloperidol levels by RRA versus daily dose are shown in figure 2 for one 
subject. Note the wide range of drug levels at any particular dose. A 
significant correlation was found between dose and drug level by RRA for 
the 2 h post-dose specimens. Dose and plasma drug concentration corre­
lated most strongly in the 2 h post-medication specimens (table 3) being 
significant for GLC in two, for RRA in three, and for RIA in five subjects. 
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Figure 2 Plasma neuroleptic activity measured by RRA in one subject receiving 
haloperidol plotted against daily dose. Before morning dose (e), r=0.5; 2 h after 
morning dose (6), r=O.72. 

Relationship to prolactin levels 
Numbers of significant correlations between plasma PRL and drug levels by 
the three methods followed the same rank order as for dose, that is GLC 
none out of five; RRA two out of five; RIA three out of five subjects. This 
may be seen as further evidence that both RIA and RRA are responding to a 
pharmacologically active metabolite of haloperidol, undetected by GLC. 



A Calf Caudate RRA for Neuroleptics 

Table 3 Correlation between daily dose and plasma 
haloperidol level determined by three methods in 2 h post­
medication samples 

Correlation coefficient 

Subject Dose range RRA GLC RIA N 
(mgperday) 

1 20-50 0.3 0.2 0.8** 14 
2 10-100 0.7** 0.8** 0.8** 19 
3 30-80 0.0 0.2 0.9** 14 
4 20-50 0.8** 0.7* 0.8** 13 
5 10-20 0.9* 0.7 0.9* 8 

*p<0.01; **p<O.OO1. 

Fluphenazine 

Comparison of drug levels by RRA and RIA in subjects receiving FPZ 
decanoate at fixed doses 
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Plasma drug levels by RRA were measurable in all samples. Average RRA 
levels for an interval between injections were higher than those found by 
RIA (table 4). The initial post-injection peak consistently obtained by RIA 
(Wiles and Gelder, 1979) was absent (figure 3). The RRA response clearly 
includes either a molecule or an activity not picked up by the RIA. It is 
tempting to suggest that hydrolysis of the decanoate present in the plasma 
sample occurs in the RIA, but no evidence of circulating FPZ decanoate in 
plasma of patients has hitherto been found (see, for example, Curry et aI., 
1979). There was no correlation within subjects between FPZ levels ob­
tained by the two methods. This could be explained by the generally rather 
narrow range of drug levels found during fixed dose depot treatment. There 

Table 4 Plasma drug levels determined by RRA and RIA and their correlation 
during treatment with FPZ decanoate at fixed doses 

RRA RIA Correlation 
Dose Mean Mean coefficient, 

Subject (mgwk- 1) (ng ml- 1) CV(%) (ngmIZWI) CV(%) r 

1 50 24.8 41.6 19.7 23.0 0.14 
2 50 51.1 26.5 9.4 27.4 0.46 
3 37.5 162.4 83.4 16.2 32.6 0.17 
4 6.3 11.9 14.2 4.2 72.5 -0.43 
5 6.3 11.7 44.9 3.3 54.2 -0.31 
6 5 10.4 29.4 1.4 115.4 0.12 
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Figure 3 Plasma prolactin and drug levels by RIA and RRA during one interval 
between regular injections of FPZ decanoate (25 mg) given every four weeks in a 
male subject. 

is a discrepancy between FPZ levels found in subjects receiving FPZ 
decanoate measured by this modified RRA and those published recently by 
Tune et al. (1980) who used the original rat caudate method of Creese and 
Snyder (1977). Levels obtained by the Lader method are about 20 times 
greater, suggesting important differences in the two caudate preparations. A 
comparison of these two RRA techniques is therefore necessary. 

Comparison of plasma fluphenazine levels by RRA and RIA during a 20-fold 
change in dose of fluphenazine enanthate 
When plasma drug levels from both 'high dose' and 'low dose' treatment 
periods were considered together, a significant correlation between RRA 
and RIA was found in three out of five subjects. The ratio of RRA/RIA 
ranged from 0.2 to 10 for all samples and varied from x 13 to x23 among 
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individuals. When samples from a week closest to steady state conditions on 
each dose were examined separately (figure 4), either RIA or RRA detected 
with equal significance the 20-fold change in dose. 

Drug concentrations and prolactin levels 
Highly significant correlations between plasma FPZ levels by RIA were 
found in six out of seven subjects receiving treatment with FPZ esters, a 
significant correlation between RRA and PRL was found in only one of 
these. This may simply reflect the poorer precision of the RRA or indicate 
that it responds to substances inactive at pituitary DA receptors. 

SUMMARY 

In general 

(1) The modified RRA is easier to perform than GLC or RIA but is less 
precise. 

(2) It detects neuroleptics and their active metabolites but fails to respond 
to inactive ones. 

(3) Auphenazine esters were hydrolyzed in the RRA to release the parent 
drug. 

During haloperidol treatment with varied doses 

(1) Drug level by RRA> RIA>GLC. 
(2) Both RRA and RIA measures correlated significantly with PRL on 

more occasions than those obtained by GLC. 
(3) This suggests the presence of an active metabolite of haloperidol. 
(4) Dose and plasma haloperidol level by RIA were significantly corre­

lated in five out of five subjects in 2 h post-medication specimens. 

In subjects receiving Ouphenazine decanoate, at a fixed dose 

(1) Drug concentrations by RRA> RIA. 
(2) This modified RRA gave results about 20 times greater than obtained 

by the original Creese and Snyder (1977) method. A comparison is 
needed. 

During a 20-fold change in the dose of Ouphenazine enanthate 

(1) Greater overlap between RIA and RRA measurements. 
(2) Significant correlation between RIA and RRA in three out of five 

subjects. 
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Figure 4 Plasma fluphenazine (FPZ) levels by RIA and RRA in five chronic 
schizophrenic subjects during treatment with FPZ-enanthate at dose rates of 
12.5 mg per week (_) and 250 mg per week (0). Mean and S.D. from daily 
determinations during one week. 

(3) Both RRA and RIA distinguished between 'high' and 'low' doses. 
(4) Higher incidence of significant PRL correlations with RIA. 

Further investigation is needed before this modified RRA is applied 
routinely. 
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INTRODUCTION 

Many of the psychotropic drugs have one or more active metabolites which 
may significantly contribute to therapeutic and toxic effects in patients. The 
ratio between the blood concentrations of metabolites and the parent drug 
may vary largely between individuals and the active metabolites should, 
therefore, be measured (in addition to the parent drug) by blood level 
monitoring. This should be done also in studies of the relationship between 
blood drug concentrations and clinical effects. 

Biological assay methods which measure the total amount of active 
compound in the sample require that the biological effect that is measured 
be closely related to the clinical effect of the drug. By application of a 
radioreceptor binding assay for neuroleptic drugs (Creese and Snyder, 
1977), Tune et al. (1980) measured the plasma levels of six different 
neuroleptics in terms of chlorpromazine (CPZ) equivalents; they examined 
the relationship between the plasma levels and clinical ratings of the 
patients. The study is reviewed in more detail by Creese et al. (this volume). 
Besides its technical simplicity, this method offers the advantage that a wider 
number of suitable patients may be investigated in plasma level-effect 
studies than when only one drug is studied. 

There are, however, examples of neuroleptic drugs having two or more 
active metabolites which are found in relatively high concentrations in 
plasma, where one metabolite is supposed to be responsible for certain side 
effects. The 7-hydroxy metabolite of CPZ (7-0H-CPZ) has, for instance, 
been suspected of causing photosensitive skin pigmentation and opacities in 
the eye (Perry et aI., 1964; Bolt and Forrest, 1967). It has also been reported 
that shortening of handwriting, which was regarded as a manifestation of 
subclinical hypokinesia, was associated with high levels of 7-0H-CPZ in 
psychiatric patients (Sakalis et al., 1977). The side-chain sulfone of 
thioridazine apparently produces significantly more side effects than the 
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parent drug and the two other metabolites which are found in relatively high 
plasma concentrations after oral doses of thioridazine (Axelsson, 1977; 
Axelsson and Mftrtensson, 1980). 

Separate measurements of each active metabolite, therefore, seem to 
offer certain advantages over routine monitoring of parent drug. Specific 
assay methods (such as gas chromatography and mass fragmentography) 
require that the metabolites which are measured have previously been 
identified. 

METABOLISM OF PHENOTHIAZINE DRUGS 

The major routes of metabolism of the phenothiazine drugs in man are 
indicated in figure 1, together with their general molecular formula. The 
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Figure 1 Major pathways of phenothiazine metabolism. The general molecular 
formula of the phenothiazine drugs is shown above. I. ring sulfoxidation; II, ring 
hydroxylation; III, conjugation; IV, N-demethylation; V, N-oxidation. 
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neuroleptic potency is strongly influenced by the electron-attracting or 
-donating properties of the ring substituent in the 2-position (R2 in figure 1) 
(Gschwend, 1974; Fenner, 1974). 

Dechlorination of CPZ, that is cleavage of the R2 substituent from the 
phenothiazine nucleus, has recently been reported as another metabolic 
pathway of CPZ in man (Forrest et aI., 1980). It has also been reported that 
CPZ and promazine may be metabolized by cleavage of the side chain in the 
to-position (RJ in figure 1) of the phenothiazine nucleus (Fishman and 
Goldenberg, 1965). 

The phenothiazine derivatives which have a piperazine ring at the side 
chain are also metabolized in man by N-dealkylation, whereby the terminal 
alkyl group is cleaved from the piperazine ring. 

Thioridazine has a thiomethyl group as ring substituent in the 2-position, 
which is oxidized in man to the sulfoxide (Forrest et at., 1965) and further to 
the sulfone (Gruenke and Craig, 1975; Mfirtensson, et aI., 1975). The 
side-chain sulfoxide of thioridazine is identical to mesoridazine, which is 
used as an antipsychotic drug. 

Levomepromazine (methotrimeprazine) has a methoxy group as the 
R2-substituent, and it has been suggested that it may be metabolized by 
O-demethylation of the methoxy group (Usdin, 1978). This metabolite has 
only been tentatively identified in the rat (Afifi and Way, 1968). 

The phenothiazine drugs may undergo several steps of biotransformation 
before they are finally excreted in the urine or feces. Several different 
metabolites may be formed by different combinations of the metabolic 
pathways, and CPZ is frequently mentioned as an example of a drug with a 
large number of different metabolites, many of them active. 

WHICH METABOLITES CONTRIBUTE TO THE EFFECTS? 

General criteria 

In order to exert a clinical effect, a drug must have a certain intrinsic 
pharmacological activity, it must be given in an adequate dose, and have 
such pharmacokinetic properties that sufficiently high concentrations are 
obtained at the site of action. There is obviously no reason to believe that the 
same should not be the case for drug metabolites. It may, therefore, be 
assumed that in order to contribute significantly to the clinical effect or to 
the possible side effects of a drug, a metabolite must fulfill the following 
criteria: (1) possess a certain intrinsic pharmacological activity; (2) be 
formed in sufficient amounts after therapeutic doses of the drug; (3) have 
pharmacokinetic properties such that it reaches sufficiently high concentra­
tions at the sites of action. 

The pharmacologic activities of neuroleptic drugs have been studied in a 
number of different in vitro systems and animal models. The literature 
contains some reports on the biologic activity of different CPZ metabolites, 
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but surprisingly little about the activity of the metabolites of other neurolep­
tic drugs. 

Administration of drug metabolites to patients 

The amount of a drug metabolite that must be present in the body in order to 
produce a certain clinical effect cannot be determined without administra­
tion of the metabolite itself to humans. This is very rarely done because of 
ethical considerations. 

Two CPZ metabolites have, however, been administered to psychiatric 
patients. Chlorpromazine sulfoxide (CPZ-SO) was given intravenously as a 
single dose of 100-200 mg (Davidson et al. 1957). A certain sedative effect 
was observed, but the sulfoxide, according to the authors, was four to eight 
times less active than CPZ in this respect. The 7 -hydroxy metabolite of CPZ 
has been given to schizophrenic patients in oral doses of 1000 mg per day for 
4 weeks, and it appeared to have an antipsychotic effectiveness which was 
equal to CPZ given in the same dose (Kleinmann et aI., 1980). 

The side-chain sulfoxide (mesoridazine) of thioridazine and thioridazine 
side-chain sulfone have both been given as maintenance treatment to 
psychiatric patients (Axelsson, 1977). Both metabolites appeared to have 
antipsychotic properties, but a stronger tendency to give side effects than 
thioridazine itself. 

Plasma, CSF and brain concentrations 

For drug metabolites which have not been clinically examined, a fair 
assumption seems to be that when it has a pharmacological activity similar to 
the parent drug in relevant biological systems, a metabolite must reach 
about the same concentration at the site of action as is necessary for the 
parent drug in order to produce a certain effect. 

Phenothiazine metabolites appear to be less bound to plasma proteins 
than the parent drugs (Kreiglstein et aI., 1972; Belpaire et aI., 1975; 
Freedberg et at., 1979; M~rtensson et aI., 1980). This implies that they may 
reach CSF concentrations similar to those of the parent drug, even though 
their total concentration in plasma is lower than for the parent drug. This has 
recently been verified for 7 -0 H -CPZ, which showed levels in the CSF of the 
same order of magnitude as CPZ, although the total concentration in plasma 
was about five times as high for CPZ as for the metabolite (Sedvall et al., this 
volume). Similar findings for thioridazine and its metabolites have been 
reported by M~rtensson et al. (1980). They measured the total and unbound 
concentrations of thioridazine and three of its metabolites in serum and CSF 
from psychiatric patients, and found that the total CSF to serum concentra­
tion ratio was generally higher for two of the metabolites than for 
thioridazine. 

The plasma concentrations of most phenothiazine drugs are usually below 
1 nM (300-400 ng ml- I ) after therapeutic doses, while the concentrations 
of the major metabolites in urine are in the microgram range. It is typical 
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that for CPZ, which is the neuroleptic drug which has been the subject of the 
largest number of pharmacological studies, a number of metabolites which 
have been identified in urine are not found in more than trace amounts in 
plasma (for review, see Usdin, 1971, 1978). Although the phenothiazine 
metabolites may have lower binding affinity to plasma proteins than the 
parent drugs, it does not seem likely that metabolites which are not found in 
measurable plasma concentrations could reach brain concentrations suffi­
ciently high to give a significant contribution to the central effects of the 
drug. 

Since the major part of the phenothiazine metabolites have never been 
administered to humans, the determination of which of these metabolites 
significantly contributes to the clinical effect of the drug must be done 
indirectly by inference from the available data on blood levels of the 
metabolites and information about their pharmacological activity. 

METABOLITE CONCENTRATIONS IN PLASMA 

From 10 to 18 different CPZ metabolites have been measured in human 
plasma or erythrocytes by assay methods based on thin-layer chromatog­
raphy (TLC) (Kaul et aI., 1972; Turano et aI., 1972; Chan et al., 1974; 
Schooler et al., 1976). The specificity of these assay methods have, however, 
been questioned, as has been discussed by Larsen (this volume). 

By application of methods based on gas chromatography or mass spec­
trometry, which are generally more sensitive and specific, it is mainly the 
metabolites formed by a single biotransformation step of the parent drug 
molecule, by one of the pathways (I, II, IV, V) indicated in figure 1 (plus 
side-chain sulfoxidation of thioridazine and mesoridazine), that are found in 
significant concentrations in plasma (Curry and Marshall, 1968; Hammar et 
al., 1969; Sakurai et aI., 1975; MArtensson et aI., 1975; Dahl and Garle, 
1977). Didesmethyl chlorpromazine and thioridazine side-chain sulfone 
make two exceptions to this rule. Didesmethyl CPZ has been found in 
plasma concentrations up to 15 percent of the CPZ concentration (Curry 
and Marshall, 1968; Craig and Gruenke, 1980), and the plasma concentra­
tions of thioridazine side-chain sulfone are usually 20-40 percent of the 
thioridazine concentration (Axelsson and MArtensson, 1977; Axelsson, 
1977). 

Ring sulfoxidation 

The ring sulfoxides are the metabolites which are generally found in the 
highest concentrations in plasma after oral phenothiazine dosage. It has 
been suggested that CPZ (Curry et al., 1971; Gibaldi and Feldman, 1972) 
and levomepromazine (Dahl, 1976) undergo sulfoxidation by first-pass 
metabolism in the gut wall or the liver. The plasma levels of CPZ-SO relative 
to that of CPZ may vary greatly between patients, and high levels of the 
sulfoxide seem to be associated with a lack of response to CPZ treatment 
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(Lader, 1976; Dahl, 1979). 
Patients who respond to treatment with CPZ usually have plasma con­

centrations of the sulfoxide in the order of 20-80 percent of the CPZ 
concentration (Mackay et aI., 1974; Sakurai et aI., 1975; Wiles et aI., 1976; 
Dahl and Strandjord, 1977). The plasma levels of the ring sulfoxide of 
thioridazine (Axelsson and Mfirtensson, 1977; Axelsson, 1977) and 
levomepromazine (Dahl, 1976; Dahl et al., 1977) are, on the other hand, 
generally one or two times higher than the levels of the parent drug after 
repeated oral doses in patients who are classifi.ed as responders to the 
treatment. 

The plasma concentrations of perphenazine sulfoxide were similar to 
perphenazine concentrations in 21 patients after oral doses of the drug, 
while five other patients who were given perphenazine enanthate intramus­
cularly had significantly lower concentrations of the sulfoxide than of the 
parent drug (Hansen and Larsen, 1977; Hansen eral., 1979). 

The plasma concentration of promazine and its sulfoxide have been 
measured in one patient after repeated oral doses of prorriazine, by a GLC 
method. The sulfoxide concentration was about 20 percent of the concentra­
tion of promazine (Dahl and Jacobsen, 1976). 

Ring hydroxylation 

Chlorpromazine is hydroxylated mainly in the 7 -position in man, and the 
plasma concentrations of the metabolite are usually 15 -120 percent of the 
CPZ concentration after continuous oral treatment with CPZ (Sakalis et aI., 
1973,1977; Mackay etal., 1974; Alfredsson eta/., 1976). 

Hydroxylated metabolites of promazine (Fishman and Goldenberg, 
1965) and of levomepromazine (Allgen et al., 1963) have been found in 
urine but have not yet been measured in plasma from patients. 

Hydroxylation in the 3-position has been reported as a minor metabolic 
pathway of CPZ (Fishman and Goldenberg, 1965). The 3-hydroxy and 
3,7-dihydroxy metabolites of CPZ represent good examples of potentially 
active drug metabolites which probably do not significantly contribute to the 
effects of the drug, simply because they are formed in too small amounts. 
They have not been found in measurable concentrations in plasma. 

Conjugation 

Phenolic phenothiazine metabolites are mainly excreted in the urine as 
conjugates. Previous studies based on TLC have indicated that 7-0H-CPZ 
is also present, mainly in the form of a glucuronide in plasma (Chan et al., 
1974), while post-mortem tissues seem to contain a larger fraction of the 
metabolite in the unconjugated form (Bolt and Forrest, 1967). 

Since glucuronides generally are considered to be inactive, less efforts 
have been put into the development of methods for their quantitation in 
plasma from patients. 
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N-Dealkylation 

N-Demethylation appears to be a major metabolic pathway for the 
phenothiazine drugs that have an N-dimethylamino group at the end of the 
side chain, but of less importance for the derivatives which have a N­
methylated piperidine ring in this position. In a study consisting of 11 
patients who were treated with oral doses of thioridazine, N-demethylated 
metabolites were found only in low concentrations in urine and not in 
plasma (M~rtensson etal., 1975). • 

The plasma concentrations of monodesmethyl CPZ are usually 10-50 
percent of the CPZ concentration after oral treatment with CPZ (Curry and 
Marshall, 1968; Sakurai et al., 1975; Alfredsson et 111.,1976). Monodes­
methyl levomepromazine has been measured in plasma from five patients 
who had been treated with oral doses of levomepromazine, by a gas 
chromatographic assay method (Dahl, Bratlid and Lingjrerde, unpublished 
results). The plasma concentrations of the monodesmethyl metabolite were 
higher than the concentrations of levomepromazine in four of the patients, 
and about 50 percent iower than the parent drug concentration in the fifth 
patient. 

The dealkylated metabolite of perphenazine has been measured in plasma 
from 21 patients after oral doses of the drug (Hansen et aI., 1979). The 
plasma levels of this metabolite were similar to the levels of perphenazine in 
most of the patients, but two patients had between three and 10 times higher 
levels of N-dealkylperphenazine than of the parent drug. 

N-Oxidation 

A reliable quantitation of nanogram amounts of the N-oxides of 
phenothiazine drugs is technically difficult because of their chemical insta­
bility. Chan et al. (1974) reported that the plasma concentrations of 
chlorpromazine N-oxide (CPZ-NO), measured by a TLC method, were in 
the range of 50-100 percent of the CPZ concentrations in two patients. 
Craig and Gruenke (1980) reported that the plasma levels of CPZ-NO, 
measured by combined gas chromatography-mass spectrometry, were in 
the range of 30-50 percent of the CPZ levels in an unspecified number of 
patients. 

PHARMACOLOGICAL ACTIVITY OF PHENOTHAZINE 
METABOLITES 

ChIorpl'omaziRe metabo6tes 

The activities of different CPZ metabolites have been examined by assess­
ment of their effects on various biological systems, such as amphetamine-
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induced stereotyped behavior in rats (Lal and Sourkes, 1972), monoamine 
metabolism in rat brain (Alfredsson et aI., 1977), prolactin secretion in the 
rat (Meltzer et al., 1977), 3H-haloperidol binding to rat striatal dopamine 
(DA) receptors (Creese et aI., 1978) and monoamine oxidase (MAO) 
activity in human brain (Roth et al., 1979). Manian et al. (1965) examined 
the toxicity and activity of 7-0H-CPZ and nine other CPZ derivatives in a 
number of pharmacological tests. The relevance of the different test systems 
in predicting neuroleptic and other effects in man will not be discussed here. 
It seems, however, that with some exceptions, as mentioned below, the 
compounds which are active in one of the systems are generally active in the 
other systems as well. The general pattern that emerges from these studies is 
that 7-0H-CPZ and monodesmethyl CPZ both have an activity that is 
comparable, although slightly inferior, to CPZ itself, while CPZ-SO must be 
regarded as virtually inactive. 

Didesmethyl CPZ had about the same inhibitory effect on human brain 
MAO activity as CPZ (Roth et aI., 1979), but only 10 percent of its binding 
affinity to striatal DA receptors (Creese et aI., 1978). 

N-Oxidation is considered to be a pathway of oxidative N-dealkylation 
(Bickel, 1969). Although CPZ-NO must be regarded as a potentially active 
metabolite (Posner et al., 1968; Lal and Sourkes, 1972; Alfredsson et aI., 
1977), it is still unclear whether the molecule is active per se or not. The 
N-oxide was inactive in the DA binding test (Creese et al., 1978), and 
Alfredsson et al. (1977) measured brain levels of CPZ and monodesmethyl 
CPZ that could account for the effect of the N-oxide on central monoamine 
metabolism in the rat. The assay method they used did not, however, include 
CPZ-NO. These latter reports both support the previous suggestion (Bickel, 
1969) that CPZ-NO might act indirectly, after transformation to another 
active compound. 

Metabolites of other phenothiazine drugs 

The two thioridazine metabolites which are formed by sulfoxidation of the 
side chain are both pharmacologically active, as mentioned previously. 
Thioridazine ring sulfoxide is considered to be inactive, and high plasma 
levels of this metabolite appear to be associated with poor clinical response 
to thioridazine treatment (Sakalis et al., 1980). 

The EEG effects of promazine and monodesmethyl promazine have been 
examined in an isolated rat brain preparation (Rieger and Krieglstein, 
1974). Both compounds were active and had similar effects in this system. 

Cardiodepressive effects of monodesmethyllevomepromazine, levomep­
romazine sulfoxide and CPZ-SO have been studied in isolated rat atria 
(Dahl and Refsum, 1976; Passwal et al., 1976). Monodesmethyllevomep­
romazine was active and had about the same potency as levomepromazine. 
An unexpected finding was that levomepromazine sulfoxide also appeared 
to be active in this system, while CPZ-SO was much less active. 

The binding affinity of levomepromazine, levomepromazine sulfoxide 
and monodesmethyl levomepromazine to rat striatal DA receptors have 
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been examined with 3H-spiroperidol as tracer, and compared with the 
affinity of chlorpromazine (Dahl and Hall, 1981). Levomepromazine sul­
foxide was inactive in this system. Levomepromazine and monodesmethyl 
levomepromazine were both active, and their potency was 0.6 and 0.4 
respectively, relative to that of CPZ. 

Perphenazine sulfoxide had 3-5 percent of the pharmacological activity 
of perphenazine in rodents, cats and dogs (Hotovy and Kapff-Walter, 
1960). 

Experimental data on the pharmacologic activity of the major metabolites 
of other phenothiazine drugs was not found in the literature. 

CONCLUDING REMARKS 

In spite of the large number of different phenothiazine metabolites that have 
been identified in urine, further progress in the understanding of the 
relationship between the plasma levels and effects of the phenothiazines 
seem to require that a smaller number of (relevant) metabolites be assayed 
by reliable methods in a larger number of patients. 

More data are required about the identity and blood levels of the major 
metabolites of neuroleptics other than CPZ, and on the pharmacokinetic 
and pharmacodynamic properties of these metabolites. 

The following may be deduced from the presently available data: 

(1) Chlorpromazine has three metabolites that may significantly contri­
bute to its effects in man, namely the 7-hydroxy-, the monodesmethyl- and 
the N-oxide metabolites. Didesmethyl CPZ appears to be of less impor­
tance. 

(2) Levomepromazine has at least one active metabolite, monodesmethyl 
levomepromazine, which probably significantly contributes to the effects of 
the drug in man. 

(3) Thioridazine has two metabolites which contribute to its effects, the 
side-chain sulfoxide and the side-chain sulfone. Significant amounts of 
thioridazine side-chain sulfone are also present in blood after administration 
of mesoridazine, which is identical to thioridazine side-chain sulfoxide. 

(4) Ring sulfoxides of the phenothiazines are generally found in high 
concentrations in plasma after oral doses of the drug, but seem to be of less 
clinical importance because of their low intrinsic activity. 

It would seem reasonable to suppose that phenothiazines other than CPZ 
produce relatively high blood levels of hydroxylated metabolites that may be 
active. Further, oral treatment with promazine results in significant blood 
levels of at least one active (monodemethylated) metabolite, and there are 
other as yet unidentified phenothiazine drug metabolites that give signific­
ant contributions to the clinical effects of the drug. All of this still has to be 
verified experimentally. 

However, this does not rule out the necessity of comprehensive studies of 
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plasma level-effect relationships of neuroleptic drugs based on radiorecep­
tor binding assays or other methods where the sum total of active compound 
in the sample is measured. 
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INTRODUCTION 

Highly lipid-soluble psychoactive drugs which act on the central nervous 
system (CNS) are cleared primarily by metabolism since they are readily 
reabsorbed in the kidney. Consequently there is a high probability that 
biologically active metabolites will be formed in significant quantities -
evidence for activ~ metabolites of all classes of drugs acting on the CNS has 
been available for some time (Garattini et al., 1975). A particularly dramatic 
example is provided by chlorpromazine (CPZ) which yields at least 35 
identifiable metabolites in urine (Turano et al., 1974), many of which have 
some degree of biological activity (Manian et ai., 1965). The tricyclic 
antidepressants (TCA) which are chemically closely related to CPZ produce 
a smaller but still substantial number of metabolites in the urine; for 
instance, as many as 16 metabolites can be identified in urine or tissues 
following administration of imipramine (IMI) (Crammer et ai., 1969; 
Christiansen and Gram, 1973). Many of these are conjugated metabolites 
(mainly glucuronides, on the evidence of hydrolysis after ~-glucuronidase 
addition) that are not themselves active, but this sti11leaves seven identifi­
able metabolites that could be active (Crammer et al., 1969). 

Taking IMI as a model TCA, various types of biological activity of parent 
compound and metabolites can be identified (Potter and Calil, 1981). Once 
an activity is identified, a question arises concerning the relationship of this 
activity to either clinical or unwanted effects in patients. In order to perform 
a clinical investigation of the relationship between activities and effects one 
must have a measure of the active forme s) of drug at the site of action( s) - in 
other words the pharmacokinetic characteristics of both parent drug and 
active metabolites need to be known. What follows is therefore presented in 
three sections: (1) metabolites of TCA with biologic activity; (2) proposed 
relationships between these biologic activities and therapeutic or toxic 
effects and (3) pharmacokinetics of active TCA metabolites. 
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Figure 1 Major routes of the metabolism of imipramine in man. 

METABOLITES OF TCA WITH BIOLOGIC ACTIVITY 

Figure 1 shows the major metabolic routes of IMI in man. With regard to 
unconj.ugated hydroxydesipramine (OH-DMI), a current basic study sug­
gests that a significant proportion is derived from the demethylation of 
hydroxyimipramine (OH-IMI) (T. J. Monks and J. R. Gillette, personal 
communication). Didesmethylimipramine and its hydroxylated forms are 
not shown since they represent such a small fraction of the detectable 
urinary metabolites (Crammer et al., 1969). Similar overall metabolic 
schemes can be demonstrated for amitriptyline (AMI) and for chlorimip­
ramine, the other two major tertiary amine TCA (figure 2). 

Until recently, biologic activity has been assessed either on the basis of 
screening studies in animals (for review of techniques, see Sigg, 1968) or in 
vitro assessment of the ability of the compounds to influence uptake or 
release of radiolabeled norepinephrine (NE) or serotonin (5-HT) (Glowin­
ski and Axelrod, 1964; Carlsson et al., 1969; Randrup and Braestrup, 

CHLORIMIPRAMINE AMITRIPTYLINE 

Figure 2 Structures of chlorimipramine and amitriptyline. 
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1977). More recently biologic or at least biochemical activity of TCA has 
been shown using in vitro displacement or blockade of various radioligands 
from histaminic (Green and Maayani, 1977; Richelson, 1978), and mus­
carinic (Richelson and Divinetz-Romero, 1977) 'receptors' as well as 
interactions with or actions on a- and ~-adrenergic receptors (U'Prichard et 
al., 1978; Vetulani etal., 1976; Banerjee eta/., 1977). 

It was quickly recognized that the major demethylated metabolites of 
tertiary TCA were active both in terms of animal screening experiments and 
in vitro effects on either NE or 5-HT uptake. Tertiary amines were more 
potent inhibitors of 5-HT uptake; secondary amines were found to be 
relatively specific for NE uptake inhibition (Maas, 1975; Randrup and 
Braestrup, 1977). Desmethylimipramine and nortriptyline (NT) were de­
veloped as antidepressants in their own right. Data suggest that desmethyl­
chlorimipramine in and of itself would also be an effective antidepressant, at 
least in patients with 'high' pretreatment cerebrospinal fluid (CSF) 5-
hydroxyindoleacetic acid (5-HIAA) (Trask man et al., 1979). 

More recently it has been shown that the hydroxylated metabolites of 
TCA have a similar spectrum of activity to their respective tertiary or 
secondary amine parent compounds (table 1, figure 3). The evidence in 

Table 1 Inhibition of norepinephrine 
uptake by tricyclic antidepressants and 
their metabolites 

ICso (nM) 

lavaid et al. (1979) 
Imipramine (1M I) 24 
2-0H-IMI 78 
Desipramine (DMI) 2.4 
2-0H-DMI 7.8 

Potter et al. (1979) 
IMI 250 
2-0H-IMI 180 
DMI 55 
2-0H-DMI 61 

Bertilsson et al. (1979) 
Amitriptyline (AMI) 380 
Nortriptyline (NT) 75 
E-IO-OH-AMI 670 
Z-10-0H-AMI 720 
E-IO-OH-NT 160 
Z-10-0H-NT 160 
Desmethyl NT 1000 
AMI-N-oxide 7300 
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Figure 3 Comparison of effects of chlorimipramine (CL-IMI), imipramine (lMI), 
desipramine (DMI) and their hydroxylated metabolites on the uptake of 3H_ 
serotonin (5HT) into rat brain synaptosomes. Percentage inhibition plotted on log 
scale. (From Potter etat., 1979.) 

support of biologic activity of hydroxylated metabolites includes not only in 
vitro comparisons (Heikkila et al., 1976; Javaid et al., 1979; Bertilsson et al., 
1979; Potter et al., 1979), but also in vivo administration to animals (Potter 
et al., 1979; Potter and Calil, 1981). 

Recently, it has also been demonstrated that tertiary and secondary amine 
TCA differ markedly in their potencies to interact with a variety of receptors 
(table 2). Interestingly, the tertiary amines are consistently the most potent 
in terms of blocking histaminic, a-adrenergic and muscarinic receptors, 
although there are also differences in potency between the different types of 
TCA. Most recently it has been shown that tertiary amine TCA bind 
preferentially to high affinity sites on platelets (from animals and man) 
demonstrated by a simple receptor - ligand displacement assay for tertiary 
TCA (Paul et al., 1980). Moreover, the hydroxylated metabolites of IMI 
also bind to platelet sites with a similar affinity to the parent compound (Paul 
etal., 1980). 

As discussed elsewhere, N-oxides of TCA may also prove to have biologic 
activity; in the case of IMI administered as the N-oxide, this activity might be 
of biologic significance (Nagy and Hansen, 1978). With regard to the other 
known group of non-conjugated potentially active metabolites, the dides­
methylated TCA, very little is known. Their amounts in urine following IMI 
or NT administration are very low (Crammer et al., 1969; Alexanderson and 
Borga, 1973). It would be of interest to see if these have some unexpected 
potency, although animal screening experiments do not suggest this to be the 
case at least for the didesmethyl metabolite of AMI (Bertilsson et al., 1979). 

Thus, on the basis of available data, active forms of TCA can be viewed 
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Table 2 Potencies of interaction of tertiary and secondary amine tricyclic antidep­
ressants with histaminic, muscarinic and adrenergic receptors 

KB (nM) for KB (nM) for K j (nM) for 
histamine! receptors muscarinic receptors a-adrenergic receptors 

Tertiary amine 
Amitriptyline 0.10 0.13 25 100 24 
Doxepin 2 0.03 42 300 23 
Imipramine 5 10 100 400 58 

Secondary amine 
Nortriptyline 6 7.14 250 1000 71 
Protriptyline 30 34.4 63 2000 277 
Desipramine 200 250 250 2000 148 

Data in each column as follows: first from Richelson (1978), second and third 
calculated from Richelson (1979), fourth from Richelson and Divinetz-Romero 
(1977) and fifth column from V'Prichard et al. (1978). 

broadly as falling into two different classes in terms of biologic activity: 
tertiary and secondary amines. In each class there are two active forms with 
similar potencies: the 'parent' and the hydroxylated form. Activities of other 
forms have not been convincingly demonstrated. 

RELATIONSHIP BETWEEN BIOLOGIC ACTIVITY AND 
THERAPEUTIC OR TOXIC EFFECTS 

None of the biologic activities identified in the preceding section has been 
proven to be the cause of an antidepressant or toxic effect. Proof is here 
defined as the in vivo demonstration of a quantitative re1.'ltionship between 
an end effect, a biochemical alteration, and the concentration of drug. 
Nonetheless, there is indhect evidence that suggests several causal relation­
ships, some of these will be briefly summarized (for review, see Richelson, 
1979). 

Anticholinergic effects £If TCA 

As shown in table 2, tertiary amine TeA have higher affinities for mus­
carinic acetylcholine receptors than do secondary amine TeA. Nonetheless, 
there may be overlap (for example, protriptyline versus IMI) and only in 
comparisons of the extremes (AMI versus DMI) does one find as much as an 
order of magnitude difference. Interestingly, AMI is clinically recognized as 
the most potent TeA in terms of sedation, dry mouth, and blurred vision­
all compatible with anticholinergic effects. On the basis of the receptor 
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affinity data, DMI would be expected to have the least of these effects, a 
supposition which is supported by single dose clinical studies (Blackwell et 
al., 1978; Peterson et al., 1978). On the other hand, DMI is known to inhibit 
salivary secretion under clinical conditions (Watt et al., 1972). It may be that 
even the least potent of the TCA in terms of interactions with muscarinic 
receptors might still achieve high enough steady state concentrations to 
inhibit salivation. Another possibility is that some TCA (for example AMI), 
even at very low clinical concentrations, may produce a maximum antimus­
carinic effect so that increases in dose will not lead to an increase in side 
effects. More studies of plasma concentration versus antimuscarinic re­
sponses are necessary. 

Anti-HI receptor properties 

Again, it is the tertiary amine TCA that have high affinities for these classes 
of receptors, especially the HI (histamine) type (table 2). In one instance 
there is an overlap in potency between a tertiary and a secondary amine (IMI 
versus NT), in another there is a greater than three orders of magnitude 
difference in potencies (AMI versus DMI). As pointed out by Richelson 
(1979), since HI receptor antagonists can be used clinically as sedative 
hypnotics, this biochemical action might best explain the very potent 
sedative effects of TCA such as AMI. The wide in vitro differences suggest 
that a comparison of sedative potency between AMI and DMI in man might 
clarify whether antihistaminic or anticholinergic ( see above) potency is most 
relevant. 

a-Adrenergic receptor blockade 

There is electrophysiological evidence for activation of presynaptic a­
receptors at low TCA concentration and blockade as the concentration 
increases (Svensonn and Vsdin, 1978). In vitro binding studies of brain 
homogenate show that TCA have a high affinity for a-noradrenergic 
receptor binding sites (V'Prichard et al., 1978). Assuming that at steady 
state concentrations a-adrenergic receptors are blocked in man, the some­
what greater potency of tertiary amine TCA to do so (table 2) may be 
relevant to clinical studies: for example, IMI use is associated with a high 
incidence of orthostatic hypotension (Glassman et al., 1979). The orthosta­
tic effect could be mediated by either a central action or peripheral failure of 
vasoconstriction on standing. On the other hand, orthostatic hypotension is 
highly variable in patients and strongly correlated to its presence prior to 
treatment (Glassman et al., 1979) - it is therefore a predictable drug effect 
only in special cases. Moreover, the differences in a-adrenergic blocking 
potency between, for instance, IMI and NT is not great (table 2). The latter 
TCA is reported not to influence the orthostatic blood pressure response 
(Freyschuss et al., 1970). Caution must be exercised in extrapolating in vitro 
data to clinical situations. 
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Noradrenergic potency 

In depressed adult patients (Freyschuss et ai., 1970), eneuretic boys (Lake et 
ai., 1979) and normal volunteers (Zavadil et ai., 1980) who are treated with 
NT, IMI or DMI, all potent NE uptake inhibitors in vivo (Maas, 1975), pulse 
and diastolic blood pressure increase. The pulse increase is by far the more 
marked and reproducible; the diastolic increase, however, is statistically 
significant. Both effects are consistent with a rise in plasma NE after drug 
treatment observed in the two current studies (Lake et ai., 1979; Zavadil et 
ai., 1980). It would be interesting to see if in the rare patients who do not 
have appreciable concentrations of secondary amine TCA following AMI or 
chlorimipramine administration the pulse and diastolic blood pressure 
response are absent. One might predict that NE uptake inhibitory potency 
will best correlate with these cardiovascular changes that can be most simply 
related to enhanced noradrenergic function in the periphery. 

There are thus several biochemical and physiological parameters which 
are amenable to quantitative study in vitro and in vivo. In the future, clinical 
studies should be able to clarify which biochemical effects are most closely 
related to such 'side effects' as sedation, decreased salivary secretion, and 
cardiovascular changes. Concomitantly it should be possible to establish 
which active forms of TCA are most closely related to these effects. Such 
information will ultimately contribute to improved drug development. 

The omission of further discussion concerning which biochemical 
parameter best relates to clinical effect is intentional-the problems in this 
area have been discussed recently (Potter and Calil, 1981). 

PHARMACOKINETICS OF ACTIVE TCA METABOLITES 

Both the single dose and steady state pharmacokinetics of the active 
secondary amine TCA have been well described, particularly in the case of 
NT (Alexanderson, 1972a, b). Tertiary and secongary amines TCA, in fact, 
have similar values of t1/2 in the 20 h orlongerrange (for review, see Potter et 
ai., 1980a). Not surprisingly, when a secondary amine TCA is administered 
its mean steady state concentration is higher for a fixed dose than following 
administration of its related tertiary amine. Moreover, a given dose of a 
tertiary amine does not produce as high a concentration of itself as would a 
secondary amine (table 3). This latter finding is compatible with the well 
documented extensive demethylation that tertiary amine TCA undergo, 
whereas secondary amine TCA seem to be cleared primarily through 
hydroxylation. Only small amounts, for instance, of didesmethylimipramine 
or DMI appear in human urine following 14C_IMI (Crammer et ai., 1969). 
With regard to steady state concentrations of unconjugated hydroxylated 
metabolites, only limited information is available, but it suggests that 
hydroxylated tertiary amine TCA per milligram dose will be low, whereas 
for secondary amines concentrations will be present in substantial amounts. 
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Table 3 Mean steady state plasma concentrations per 100 mg 
dose following administration of tertiary and secondary amine 
TCA 

Plasma concentration (ng ml-') 

Administered drug AMI NT IMI DMI 

Amitriptyline (AMI) 58 62 
Nortriptyline (NT) 110 
Imipramine (IMI) 39 55 
Desipramine (DMI) 67 

Calculated from data in Table 5 (Potter et aZ., 1980a) by 
standardizing results from indicated reports to a 100 mg dose 
and taking the mean of the mean values from at least three 
independent studies. 

On the average, OH-DMI concentrations are approximately 50 percent of 
those of DMI (Potter et al., 1980b), whereas OH-NT concentrations are 140 
percent those of NT (Bertilsson et al., 1979) (table 4). 

Working with the assumption that the steady state concentrations of 
active drug will ultimately be related to effect(s), it would be useful to 
understand the determinants of the relative ratios of TeA and their metabo-

Table 4 Concentration ratios of unconjugated hydroxylated metabolites to 
parent compounds in plasma * 

Study OH-IMI/IMI OH-DMI/DMI OH-NT/NT 

Gram (1978) t 0.15 0.56 
Potter et aZ. (1980b) 

Young males 0.27 0.44 
Young males 0.44 
Adults 0.55 

DeVane and Jusko (1980) 0.27 0.56 
Kragh-S0rensen et aZ. 

(1977) (four patients) 2.35 
Bertilsson et aZ. (1979) 1.40 

* Abbreviation as follows: OH-IMI=2-hydroxyimipramine, IMI=imi­
pramine, OH-DMI=2-hydroxydesipramine, DMI=desipramine, OH-NT= 10-
hydroxynortriptyline, NT=nortriptyline. All data at steady state except in out­
patient study of DeVane and Jusko (1980), where conditions not always known. 
Dashes are for patients administered secondary amine only. 

tValues del.·!ved from plot of individual data points on a figure since means and 
actual values not presented. 
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lites. Although one group has suggested that IMI is more extensively 
demethylated than AMI on the basis of steady state ratios of tertiary to 
secondary amine TCA (Gram et ai., 1977), a comparison of several studies 
does not provide support for such a clear distinction (Potter et ai., 1980a). 
The limited urinary data available show that the predominant IMI metabo­
lite is 2-0H-OMI (free and conjugated) and that the next most prevalent is 
2-0H-IMI (Crammer et ai., 1969). Since 2-0H-IMI can be converted to 
2-0H-DMI, at least in rat microsomal preparations (T. J. Monks and J. R. 
Gillette, personal communication), this pathway may provide a major 
source of the latter hydroxylated and demethylated metabolite. Thus, high 
concentrations of 2-0H-DMI in urine do not necessarily support arguments 
that IMI is any more extensively demethylated to DMI than is AMI to NT. 

What is needed is a better understanding of the rates of conversion along 
all major pathways for both IMI (figure 1) and AMI. Preliminary results of 
in vitro experiments using human liver microsomes do show that the rates of 
demethylation of AMI or 10-0H-AMI are higher than those for hydroxyla­
tion of AMI or NT (Bertilsson and SjOqvist, this volume). On the other 
hand, there is no directly comparable evidence on the relative rates of 
glucuronidation of the hydroxylated metabolites. Following a single sub­
cutaneous injection of 2-0H-OMI (5 mg kg-I) to rats the total plasma 
clearance is 56.8 ml min-I kg-I versus 44.0 ml min-I kg-I for OMI 
(I. Kitanaka and W. Z. Potter, unpublished data). Knowing the clearance of 
2-0H -OMI and its rate of formation should enable one to predict the steady 
state concentration of this compound following administration of DMI. 

Since hydroxylated metabolites of TCA are not approved for administra­
tion to humans, there is no direct evidence on their clearance in man. The 
few studies which have followed the rate of disappearance of a parent TCA 
and hydroxylated metabolite have been on NT. Glucuronidation is evidently 
not rate limiting since the disappearance of 1O-0H-NT parallels that of NT 
(Alexanderson and Borga, 1973; Alv~n et ai., 1977; Nakano and Hollister, 
1978). On the other hand, it may prove that 1O-0H-NT is less rapidly 
cleared by glucuronidation than is 2-0H-DMI, which could explain the 
relative preponderance of lO-OH-NT at steady state (table 4). This possi­
bility can not be distinguished from the alternative case, whereby hydroxy­
lation of NT is more rapid than that of DMI. In vitro studies may be able to 
clarify whether this latter situation holds. 

It has been shown that with another type of extensively hydroxylated 
drug, debrisoquine, there are rare individuals who appear to have a deficit in 
the ability to hydroxylate drug (Mahgoub et ai., 1977). Thus, instances of 
only trace amounts of hydroxylated metabolites in plasma following IMI 
(Potter et al., 1980b), or NT administration (Bertilsson and Sjoqvist, this 
volume) may reflect a deficiency of TCA hydroxylation in some individuals. 
In order to demonstrate a true deficiency, however, it will need to be shown 
that the concentration of hydroxylated metabolites in urine is very low. 

Whether or not true polymorphism in the hydroxylation of TCA is 
demonstrated, it is clear that the activity of this pathway varies dramatically 
between individuals as evidenced by the range of NT to OH-NT ratios and 
DMI to OH-DMI ratios (Bertilsson etai., 1979; Potter etai., 1980b). Since 
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hydroxylated metabolites are active, however, inhibition of hydroxylation 
and consequent increase of parent compound would not necessarily lead to 
excess active drug as has been suggested for inhibition of NT hydroxylation 
by perphenazine (Kragh-S0renson et al., 1977). In other words, it needs to 
be shown that total active drug, not just parent compound, is altered when 
metabolism of a single pathway is inhibited. As noted by Alexanderson and 
Borgft (1973) only about 50 percent of a NT dose is normally excreted as 
lO-OH-NT (free + conjugated}. Similarly, even though hydroxylated 
metabolites and their conjugates are predominant after IMI, they still only 
account for 55 - 75 percent of administered 14C_drug (Crammer et aI., 
1969). Concomitant studies of plasma and urine concentrations of parent 
TCA and hydroxylated metabolites should provide answers to these ques­
tions. 

There is another aspect of the pharmacokinetics of active TCA metabo­
lites that requires attention in order to understand the relationship of 
concentration to effect. Since it is free drug which is pharmacologically 
active, the comparison of total steady state concentrations of more than one 
active form solely on the basis on in vitro potency may be misleading. It is the 
free concentrations that should be compared. In preliminary studies using 
CSF-to-plasma ratios as a measure of free drug, the hydroxylated metabo­
lites of both DMI (Potter et aI., 1980b) and NT (Bertilsson et al., 1979) have 
a modestly higher percentage free than do the parent TCA (table 5). On the 
other hand, in light of the somewhat weaker potencies of the hydroxylated 
metabolites (table I), it may be practical to simply add the concentration of 
respective TCA and hydroxylated metabolite. As discussed in the previous 
section, it is the tertiary versus secondary distinction that has the most 
important implications in terms of biochemical activity. 

Approaches to quantitating steady state concentrations of total unbound 
active TCA in plasma using a 'bioassay' in which irides are incubated in 
patient's plasma and the activity is measured in terms of extent of inhibition 
of 3H-NE uptake (Borgft et al., 1970) do not need to take into account 

Table 5 Comparison of percentage of free parent TCA and 
free hydroxylated metabolities using cerebrospinal f1uid-to­
plasma concentration ratios 

Drug 

Nortriptyline· 
10-Hydroxytriptyline· 
Desipraminet 
2-Hydroxydesipraminet 

Cone. in cerebrospinal fluid 

Conc. in plasma 

4.5 (3.7-5.2) 
5.4 (5.1-5.8) 

12.5 (10.4-15.5) 
17.7 (12.9-25.4) 

xl00 

·Mean and range of values in three patients (Bertilsson et ai., 
1979) 

tMean and range of values in seven patients (W. Z. Potter, 
H. M. Calil and T. Sutfin, unpublished data). 
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multiple drug forms. As might be expected, using another technique, 
inhibition of binding of 3H-IMI to high affinity platelet binding sites is 
related directly to the sum of IMI and OH-IMI in plasma rather than IMI 
alone (S. M. Paul and W. Z. Potter, unpublished data). The limitation of 
such techniques concerns the previously discussed issue (Potter et al., 
1980a) of what is relevant to measure. Ultimately, such 'bioassays' may 
simplify the task of dealing with multiple active drug forms. In the mean­
time, it is appropriate to quantitate all specific active drug forms by chemical 
methodologies in order to clarify what is the relevant activity. 

A final practical clinical aspect of the pharmacokinetics of active hydroxy­
lated metabolites merits mention: if the renal clearance of unconjugated 
hydroxylated metabolites is quantitatively important, as suggested for 
OH-NT (Kragh-S0rensen et aI., 1977), then impaired renal function may 
produce accumulation of active drug. For instance, since renal clearance 
decreases with aging, this could account for the disproportionately high 
concentration of lO-OH-NT for a given concentration of NT seen in elderly 
patients (Bertilsson et al., 1979). This could have both clinical and toxicolo­
gical implications (Potter et al., 1980a). 

OVERVIEW 

Although it has been recognized for almost two decades that demethylated 
metabolites of TeA have biologic and clinical activity, the possibility that 
this is the case for hydroxylated metabolites has only recently been consi­
dered. Since the activities of the hydroxylated TeA appear to parallel those 
of the respective tertiary or secondary amine parent compound they do not 
really complicate pharmacodynamic studies. The question of what is the 
clinically relevant active TeA form has been the subject of a previous 
discussion (Potter et al., 1980a). It was concluded that available clinical 
response data is unable to provide the precise measures of change which 
might directly relate to one of many biochemical activities. 

In this paper a more modest pharmacodynamic task has been discussed. 
Side effects are more 'objectively' quantifiable along a continuum than 
antidepressant response, as are the numerous interactions of TeA with a 
variety of 'receptors'. Thus, it should be possible to at least identify the 
active TeA form(s) responsible for clear-cut side effects. When considered 
in detail, however, it becomes clear that the boundaries of moving from in 
vitro potency to a clinical situation have not been defined. Is an in vitro 
lO-fold difference in potency clinically significant? In the future, questions 
should be answerable if basic principles are taken into account. The impor­
tant pharmacologic principle here would be to compare concentrations bf 
TeA in man which are in a linear concentration-response range, not in the 
flat part of a curve where maximum effects are already present - this may, 
for example, be the case in some comparisons of the antisalivary effect of 
TeA. 
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In order to adhere to such basic pharmacological principles, active TCA 
must, of course, be quantitated. Therefore, an understanding of the phar­
macokinetics of TCA and their metabolites is necessary. Some relevant 
points are as follows: (1) parent TCA concentrations partly predict those of 
the hydroxylated metabolite; (2) following administration of tertiary amine 
TCA and under steady state conditions there is likely to be a preponderance 
of total demethylated forms if the hydroxylated metabolite is included; (3) 
extreme concentrations of hydroxylated metabolite (high or low) are a 
function both of the rate of hydroxylation and the rate of glucuronidation; 
(4) variations in the preparation of unbound drug may be significant among 
different TCA metabolites and influence the 'weight' that each component 
be given if total (bound+free) concentrations are used; and (5) 'bioassays' 
of total active drug may prove useful but depend on the yet to be demon­
strated clinical relevance of those that are available. 

In attempting to relate TCA concentration to a variety of effects, im­
proved results should be possible by quantitation of all active drug forms. As 
long as one is working with a secondary amine TCA and its similarly active 
hydroxylated metabolite there appear to be practical models for investigat­
ing the relationship to effect (Atkinson and Strong, 1977; Collste et al., 
1979). It is unlikely, however, that comparisons of sums, ratios, or weighted 
proportions of tertiary and secondary amine TCA plus hydroxylated 
metabolites with effect(s) will provide the precise demonstrations that are 
needed. Within these limitations, taking into account active metabolites of 
TCA should help to clarify concentration-response relationships and 
perhaps explain discrepancies in the literature. 
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dothiepin and its metabolites on serotonin 
uptake by human blood platelets in yitro 
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INTRODUCTION 

It has been well established that tricyclic antidepressants (TCA) inhibit 
catecholamine and indoleamine uptake in the central nervous system 
(Carlsson et ai., 1966, 1968, 1969). While it is not possible to study human 
brain tissue directly, the blood platelet is readily available and is generally 
regarded as a good model of serotonergic neurons (Sneddon, 1973; 
Lingjrerde, 1977). The effect of TCA on the uptake of serotonin (5-HT) by 
blood platelets has been studied for several drugs (Todrick and Tait, 1969; 
Waldmeier et ai., 1976; Lingjrerde, 1976; Ehsanullah and Turner, 1977; 
Loonen and Soudijn, 1979; Lingjrerde, 1979). Such studies have provided 
additional evidence for the mechanism of action of these compounds and 
antiserotonergic activity in the platelet system may indicate substances with 
potential antidepressant properties. 

Dothiepin (Prothiaden, Boots) is a tricyclic compound structurally related 
to doxepin and amitriptyline (AMI) (see figure I). Clinical trials have shown 
dothiepin to possess antidepressant properties (Lipsedge et ai., 1971). 
Dothiepin undergoes extensive metabolism in man to produce three major 
metabolites: northiaden (N-demetbyldothiepin), dothiepin-5-oxide and 
northiaden-5-oxide (Crampton et ai., 1978). Recent studies have shown 
that certain tricyclic metabolites possess antiserotonergic activity (Potter et 
ai., 1979). It was of interest to study dothiepin and its metabolites for the 
ability to block 5-HT uptake by blood platelets as an indicator of pos­
sible antidepressant activity of these compounds. The kinetics of inhibi­
tion had not been studied for these substances and were determined in this 
investigation. 
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Figure 1 Structure of dothiepin in relation to doxepin and AMI. 

METHODS 

Blood (30 ml) was collected from healthy unmedicated volunteers by veni­
puncture from an antecubital vein and mixed with dipotassium EDT A to a 
final concentration of 4 roM. Platelet-rich plasma (PRP) was prepared by 
centrifugation at low speed (250g) for 15 min at room temperature. 
Platelets were isolated by centrifugation of the PRP at higher speeds 
(2000g) at room temperature for 15 min. The supernatant was discarded, 
the test tubes drained onto filter paper for a few minutes, and the remaining 
supernatant cautiously wiped off with filter paper. The platelets were 
resuspended in a protein-free medium (100 mM phosphate buffer pH 7.4, 
70 roM NaCl, 7.5 roM KC1) to a concentration half that in PRP. Aliquots of 
1 ml platelet suspension were mixed with a maximum of 50 .... 1 of drug 
solution to give final concentrations ranging from 10-5 to 8 xI 0-4 M. The 
samples were preincubated in a shaking water bath at 37°C for 10 min and 
14C-5-HT (5-hydroxytryptamine-2-14C-binoxalate from New England Nuc­
lear, Boston, USA; specific activity adjusted to 11.4 .... Ci .... mol-1) was added 
in a volume not exceeding 20 .... 1, to final concentrations varying from 
1. 7 x 10-6 to 6.7 x 10-6 M. The reaction was stopped after 2 min by the 
addition of 1 ml of ice-cold phosphate buffer and transferring the tubes to 
ice. The platelets were isolated by centrifugation at 2000gat 4°C for 25 min, 
the supernatant discarded and the tubes drained over filter paper as before. 
One milliliter of distilled water was added to each of the tubes, which were 
then frozen and thawed twice to rupture the platelet membrane and release 
the stored 5-HT. After further centrifugation, 0.6 ml of the supernatant was 
transferred to counting vials, mixed with 10 ml of Triton solution and the 
radioactivity measured in a Packard Tri-Carb model 3330 liquid scintilla­
tion spectrometer. 



Dothiepin and Serotonin Uptake in Platelets 157 

To correct for 5-HT trapped in the small volume of medium in the platelet 
pellet, and the small amount of 5-HT bound to the outer membrane of the 
platelets, blank values were obtained by adding 14C-5-HT to samples kept in 
ice, with separate blanks obtained for each concentration of 5-HT used. 
Using this method it has been shown that no measurable passive uptake of 
5-HT occurs, and that the initial rate of uptake obeys simple 
Michaelis- Menten kinetics up to a substrate concentration of 4 JJ.M 
(Lingjrerde, 1979). All assays were run in triplicate and mean values are 
reported. 

Dothiepin, northiaden and their S-oxides were supplied by Boots Com­
pany (Australia) Pty Ltd, Sydney, and were used as received. Triton 
phosphor solution was prepared from Triton X-100 (500 ml), dimethyl 
POPOP (1.074 g) and PPO (10.74 g) dissolved in 1.51 oftoluene. 

The number of platelets was assessed using a Thrombocounter Model C 
by adding a small volume of the platelet-rich suspension to isotone and 
counting. A yield of 108 - 3 X 108 platelets ml-1 was obtained by this method. 

RESULTS 

The compounds used in this study all have a marked inhibitory effect on 
5-HT uptake by platelets in an artificial protein-free medium as shown in 
figure 2. A substrate concentration of 1.8 xl 0-6 M was used in this experi-
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Figure 2 Inhibitory effect of dothiepin and its metabolites on 5-HT uptake in 
protein-free medium (see 'Methods'). Platelets were incubated with I4C-5-HT for 
5 min. Uptake (total radioactivity minus blank value) given as a percentage of 
controls without drugs added. Each point is the mean of three parallel samples. 
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ment, which is near to the apparent Km for 5-HT uptake in platelets 
(Lingjrerde, 1976). At this 5-HT concentration the ICso values (the con­
centration for 50 percent inhibition of 5-HT uptake) of the four com­
pounds showed the following order of relative potencies: 
dothiepin> northiaden> northiaden-S-oxide> dothiepin-S-oxide. Table 1 
gives the ICso values for the compounds studied. 

Table 1 Concentrations for 50 percent in­
hibition of serotonin uptake by dothiepin 
and its metabolites 

Compound 

Dothiepin 
Northiaden 
Northiaden sulfoxide 
Dothiepin sulfoxide 

ICso (J.LM) 

<5 
<10 

73 
198 

The kinetics of the inhibitory effect of each of the drugs was determined 
by using the double-reciprocal plot ofl/v(in nanomolesof 14C-5-HTper 108 

platelets per minute) versus lis (5-HT concentration in micromolarities) 
(Lineweaver and Burk, 1934). Values of Km and V max were determined from 
the intercepts on the horizontal and vertical axes respectively. Figure 3 
shows the inhibitory effect of dothiepin-S-oxide, with similar results being 
obtained for the other compounds investigated. As has been found for other 
tricyclic antidepressants, a competitive inhibition was observed. 
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Figure 3 Double reciprocal plot of 5-HT uptake at varying concentrations of 5-HT 
and dothiepin-S-oxide in protein-free medium. 
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DISCUSSION 

Dothiepin and its metabolites are all competitive inhibitors of 5-HT uptake 
by the blood platelet. In this respect they are similar to other TCA. 
Dothiepin most resembles doxepin in its chemical structure, which under 
similar experimental conditions, has been shown to have an IC50 of 
2x 10-7 M (Lingj<erde, 1976) Dothiepin and its metabolites are weaker 
inhibitors than doxepin. 

For all four compounds used in this study, the possibility of cis-trans 
isomerism exists. The relative proportion of each isomer in the compounds 
used in this study was not ascertained, nor was the inhibitory effect of one 
geometric isomer compared to the other. Trans-doxepin has a more potent 
inhibitory effect than cis-doxepin (Buczko et aI., 1974). Further studies are 
required to examine this effect for dothiepin and its metabolites. 

The pharmacological activity of the sulfoxides in man merits further 
investigation. Both sulfoxides possess antiserotonergic activity and, after 
single oral doses, dothiepin-5-oxide reaches higher concentrations in blood 
than dothiepin or northiaden (Maguire et aI., 1980). This would suggest that 
after chronic dosing the sulfoxide would build up to higher concentrations at 
steady state than either dothiepin or northiaden. 
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Active metabolites of antidepressants: 
novel aspects of hydroxylation and 

demethylation in man 
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Mellstrom, Juliette Sawe, Hans-Ulrich Schulz* and Folke Sjoqvist 
(Department of Clinical Pharmacology at Karolinska Institutet, Huddinge 

Hospital, S-141 86 Huddinge, Sweden) 

INTRODUCTION 

The tricyclic antidepressant (TCA) tertiary amines imipramine (IMI) and 
amitriptyline (AMI) were found, soon after their introduction as drugs, to 
have active demethyl metabolites-desipramine (DMI) and nortriptyline 
(NT) (figure 1). These two secondary amines were later introduced as 
antidepressant drugs. Similarly the potent serotonin (5-HT) uptake inhibi­
tor chlorimipramine (CI) is demethylated to an active secondary amine. In 
almost every patient the steady state plasma levels of demethylchlorimi­
pramine (OM CI) exceeded those of the parent drug (Traskman et aI., 1979; 
Thoren et ai., 1980). As the demethyl metabolite is a potent inhibitor of 
norepinephrine (NE) uptake, demethylation changes the pharmacodynamic 
profile of the drug (Traskman et ai., 1979; Thoren et aI., 1980). 

During the last few years it has also been shown that both DMI (Siwers et 
ai., 1977; Potter et aI., 1979) and NT (Bertilsson et aI., 1979) have hydroxy 
metabolites that are potent inhibitors of the neuronal uptake of NE. If the 
antidepressant effect of NT is related to NE uptake inhibition, 10-
hydroxynortriptyline (lO-OH-NT) in many cases (especially in the elderly) 
may contribute significantly to the clinical effect (Bertilsson et aI., 1979). 

The two metabolic reactions, demethylation and hydroxylation, are thus 
important for both the qualitative and quantative effects of antidepressants 
in man. We have therefore investigated the regulation of these reactions in 
man in more detail using both in vivo and in vitro methods. 

* Present address: Department of Angiology and Geriatrics, Medical School of 
Lubeck, Federal Republic of Germany. 
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Figure 1 Main metabolic pathways of amitriptyline. (From Rollins et al., 1980.) 

DEMETHYLATION OF AMITRIPTYLINE AND 
CHLORIMIPRAMINE IN VIVO 

The two structurally similar drugs AMI and CI were administered to 15 
depressed patients in a cross-over study (Mellstrom et al., 1979). The steady 
state plasma levels of the parent drugs and their demethyl metabolites were 
determined by high performance liquid chromatography (HPLC) 
(Mellstrom and Tybring, 1977; Mellstrom and Braithwaite, 1978). An 
interindividual variation of about fivefold was found in the plasma levels 
of all four compcounds. 

As the reciprocal plasma level during multiple dosing is proportional to 
the clearance of a compound, this parameter was used for linear regression 
analysis. In these 15 patients there was a significant correlation between the 
reciprocal plasma levels of CI and DMCI (r=0.76) and also between AMI 
and NT (r=0.52) (table 1). The levels of AMI and CI were closely 
correlated (r=0.87) and a similar correlation was found for the demethyl 
metabolites. These results indicate that similar factors control the plasma 
levels of AMI and CI during treatment of depression and that similar or 
identical enzymes may be involved in the metabolism of the two drugs. 

In order to obtain an estimate of an individual's capacity to demethylate a 
drug, we have chosen AMI as a model compound, as the demethyl metabo­
lite NT is a registered drug, which can easily be administered per se. To be 
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Table 1 Coefficients of linear regression analysis 
between reciprocal plasma levels of AMI and CI 
and their demethyl metabolites 

Variables 

CIvs.DMCI 
AMIvs.NT 
AMIvs. CI 
NTvs.DMCI 

Correlation 
coefficients 

0.76 
0.52 
0.87 
0.77 

From Mellstrom et al. (1979). 

Significance, 
p< 

0.001 
0.05 
0.001 
0.001 

able to determine the degree of demethylation both the parent drug and the 
metabolite have to be administered (see below). In addition to demethyla­
tion, AMI is also metabolized by 10-hydroxylation (figure 1). 

AMI and NT were administered to six healthy volunteers as single oral 
and intramuscular doses (Rollins et al., 1980). The plasma level-time 
curves of AMI and/or NT are depicted for one subject in figure 2. The 
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Figure 2 Plasma concentration-time curves of AMI (e-e) and NT (0---0) 
obtained in subject A.B. The doses were: AMI p.o. 50 mg; AMI i.m. 25 mg; NT p.o. 
57 mg; NTi.m. 28.5 mg. (From Rollins etal., 1980.) 
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plasma curves after a single oral dose of AMI shown in figure 2 are typical 
for five of the six subjects. NT rapidly reached its peak concentration and 
within 24 h the NT concentration exceeded that of AMI. In these five 
subjects, the terminal elimination half-life of NT was longer than that of 
AMI. 

An equation was derived for the estimation of the fraction of an oral dose 
of AMI being demethylated to NT (f): 

AUCNT (AMI)/DoseAMI 
~--------------

where AUCNT (AMI) is the area under the plasma concentration-time curve 
of NT found after an oral dose of AMI (doseAMI)' AUCNTis the AUCofNT 
when given orally per se(Rollins et al., 1980). Using this model, the fraction f 
of AMI demethylated to NT ranged from 0.25 to 0.89. The fraction fseemed 
to correlate with the estimated oral clearance of AMI (r=0.66), but this 
trend did not reach statistical significance in the six subjects investigated. 

The overall data indicate that demethylation is of primary importance for 
the elimination of AMI at the doses studied. 

METABOLISM OF ANTIDEPRESSANTS IN A 
PHARMACOGENETIC PERSPECTIVE 

The late Dr Balzar Alexanderson showed in twin studies more than 10 years 
ago that the kinetics of NT are controlled by genetic factors (Alexanderson 
et al., 1969; Alexanderson, 1973). From family studies it was implicated that 
a limited number of allelic genes are involved in controlling steady state 
plasma concentrations of NT (Asberg et al., 1971). However, in early 
studies Hammer and Sj5qvist (1967) had found an apparent bimodal 
distribution of the plasma concentration of TCA. 

The elimination of NT depends on its rate of 10-hydroxylation, which 
varies markedly between healthy volunteers, with a minority showing very 
low hydroxylating capacity (Alexanderson, 1973; Alexanderson and BorgA, 
1973). Recently, polymorphic N-oxidation of sparteine (Eichelbaum et aI., 
1975, 1979) and C-oxidation of debrisoquine (Mahgoub et al., 1977; 
Woolhouse et al., 1979) (figure 3) were demonstrated. Thereby, new tools 
have become available to explore the regulation of drug oxidation in man. 
About 5 percent of a German sample of volunteers were phenotyped as 
sparteine non-metabolizers (Eichelbaum et al., 1979). A similar incidence 
(about 8 percent) of defective debrisoquine hydroxylators (a urinary 
debrisoquine/4-hydroxydebrisoquine ratio exceeding 20) was found in a 
British population (Woolhouse et al., 1979; upper panel in figure 4). The 
two metabolic reactions might be controlled by similar (the same?) genetic 
factors (Bertilsson et al., 1980a; Inaba et al., 1980). Of 118 healthy Swedish 
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subjects investigated so far only two (1.7 percent) were defective debriso­
quine hydroxylators ( a metabolic ratio exceeding 20) (figure 4). 

Eight of the Swedish subjects, covering a wide range of ability to hydroxy­
late debrisoquine, were subsequently given single oral doses of both AMI 
and NT. The plasma clearance of NT in the eight subjects varied from 0.30 
to 0.90 I kg-I h- I and there was a fairly close relationship between the 
urinary debrisoquine/4-hydroxydebrisoquine ratio and NT clearance 
(Spearman's rank correlation coefficient rs= -0.83; p=O.Ol) (Bertilsson et 
al., 1980b). As the NT plasma clearance to a great extent is dependent on 
the rate of 10-hydroxylation (Alexanderson, 1973; Alexanderson and 

Debrisoquine Nortriptyline 

Figure 3 Formulae and benzylic hydroxylations of debrisoquine and nortriptyline. 
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Figure 4 Distribution of the metabolic ratio of debrisoquine/4-hydroxy­
debrisoquine in urine after a single dose of debrisoquine in a British population 
(Woolhouse eta/., 1979) and in 118 Swedish healthy SUbjects. 
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BorgA, 1973), the benzylic hydroxylations of NT and debrisoquine (figure 3) 
seem to be controlled by similar genetic factors. 

Recently we have also determined the ability to demethylate AMI in these 
eight individuals using the method of Rollins et al. (1980). AMI and NT 
were administered orally and the fraction of AMI being demethylated (f) 
was determined. f multiplied by the clearance of oral AMI gives an estimate 
of an individual's ability to demethylate AMI. This demethylation estimate 
was not significantly correlated to the debrisoquine metabolic ratio (Spear­
man rs= -0.38; not significant). 

These observations suggest that the 10-hydroxylation of NT but not the 
demethylation of AMI is related to the debrisoquine hydroxylation. Two 
different components of the P-450 system may be involved in the hydroxyla­
tion and demethylation. This finding is in line with the in vitro results 
discussed below. 

METABOLISM OF ANTIDEPRESSANTS BY HUMAN 
LIVER MICROSOMES IN VITRO 

To be able to interpret the pharmacokinetic data obtained with antidepres­
sants in drug metabolic terms, we have studied their metabolism in human 
liver microsomes. Specimens of human adult livers were obtained within 
20 min after stopping artificial respiration and life-supporting treatment of 
patients without cerebral activity, who were selected as kidney donors. 
Homogenization and subcellular fractionation was performed shortly there­
after (von Bahr et al., 1980). The microsomes were stored at -80°C until 
used. 

When AMI was incubated with human liver microsomes the formation of 
NT and 10-0H-AMI was studied (figure 1). At an AMI concentration up 
to 250 J.LM, the demethylation showed no tendency to be saturated, but the 
hydroxylation did. In 13 livers studied the ratio between the rates of 
demethylation and hydroxylation was 6.7±2.7 (mean±s.D.) at an AMI 
concentration of 100 J.LM, while it was significantly lower (3.3±1.6; 
p<O.OOl) at a substrate concentration of 5 J.LM. This indicates that there is 
concentration-dependent metabolism of AMI in man. 

When AMI was given orally, NT was present in plasma in fairly high 
concentrations (figure 2). On the other hand, when AMI was given in­
tramuscularly to six healthy individuals, NT could never be detected in the 
plasma, although the HPLC assay may detect levels down to about 
3 nmoll- 1 (= 1 ng ml- 1 ; Rollins et al., 1980). This difference after oral and 
parenteral administration may be related to the finding of concentration­
dependent metabolism of AMI. After an oral administration of AMI there 
will be an initial high concentration of the drug in the liver before entering 
the systemic circulation and the major metabolic reaction is then demethyla­
tion, not hydroxylation (which may approach saturation at high concentra-
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tions). When AMI is given i.m. the drug is distributed in the body and fairly 
low concentrations of the drug reach the liver. At such low substrate 
concentrations hydroxylation may not be saturated and NT formed may be 
hydroxylated before reaching the systemic circulation. Alternatively AMI 
may be predominantly hydroxylated after an i.m. dose, a hypothesis being 
explored at present. 

Another example where in vitro investigations may elucidate unexplain­
able findings in vivo is the fact that very little of a given oral AMI dose is 
excreted as lO-OH-AMI. Biggs et al. (1979) and unpublished results from 
our group have shown that only 3-5 percent of the dose is excreted as 
lO-OH-AMI and about 40 percent of the dose as lO-OH-NT. The rate of 
demethylation of lO-OH-AMI in vitro in human liver microsomes seems to 
be at least as fast as the lO-hydroxylation of AMI (table 2). The lO-OH­
AMI formed in vivo from AMI may therefore be further metabolized to 
lO-OH-NT, which will be the major metabolite of AMI in body fluids. 

Table 2 Metabolism of AMI and some of its metabolites in vitro in human liver 
microsomes. The incubations were performed at 37°C for 10 min with a protein 
concentration of 1 mg ml- I and a substrate concentration of 5 ~M 

Reaction 

AMI ~NT 

AMI ~ 10-OH-AMI 
NT -+lO-OH-NT 
lO-OH-AMI~ lO-OH-NT 
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Rate of reaction (mean±s.D.) 
(pmol (mg protein)-I min-I) 
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INTRODUCTION 

Most pharmacological actions are the result of binding of drug molecules to 
specific receptors. However, only in a few instances are these receptors 
known entities which lend themselves to investigation. Thus, the large 
number of binding studies carried out in recent years rather reflects the fact 
that there is a multitude of additional drug binding sites, such as metabolic 
and transport sites, as well as a variety of non-specific sites. The latter are 
also called 'silent receptors' or 'sites of loss' since their occupation does not 
result in pharmacological actions. However, this kind of binding is believed 
to be a major determinant of pharmacokinetics which again modifies 
pharmacodynamics. 

PLASMA BINDING 

Plasma albumin has long been known to be a non-specific binder for a 
multitude of drugs. Many acidic drugs are strongly bound to albumin which 
often limits their volume of distribution. Binding studies with albumin have 
therefore been carried out for pharmacokinetic reasons, but also as a model 
of molecular interactions between drugs and biological macromolecules. 

Most psychotropic drugs are basic lipophilic compounds. Like acidic 
drugs they bind to albumin, but their binding affinities are usually lower 
(Weder and Bickel, 1970; Jusko and Gretch, 1976). In addition to albumin, 
psychotropic drugs like chlorpromazine (CPZ) and imipramine (lMI) also 
bind to serum lipoproteins and to red cells (Bickel, 1975). In recent years, 
a-acid glycoprotein was found to be an additional binder of many basic 
lipophilic drugs, including IMI. 
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In spite of multiple plasma binding, psychotropic drugs are usually 
characterized by very high volumes of distribution, that is by tissue/blood 
concentration ratios of the order of 100. In the presumed absence of active 
transport processes for this type of compound, such a concentration gradient 
may be explained by tissue binding which over-compensates plasma binding 
and creates a sink effect. This hypothesis was one of the reasons for our 
tissue binding studies which will be briefly summarized. 

TISSUE BINDING 

Binding studies with tissue homogenates and similar preparations were 
carried out using conventional techniques such as equilibrium dialysis, 
ultracentrifuge sedimentation, or difference spectrophotometry (Bickel and 
Steele, 1974). Most of the tested psychotropic drugs revealed reversible, 
non-specific tissue binding to two classes of binding sites, neither of them 
being cytochrome P-450. Using subcellular fractions, the binding of CPZ 
and IMI could be traced to intracellular membrane fractions and finally to 
membrane phospholipids (Di Francesco and Bickel, 1977). Pure lecithin 
liposomes showed the same binding characteristics. The association con­
stant of the high affinity site for CPZ was 3 x 104 M- 1, its binding capacity 
580 nmol mg- 1 phospholipid, and total capacity was 2.5 times as much. 
Thus, both affinity and capacity of tissue binding were higher than the 
corresponding values of albumin or other plasma binders. 

Membrane binding of CPZ and IMI was further characterized by binding 
studies with liposomes consisting of chemically pure lipids of various head 
group charges, chain lengths, and number of double bonds, and by l~sing 
various techniques and temperatures (Romer and Bickel, 1979). These 
studies lead to the following conclusions: Binding of the drugs is dependent 
on the physical state of the membrane lipids (gel or liquid crystalline) rather 
than on their chain length or degree of unsaturation. Binding of the drugs 
leads to isothermic fluidization of a rigid membrane. As revealed by the use 
of fluorescence markers, IMI binds near the polar surface of the membrane 
bilayer, whereas the more lipophilic and planar CPZ has additional binding 
sites in the non-polar core of the bilayer. 

BINDING COMPETITION 

The fact that psychotropic drugs are bound both to plasma and to tissue 
components, and that the latter binding is more pronounced in terms of 
affinity and capacity, suggests the existence of a binding competition opera­
tive between the intracellular and extracellular compartments. In order to 
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gain insight into the mechanism of binding competition, distribution dialysis 
was used as a simple in vitro model. In this model, each of the two chambers 
of an equilibrium dialysis device contains a binder which simulates intra- and 
extracellular phases, respectively, and a drug is then allowed to distribute in 
this system. The use of binders of known binding affinities and capacities in 
varying proportions clearly showed that a binding competition was opera­
tive in this system and that the distribution of drugs was a function of it. 
Using tissue homogenates and whole blood as binders, the distribution was 
comparable to the tissue/blood concentration ratios obtained in vivo. Thus, 
drug distribution is largely determined by a binding competition between 
tissue and blood sites. 

Certain drugs, when given orally, largely disappear during their first 
passage through the liver, that is before reaching the systemic circulation. 
This first-pass effect is typical for many basic lipophilic drugs with a high 
volume of distribution, including psychotropic drugs. In a study with isolated 
rat livers perfused with IMI at therapeutic concentrations, 99 percent of the 
drug was taken up in the first passage; uptake rate was much higher than 
metabolism rate, and uptake was not significantly decreased by the presence 
of albumin or other binders in the perfusate (Stegmann and Bickel, 1977). 
Thus, intracellular binding produces a strong sink effect which results in a 
non-restrictive transport from blood to tissue. In other words, both free and 
plasma protein-bound drug are available for uptake, and binding competi­
tion is highly in favor of intracellular binding. 

PSYCHOTROPIC DRUGS AS LYSOSOMOTROPIC AGENTS 

Still another kind of intracellular binding was revealed by studies on 
interactions between psychotropic drugs and cellular receptors. Using cul­
tured human fibroblasts, the uptake and intracellular localization of desip­
ramine (DMI) was studied (Honegger et ai., 1980). Cellular uptake of this 
drug was rapid and led to cell/medium concentration ratios of about 1000. 
Uptake could be enhanced by a rising extracellular pH which is suggestive of 
ion trapping of the basic drug in organelles of acidic contents. In fibroblasts 
chronically treated with DMI, the lysosomal degradation of mucopolysac­
charide sulfates and of membrane phospholipids was inhibited. These 
fibroblasts showed a typical granulation indicating storage of non-degraded 
material. These kinetic, functional, and morphological effects of DMI are 
indicative that this and possibly other antidepressant drugs are concentrated 
within lysosomes. This may not only contribute to pharmacokinetically 
important tissue binding but may also playa role in the mechanism of action 
of these drugs; a correlation may exist between antidepressant-induced 
changes of phospholipid patterns and the coupling of the adenylate cyclase 
to the ~-adrenergic receptors which are known to be desensitized by these 
drugs. 
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Protein binding and monitoring of 
psychotherapeutic drugs in plasma 

OlofBorgll.* 
(Department of Clinical Pharmacology, Huddinge University Hospital, 

Karolinska Institutet, Stockholm, Sweden) 

INTRODUCTION 

Therapeutic drug monitoring is based upon determination of the total drug 
concentration in plasma or serum. This is, of course, acceptable only as long 
as the fraction of unbound drug remains virtually constant within the patient 
population and within each patient. However, under certain circumstances, 
protein binding may vary several-fold between subjects because of differ­
ences in the following: (1) primary structure of the binding proteins; (2) 
concentration of the binding proteins; (3) concentration of endogenous and 
exogenous binding inhibitors; (4) concentration of the drug to be measured. 
These factors (with the exception of (1)) may cause intraindividual as well as 
interindividual variability, since they may be influenced by, for example, 
age, physical activity, other drug therapy and diet. On the other hand, it 
appears that the primary structure of a binding protein is under genetic 
control (Wilding et al., 1977). Furthermore, dramatically increased or 
decreased binding has been observed in several disease states, for example 
renal and liver disease (Piafsky, 1980). 

The practising physician and the drug monitoring service laboratory 
should be concerned about how the variability in protein binding may affect 
the interpretation of the total drug level in plasma. There are probably 
several instances, as will be discussed below, where the accuracy of 
therapeutic monitoring will be greatly improved by the introduction of good 
clinical routine methods for assay of protein binding. This discussion will be 
quite general and not limited to psychotherapeutic drugs, although they may 
serve to illustrate the principles. 

Another instance in therapeutic drug monitoring where protein binding 
plays a critical role is in the blood sampling procedure. Unsuitable blood 

* Present address: Research and Development Department, AB Draco (subsidiary 
of AB Astra), Box 1707, S-221 01 Lund, Sweden. 
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collection material or procedures may affect drug protein binding, thereby 
affecting both the total and the unbound drug level in the plasma sample. 

It may be relevant, at this moment, to point out that in general the 
importance of protein binding will be inversely related to the magnitude of 
the unbound fraction. Therefore, the problems associated with interin­
dividual variability and different blood sampling procedures, as outlined 
above, will be most important for highly bound drugs, that is drugs bound to 
90 percent or more in plasma. 

THERAPEUTIC DRUG MONITORING- PRACTICAL 
CONSIDERATIONS RELATED TO PROTEIN BINDING 

The steps involved in blood sampling and drug assay, and the important 
questions related to these steps, are examplified in figure 1. 

~ D 

~-

Patient with different binding? 

Unsuitable scrnpIing procajure? 

()ug [released fran I tu:;s? 
taken up by r . 

D 
fnIezing. sblrage. thawing SIabiIiIy? 

D 
WQ1(-up in duplicates 

D D 

Vi Jill 
D D 

O.61J!j/ml 9.41J!j/ml 

ZJ 

Figure 1 The determination of a drug concentration in plasma or serum involves 
several steps where errors may be introduced if unsuitable procedures or materials 
are used. Many laboratories seem unaware of pitfalls in the steps prior to the purely 
analytic~ ones. 
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Blood coDection procedures- effect of temperature 

Drugs that are lipophilic enough, as are most psychotherapeutic agents, will 
rapidly penetrate the red blood cell (RBC) membrane. An equilibrium will 
rapidly be established, the plasma/RBC ratio being determined by binding 
processes in plasma as well as in RBCs. Any factor disturbing these 
processes will alter the plasma/RBC ratio. As an example, plasma protein 
binding of phenytoin increases with decreasing temperature, while RBC 
binding is largely unaffected (Ehrnebo and Odar-Cederlof, 1977). Thus, 
levels of phenytoin in plasma prepared by centrifugation of refrigerated 
blood samples were 10 percent higher than in plasma samples prepared at 
room temperature (BorgA et at., 1980). Many other drugs should be 
expected to behave similarly but data are still insufficient. 

The use of an indwelling heparinized cannula, the so-called heparin lock, 
has been demonstrated to increase the unbound fraction of propranolol 
(Wood et at., 1979) and quinidine (Kessler et aI., 1979). The above 
observations emphasize the need of careful standardization of blood sampl­
ing procedures. 

Blood coDection material 

Erroneously low plasma levels of propranolol were noted by Cotham and 
Shand (1975) when using Vacutainer® tubes. This was shown by them to be 
caused by the presence of some agent in the rubber stoppers of these tubes 
that was able to decrease propranolol protein binding. Thus, the 
plasma/RBC ratio was altered in vitro, and plasma levels of propranolol 
were drastically reduced. The displacing agent has been identified as tris(2-
butoxyethyl)phosphate (TBEP) and its action shown to be limited to drugs 
bound to aI-acid glycoprotein (AAG) (BorgA et aI., 1977). Lowered plasma 
levels when using Vacutainers have been observed for a number of 
lipophilic basic drugs, as shown in table 1, which is restricted only to 
psychotherapeutic agents. It thus may appear that all drugs in table 1 are to 
some extent bound to AAG. However, it remains to be proved that the 
above mechanism is the only explanation to the decreased plasma level for 
several of the drugs in the table, since adsorption to the rubber material is 
another theoretical possibility. 

VARIANCE IN PROTEIN BINDING VERSUS VARIANCE 
IN DRUG ASSAY 

For drugs where the intersubject variation in unbound fraction is large, there 
is an obvious analogy between the determination of the total plasma level 
and the use of a drug assay of poor precision. However, while most 
laboratories would try to improve a poor assay method, probably very few 
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Table 1 Effect of Vacutainers on binding and plasma levels (c;,) * 

Drug Effect Reference 

AmitriPtyline} Decreased c;, Cochran etal. (1978), Veith 
N ortripty line et at. (1978) 

Chlorimipramine } 
Demethylchlorimipramine Decreased c;, Mellstrom and Tybring (1977) 

Doxepin Decreased c;, Veith etat. (1978) 

Imipramine Decreased binding Borgii et al. (1977) 
Decreased c;, Brunswick and Mendels (1977) 

Desmethylimipramine Decreased c;, Cochran et at. (1978), Veith 
et at. (1978) 

Zimelidine } 
N orzimelidine Decreased c;, Westerlund et at. (1979) 

Neuroleptics Decreased binding Freedberg et al. (1979) 

*Slightly modified and extended from Piafsky (1980). 

would feel motivated to introduce determination of unbound drug levels. 
However, a large biological variability in protein binding may be equally 
deleterious to the final result as a large variability in the analytical step, at 
least from the viewpoint of the physician using the monitoring service. 
Figure 2 is an attempt to illustrate this with a purely hypothetical case. In the 
example, the variability in protein binding of the drug is 20 percent (relative 
S.D.) while that of the analytical method is only 7 percent. The overall 
variability in the estimation of the underlying pharmacologically interesting 

therapeutic interval 

10 20 

IIII!IIIIIII!IIIIIIIIIIIIIIIIIIIIIIIIIIII 
nmoles/L 30 

I 
.. 
7'1. SO, analytical method 

V 
20'1. SO, unbound fraction 

Figure 2 When total concentration in plasma is used as an index of unbound (that is 
pharmacologically active) drug then the total variance will be the sum of the variance 
in the analytical procedure and of interindividual variance in free fraction in plasma. 
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(that is the unbound) drug concentration will be 21 percent (expressed as a 
relative S.D.), in other words mainly governed by the biological variability in 
binding. The way to improve the situation is to determine each individual's 
drug binding, not to improve the analytical assay. 

In the case in figure 2 the therapeutic interval is from 10 to 20 nmoll- I . 

With an overall S.D. of 21 percent, a borderline concentration such as 
20 nmoll- I would represent a 'true' value somewhere within the range 
16-24 nmoll- I (that is 20±1 S.D.) in 68 cases out of 100 and within the 
range 12-28 nmoll- I (20±2 S.D.) in 96 cases out of 100. This illustrates that 
a total level of 20 nmoll- I may be a therapeutic concentration in one 
individual and produce dose-related side effects in another, yet the explana­
tion in the latter case has nothing to do with increased sensitivity. 

The previous reasoning was based upon the assumption that the therapeu­
tic range was valid for an 'average' individual with an average binding. 
However, the width of the range may, at least partly, be a result of 
differences in binding, since it has been based upon total drug level data. 
This reasoning would imply that it would be possible to define a more 
narrow therapeutic window based upon unbound drug levels. 

In conclusion, monitoring of unbound drug would be important for drugs 
having large variations in binding within the patient population. Factors 
responsible for such variations will be discussed below. 

PROTEINS RESPONSIBLE FOR BINDING OF BASIC 
DRUGS 

Many drugs which are weak acids are bound mainly to albumin in plasma. 
Not until recently has it become evident that basic drugs - and most 
psychotherapeutic drugs are bases - are bound with low affinity to albumin 
(Piafsky, 1980). 

Other proteins must therefore be responsible for very extensive binding in 
plasma. Recent investigations have shown that AAG binds a number of 
mainly lipophylic basic drugs (see review by Piafsky, 1980). Among 
psychotherapeutic drugs, imipramine (lMI) and chlorpromazine (CPZ) are 
extensively bound to lipoproteins in addition to AAG (Bickel, 1975; Borgft 
et al., 1977). The binding pattern of tricyclic antidepressants in plasma may 
in fact be even more complex, since studies using equilibrium gel filtration 
indicate the presence of four binding proteins of desmethylimipramine 
(DMI) (figure 3) (Borgft, 1973). In the light of recent studies, binding in the 
first peak (19 s) may be assigned to lipoproteins (Danon and Chen, 1979), 
while the third peak (4 s) represents binding to AAG and (to a minor extent) 
albumin (Borgft et al., 1977). The second peak (7 s) must therefore repres­
ent binding to a so far unidentified protein. Binding to lipoproteins may be a 
more general phenomenon than appreciated at the moment, since so far 
very few drugs have been studied in this respect (Vallner and Chen, 1977). 
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Figure 3 Binding of desmethylimipramine to plasma components using the techni­
que of Hummel and Dreyer (1962). Heparinized plasma (2 ml) containing 5 percent 
glucose to increase the density was applied to a Sephadex G200 column 
(180 cm x 1.5 cm, i.d.) pre-equilibrated with 3H -desmethylimipramine (S.A. 
14.7 mCi mmol- 1, concentration 0.3IJ.M). The proteins were eluted at 20°C with a 
0.1 M phosphate buffer (pH 7.4) containing 0.3 IJ.M ofthe labeled drug. The radioac­
tivity and optical density at 280 nm were determined in 5 ml fractions of the eluate 
(BorgA, 1973). 

EXTENT OF BINDING AS A FUNCTION OF PROTEIN 
CONCENTRATION 

At low enough drug concentrations the so-called binding ratio 
(bound/unbound) of the drug is linearly related to the concentration (1') of 
the binding protein (Odar-Cederlof and Borgfi, 1976): 

Bound fraction p 
Unbound fraction nK,. , 

where n is the number of binding sites and Ka the association constant. For 
drugs where nK,. is large enough, the bound fraction is close to unity. Thus 
(after rearrangement), 

1 1 1 
Unbound fraction= nK,. -=Constantx -P P. 

Thus an x-fold increase in Pcan, at the most, result in an x-fold decrease in 
unbound fraction. As an example, in a study in 60 subjects, both healthy and 
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with various diseases, the variation in AAG concentration was approxi­
mately sixfold (table 2) (Piafsky et aI., 1978). Unbound CPZ varied fivefold 
(0.57-2.74 percent) as a function of this variation. Contribution oflipopro­
tein binding was not investigated. Patients with Crohn's disease and inflam­
matory arthritis had the highest levels of AAG while the healthy controls 
varied from 0.50 to 1.07 g I-I. However, even among subjects thought to be 
healthy, a fivefold variation in AAG may occur (Alvan et at., 1981; Sager et 
at., 1979). Such variations will render predictions on whether a particular 
individual has a normal or altered protein binding impossible. 

In healthy subjects, unbound IMI was negatively correlated to AAG 
levels (Piafsky and Borg~, 1977). In healthy subjects and patients with 
hyperlipoproteinemia Danon and Chen (1979) found higher binding of IMI 
in the latter. The differences were significantly correlated to plasma choles­
terol and triglyceride levels. 

QUALITATIVE FACTORS INFLUENCING BINDING 

Among patients with vascular disease treated simultaneously with warfarin 
and other drugs, the unbound fraction of warfarin varied fourfold and quite 
independent of the relatively moderate differences in plasma albumin, the 
main binding protein of warfarin (Yacobi et aI., 1976). This may be 
explained by the presence of endogenous binding inhibitors (Sjoholm et aI., 
1976), or shall we call them binding modulators since some of them cause 
increased rather than decreased binding (Nilsen et aI., 1977)? These mod­
ulators may then be present in concentrations that vary between subjects. 
Another explanation is genetic differences in the structure of albumin as 
indicated in a study in twins (Wilding et aI., 1977). It is too early to speculate 
whether similar mechanisms are operating in drug binding to lipoproteins or 
AAG. However, in a selected group of patients with chronic renal failure 
and no other concurrent disease, the unbound fractions of propanolol and 
CPZ were significantly correlated to increasing concentration of serum 
creatinine (Piafsky et at., 1978). Also, basic drugs may compete for common 
binding sites; for example, quinidine added to plasma in concentrations 
between 15 and 154 nmoll- I displaces propanolol, probably from a com­
mon site on AAG (Borg~ and Stiko, unpublished). Various basic drugs such 
as prazocine, dipyridamole and CPZ and the steroid hormones progesterone 
and testosterone are able to decrease propranolol binding to AAG (Jacob­
sen, 1980). 

METHODOLOGY TO MEASURE PROTEIN BINDING 

The two standard methods are equilibrium dialysis and ultrafiltration, and 
these are also the main methods that have been used in studies on 
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psychotherapeutic drugs. These drugs may, however, present special prob­
lems in the two methods as will be discussed later. In general, protein 
binding determinations, in order to give results that can be extrapolated to 
the in vivo situation, must be applied with the following considerations: 

(1) Human plasma (or serum) should be used rather than isolated protein 
fractions, and all precautions should be taken to preserve its integrity. If 
frozen samples have to be used, the effect of freezing and thawing on the 
binding should be investigated for each new drug. 

(2) In general one should try to perform the study at drug concentrations 
well below the molar concentration of the binding protein (unless molar 
therapeutic drug levels are in fact similar to that of the protein). For AAG in 
plasma, normal levels may be as low as 10 J..I.moll- 1• Studies on highly bound 
drugs may then require sensitive analytical methods or access to 
radio labeled drug of high specific activity. 

(3) For addition of the drug to plasma or dialysis buffer, water solutions 
should be preferred since organic solvents are likely to alter binding. If an 
organic solvent has to be used, it may be evaporated off and the residue 
dissolved directly in the plasma. It should be noted that solubility in plasma 
may exceed the solubility in water by several orders of magnitude. 

(4) If the aim of the study is to investigate interindividual variability in 
binding, then the overall variability of the binding assay should be carefully 
evaluated. One method preferred by this author is to include in each assay 
belonging to a particular study a reference sample taken from a stock of 
frozen aliquots of one single control plasma. The figure obtained on 
day-to-day variation of the assay is then particularly relevant to the com­
plete study. Any trend or sudden change in the value of the control plasma 
will serve as an early warning system, indicating, for instance, increasing 
concentrations of radioactive impurities in a labeled drug. 

Equilibrium dialysis 

Several factors may be critical, for example the composition of the buffer, 
the control of pH and the length and temperature of incubation to achieve 
distribution equilibrium. Usual procedures where plasma is allowed to 
equilibriate with an equal volume of buffer of pH 7.3- 7.4 in a small Perspex 
or Teflon chamber will cause a fairly rapid increase in pH with time. Thus, 
pH may increase 0.4-0.5 units in 1 h, probablyduetoa loss of CO2 from the 
plasma, and in spite of the use of an apparently closed system. The pH in 
plasma can be kept at 7.35 by blowing 5 percent CO2 in air over plasma and 
Krebs- Ringer bicarbonate buffer before incubation, and by placing the 
chambers and the shaking device used in the equilibration step in a closed 
box containing the same gas mixture (Nilsen et al., 1977) and kept at the 
appropriate temperature by thermostating the gas (cupboards used in 
microbiology are very suitable). 

If large volumes of buffer compared to plasma are used, the concentration 
of the drug being studied and of various endogenous compounds in plasma 
that are able to modify its binding will be diluted. Thus the buffer compart-
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ment should be as small as practically possible, for example a fourth of the 
plasma compartment. (This will further necessitate good pH control by 
other means than the buffer.) Equilibration times longer than 6- 8 h should 
be avoided if possible, since bacterial growth and protein denaturation may 
occur. It is generally believed that studies should be performed at 37°C. 
However, comparative studies at 37 °C and 20°C may show that the relative 
differences in binding between plasma samples from a group of subjects are 
independent of temperature (Yacobi and Levy, 1975), but this has to be 
investigated for each new drug being studied. 

Ultrafiltration 

In ultrafiltration, plasma water and its low molecular constituents are forced 
through the pores of the semi-permeable membrane. The necessary pres­
sure can be accomplished, for example by centrifugation (Lunde et aI., 
1970) or by suction (Ultra-Free, commercial equipment from Millipore). 
Unless the plasma stays in contact with an atmosphere containing CO2 (5 
percent in air is suitable), the pH will rapidly rise to 7.9- 8.1. For some drugs 
like theophylline this may alter the binding dramatically (Vallner et al., 
1979). 

The use of ultrafiltration is based upon the assumption that drug 
molecules are filtered at the same rate as water, which is not always the case, 
as shown with alprenolol and using certain types of membranes (Johansson 
et aI., 1974). In addition, some membranes are able to adsorb certain drugs 
more or less completely from a water solution passing through them. This is 
a problem that occurs frequently with psychotherapeutic drugs. Apart from 
this, ultrafiltration has several advantages in that it is rapid and causes no 
dilution of plasma components which makes it the method of choice in 
studies on, for example, drug displacement interactions. 

In riyomethods 

The actual 'in vivo' binding may be calculated from the cerebrospinal fluid 
(CSF) to plasma concentration ratio provided that distribution equilibrium 
has been reached. Another prerequisite is that binding does not occur to the 
proteins present in low concentration in the CSF, as demonstrated with CPZ 
(Sedvall, this volume). 

Saliva to plasma ratios give a rough indication of binding but are unsuit­
able to pick up interindividual differences in binding (Barth et al., 1976). 
They are particularly unsuitable for most psychotherapeutic drugs due to the 
difference in pH between saliva and plasma that causes a several-fold 
concentrating effect of these basic drugs into the saliva (Mucklow et al., 
1978). 
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Ultracentrifugation 

Little experience has been gained with this method so far. In theory it lacks 
several of the drawbacks of the other methods, since no membrane is 
necessary to separate bound and unbound drug and the integrity of the 
plasma sample is little affected. The separation of bound and unbound drug 
is based upon the principle that protein and protein-bound drug are migrat­
ing downwards in a field of high gravity while the unbound drug is unaffected 
and thus remains in the top layer. It therefote must be shown for each new 
drug of study that in fact the unbound drug is not migrating in this field too. 

INTERINDIVIDUAL VARIATION IN BINDING OF 
PSYCHOTHERAPEUTIC DRUGS 

The previous findings in a limited number of studies on this subject may be 
discussed in the light of recently obtained information regarding nature of 
binding proteins and methodological difficulties. The earliest study was 
performed with OMI using ultrafiltration of plasma from 41 healthy blood­
donors (table 2). Membrane adsorption was negligible. Interindividual 
variation was approximately twofold. A similar variation was later found 
with nortriptyline in 17 sets of healthy twins using a plasma-plasma 
equilibrium dialysis technique at 4°C against a reference plasma (Alexan­
derson and BorgA, 1972). It is not known whether the long equilibration 
time (168 h) used could have had a deleterious effect on the binding. A 
twofold variation of IMI binding as studied by equilibrium dialysis at 37°C 
over 17 h was again observed by Piafsky and BorgA (1977), the unbound 
fraction being related to levels of AAG (table 2). The above studies were all 
performed in small numbers of healthy subjects and they may, therefore, 
have underestimated the variability in binding, since variations in AAG and 
lipoproteins are wider in larger un selected groups. Also, it has been ques­
tioned whether the equilibrium dialysis is a valid technique for IMI. This 
technique was used in a study by Glassman et al. (1973), showing a fourfold 
variability in unbound IMI in 26 patients who were treated with this drug for 
psychiatric disorders. This finding is difficult to evaluate since methodologi­
cal details were not explicitly reported. However, it appears that fairly long 
(over 24 h) equilibration times at 37°C were used. 

Severe methodological problems were reported with desmethyl­
chlorimipramine (Bertilsson et al., 1979). Thus, the CSF/plasma ratio 
observed in patients treated with chlorimipramine indicated a fourfold 
variation between patients, but possible binding in CSF was not studied. 
Ultrafiltration indicated a similar variation, but the results were question­
able because of extensive uptake of the drug in the membrane. Also 
equilibrium dialysis at 37°C was questionable since no stable equilibrium 
was obtained. A minimum free fraction of 6-8 percent was obtained at 6 h, 
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but this was considerably higher than that observed with the two other 
procedures. It was speculated that this result could be explained by unstable 
lipoprotein binding (Bertilsson et aI., 1979). 

As mentioned above, variability in unbound fraction of CPZ may be large 
(Piafsky et al., 1978). The CSF /plasma ratio of this drug is an unreliable 
method to determine binding since variable binding in CSF affects this ratio 
considerably (Sedvall, this volume). 

In conclusion, further studies are needed, preferably in patients being 
treated with the drug of interest. Such studies should, to be informative, try 
to pin-point the reason for the observed variation by examination of the 
subjects' protein patterns and the possible presence of binding modulators. 
Also, it would be of great value to know whether the obtained binding figure 
is reproducible within an individual from one time to another. Finally, the 
selected protein binding technique should be validated by a second techni­
que based on a different physical principle. 
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Plasma protein binding of haloperidol: 
influence of age and disease states 

P. L. Morselli, G. Tedeschi,* G. Bianchetti, J. F. Henry 
and R. A. Braithwaite 

(Department of Clinical Research, Synthelabo-L.E.R.S., 
58 Rue de la Glaciere, 75013 Paris, France) 

INTRODUCTION 

Interindividual differences in the plasma protein binding of psychotropic 
drugs might be an important factor in the determination of clinical response. 
This is because it is the free 'unbound' fraction of drug that is pharmacologi­
cally active. In the case of haloperidol there has previously been only a small 
number of investigations carried out on a relatively small number of subjects 
(table 1). These studies have indicated that the drug is approximately 90- 92 
percent bound to plasma proteins (table 1) but no data exist on the nature of 
these proteins or their affinity for haloperidol. Moreover, most of these 
earlier studies have concerned healthy volunteers rather than patients. 
Thus, the influence of age and disease on haloperidol binding has not been 
evaluated systematically. 

This present report concerns some preliminary observations concerning 
the serum protein binding of haloperidol in both healthy volunteers, elderly 
subjects, cirrhotic patients and psychotic children. These studies were all 
carried out in vitro using equilibrium dialysis at 37°C with 3H-Iabe1ed 
haloperidol. These observations are part of a larger program aimed at 
evaluating the influence of age and different pathological conditions on the 
clinical pharmacokinetics of haloperidol and the relationship between possi­
ble changes in pharmacokinetics and clinical response. 

MATERIALS AND METHODS 

All binding studies were carried out using tritiated haloperidol 
(S.A.= 12 mCi mM- 1) obtained from IRE (Fleurus, Belgium) with a 

*Visiting Research Fellow from the Department of Neurology, University of 
Naples, Naples, Italy. 
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radiochemical purity of greater than 98 percent. Labeled drug was dissolved 
in ethanol to give a final concentration of 1 mCi ml- I and was stored at 
-20°C. Crystallized lyophilized human serum albumin (HSA) was ob­
tained from the Sigma Chemical Co. (St Louis, USA). Phosphate buffer (pH 
7.4) was freshly prepared before use and had the following composition: 
Na2HP04.12 H 20 (8.04 g), NaH2P04.H20 (0.78 g), NaCI (2.25 g) dissol­
ved in distilled water to a final volume of 1 liter. 

For the determination of drug binding, 1 IJ.I of the ethanolic 3H_ 
haloperidol solution was added to 1 ml of plasma or HSA solution and 
incubated for 60 min at 37°C. Of this solution, 750 IJ.I was then dialyzed for 
12 h at 37°C against an equal volume of phosphate buffer using Perspex 
dialysis chambers and Technicon membranes. Following equilibrium the 
resulting radioactivity in buffer and serum was determined by scintillation 
counting using 100 IJ.I of sample and 19 ml of Packard Instagel scintillator. 

The free fraction (percent) of haloperidol was calculated from the formula 

Cts min -I buffer 
Percentage of free drug C . -I X 100. 

tsmm serum 

The affinity constant (k) for the binding of haloperidol to serum or HSA 
was calculated using a modified Scratchard type plot as described by Romer 
and Bickel (1979), according to the formula 

where Lb is the concentration of bound ligand, 110 is the total binder 
.concentration and 4 max is the maximum concentration of bound ligand. 

Serum concentrations of albumin and ai-acid glycoprotein (AAG) were 
measured by a radial immunodiffusion technique (Partigen, Behring). The 
measurement of total serum protein was carried out by a standard col­
orimetric analysis. 

PATIENTS 

Ten milliliters of clotted blood samples were obtained from volunteers, 
elderly patients, cirrhotic patients and pediatric patients. The resulting 
serum samples were used immediately (volunteers and children) or deep 
frozen and thawed once within one month, immediately prior to the 
determination of drug binding. 

RESULTS 

Preliminary studies indicated that the time to reach equilibrium for both 
serum and HSA was 6 h and all binding studies were carried out using this 
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incubation time. No difference was found between fresh and frozen serum 
for haloperidol binding. There was found to be no change in haloperidol free 
fraction using cold haloperidol concentrations of between 5 and 
5000 ng ml- I . The free fraction of haloperidol increased proportionally with 
dilution of either HSA or serum (table 2). However, it can be clearly seen 
that the binding of haloperidol to HSA was only about 66 percent of that 
found for serum, suggesting that serum proteins other than albumin playa 
role in determining haloperidol binding in vivo. A calculation of the affinity 
constants for both HSA and serum gave values of 6.2x 10-3 M and 
1.9x 10-2 g I-I respectively. 

Table 2 Influence of protein dilution on haloperidol serum protein 
binding 

Percentage of free and bound haloperidol* 
(mean of three determinations) 

Dilution factor 
Serumt 

Free Bound 

1:1 10.5 89.5 
1:2 14.9 85.1 
1:4 23.1 76.9 
1:8 38.2 61.8 
1:16 55.2 44.6 

*Concentration 10 ng mI-'. 
tPlasma protein content 78 g 1-'. 
:j:HSA concentration 40 g 1-'. 

HSA:j: 

Free Bound 

40.3 59.7 
48.2 51.8 
64.6 35.4 
76.2 23.8 
84.8 15.2 

Table 3 Effect of age and disease state on haloperidol serum protein binding 

Total protein Albumin aI-Acid glyco- Haloperidol 
Subjects (g 1-') (g I-I) protein (g I-I) (% free) 

Healthy young 77±2.0 38±1.7 0.74±0.01 11.6±0.5 
volunteers (6) (69-82) (31-42) (0.61-1.05) (10.0-13.2) 

Elderly (10) 57±3.8 27±1.3 0.96±0.03 8.5±0.3 
(33-72) (23-37) (0.88-1.18) (6.6-9.6) 

Cirrhotic 49±2.7 19±2.6 0.40±0.04 18.9± 1.4 
patients (7) (40-62) (10-26) (0.20-0.40) (12.4-23.6) 

Children (2) 69 and61 34 and 29 1.12 and 1.45 7.3 and 7.9 
(10 and 15 years) 

Data are expressed as mean values±s.E.; the range of variability is given in 
parentheses. 
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The binding of haloperidol to serum obtained from both healthy volun­
teers and different patient groups is shown in table 3. In the groups of 
healthy volunteers the mean unbound fraction of haloperidol was 11.6 
percent with only a small interindividual variation (10-13 percent). In 
elderly subjects who showed reduced albumin but increased AAG concent­
rations, the free fraction of haloperidol was significantly reduced (mean 8.5 
percent, range 6.6-9.6 percent). On the other hand, for cirrhotic patients, 
who had both reduced albumin and reduced AAG concentrations, the free 
fraction of haloperidol was significantly increased compared to both healthy 
volunteers and elderly patients (mean 18.9 percent, range 12.4-23.6 per­
cent). In other hepatic patients with normal or elevated AAG concentra­
tions (>0.6 g 1-1), the free fraction of haloperidol was only moderately 
increased (mean 13.1 percent). In the two children who were investigated, 
who had slightly reduced albumin but increased AAG concentrations, the 
free fraction of haloperidol appeared to be reduced (7.3 and 7.9 percent). 

DISCUSSION 

The preliminary findings of this study have shown that proteins other than 
albumin contribute to the binding of haloperidol in human serum. Albumin 
at physiological concentrations appears to contribute only about 66 percent 
of total binding capacity, with a relatively low affinity (tov lO-3 M). AAG, 
however, appears to play an important role in determining haloperidol 
binding. 

The free fraction of haloperidol obtained in the present group of young 
healthy volunteers (mean 11.6 percent, range 10-13 percent) is similar but 
a little higher than that reported by other studies (table 1) where mean 
values of between 8 and 10 percent were obtained using similar techniques 
and conditions. Previous studies (table 1) indicated that there were only 
minor interindividual differences in haloperidol binding. However, the 
present study has shown a threefold interindividual difference in haloperidol 
free fraction (6.6-23.6 percent), partly due to individual differences in 
AAG. Increased AAG concentrations appear to cause a reduction in the 
free fraction of haloperidol, even in presence of reduced albumin concentra­
tions, whereas reduced AAG concentrations cause a decrease in binding and 
an increase in the free fraction of drug. The apparent influence of AAG on 
haloperidol binding is similar to that reported previously by other workers 
for imipramine, propranolol and chlorpromazine (Piafsky and Borga, 1977; 
Piafsky et al., 1978). 

In conclusion, both age and concurrent disease states may have an 
influence in determining individual differences in haloperidol binding. Part 
of this variability may be mediated by AAG but other serum proteins may 
also be involved. In some patients treated with haloperidol the unbound 
concentration of drug may be more important in determining clinical effects 
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than total (bound+unbound) plasma concentrations. Further studies are in 
progress to clarify this situation. 
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(A) Neufoleptics 



Clinical significance of neuroleptic 
plasma level monitoring 

Paolo Lucio Morselli 
(Department of Clinical Research, Synthelabo-L.E.R.S., 

58 Rue de la Glaciere, 75013 Paris, France) 

INTRODUCTION AND DEFINITION OF THE PROBLEM 

Every time the clinical significance of neuroleptic plasma level monitoring is 
discussed in congresses or seminars, two opposite opinions are encountered. 
On the one side, there are physicians and scientists who think that neurolep­
tic plasma level monitoring is only an interesting, but expensive, intellectual 
exercise which has very little to do with the treatment or the management of 
the psychotic patient; on the other side, there are physicians and scientists 
who believe that neuroleptic plasma level monitoring may be a useful tool 
for a more rational and safer therapeutic approach to psychiatry. Such a 
situation has apparently crystallized for at least six years, with no real 
dialogue between the two parties and a growing scepticism towards the 
possible value of therapeutic drug monitoring in psychiatry, as documented 
by a recent editorial (Editorial, 1979). This fact is highly regrettable because 
the field of neuroleptics appears as the only one which has not yet taken 
advantage of the increased knowledge on drug utilization and prescription 
brought about by the development of clinical pharmacology. 

Psychiatry appears today as one of the few medical branches where no real 
effort has been made to rationalize drug usage, where the process of defining 
either the correct dose or the correct therapeutic agent is still based on 
'impressions' and empirism. While on the one side our awareness and 
concern for tardive adverse reaction and rate of relapse is increasing (Gelder 
and Kolakowska, 1979), on the other side nothing or very little appears to be 
done really to improve the management of the psychotic patient. 

The causes of such a stagnation, of such a lack of transfer of a 'message' 
which has been usefully applied in other areas of medicine are numerous, as 
recently reviewed (MorseIIi, 1979; Dahl, 1979; Morselli and Zarifian, 
1980). Beside the difficulty of a precise evaluation of the therapeutic results 
conditioned by the heterogeneity of the psychotic syndromes, in our opinion 
the reasons which more than others have contributed and still contribute to 
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such a stagnation of knowledge and to the present diatribe are as follows: 
firstly, the sceptical attitude of most psychiatrists towards drugs and, second­
ly, the fact that in the majority of the studies the methodological approach 
applied was not always the most adequate one. 

The 'built-in' resistance of most psychiatrists to accept fully the validity of 
the pharmacological approach has surely an important effect. Too often 
drugs are still considered as 'magical' entities and very little effort is made to 
understand better their pharrnacokinetic and pharmacodynamic profile. 
This leads frequently to improper use of psychotic drugs with consequent 
poor therapeutic results. Generally, the poor result reinforces the sceptical 
attitude towards drugs and all the blame is 'transferred' to the patient who is 
labeled either as 'unresponsive' or as 'responding paradoxically'. There is no 
real attempt to try to understand the causes of variability in therapeutic 
responses and therapeutic failures are accepted as an inevitable part of 
variability of human nature. 

Such an attitude has been accompanied frequently by methodological 
problems at both analytical and clinical levels. If we consider the various 
reports available on the possible relationship between neuroleptic plasma or 
blood concentrations and clinical effects, we may find that in most instances 
the clinical definition of the patient is very poor, the observation period is 
remarkably short, the analytical methodology measures only one or a part of 
the active species present in biological fluids and the treatment of the data is 
inadequate. Several times the 'wrong' chemical species has been monitored 
or a very 'difficult' drug has been chosen as a starting or paradigmatic model. 

In only few reports is it possible to find information on the individual 
patient, since in most cases data are reported as mean values or as statistical 
analysis of linear relationships between various parameters. We feel that we 
should not consider (as is usually done in most of the analyses) either the 
patient or the clinical results as a perfectly homogeneous set of data. We 
should not, on this basis, look for either linear or curvilinear relationships 
between parameters which are too often very poorly defined, very 
heterogenous and which, even if apparently similar, are the expressions of 
different pathological processes. Furthermore, we should consider chronic 
schizophrenics (with a long history of drug intake) separately from patients 
with a relatively recent drug history. We feel one should try to evaluate not 
the 'mean data' but, on the contrary, the possible existence of therapeutic 
and/or toxic thresholds and of relationships between drug plasma levels and 
effects within each individual patient monitored at regular intervals lon­
gitudinally over a period not of weeks but of several months (Morselli, 1976, 
1978, 1979; Morselli and Zarifian, 1980). 

In other words, we think that in most instances the problem has not been 
approached in the correct way and that failures to find significant relation­
ships (mainly due to inadequate methodology) are used to deny the value of 
an approach which has contributed substantially to the improvement of 
therapy in other areas of medicine. An example of such a negativistic 
attitude is given by a recent report where (despite the evident association of 
disturbing adverse reactions and high haloperidol serum levels and a 10-fold 
variation in serum drug concentrations for the same daily dose) the authors 
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question the utility of neuroleptic plasma levels monitoring because 'among 
other reasons neuroleptics usually have metabolites with different anti­
psychotic properties', 'receptor sensitivities varies', and 'tolerance 
phenomena develop during long-term treatment'! (Bj~rndal et al., 1980). 
Such a statement sounds really surprising because these are exactly the 
reasons which in other areas of medicine have prompted people to monitor 
drug plasma levels during chronic treatment in order to understand better 
the relative influence of the various factors contributing to the inter- and 
intraindividual variability in drug response. 

Therapeutic drug monitoring has permitted, in most of the cases where it 
has been applied, an optimization of the drug's therapeutic potential leading 
to considerable advantages for both the individual (best risk/benefit ratio) 
and society (lower costs). 

On an objective basis, it is really difficult to understand why in psychiatry 
the approach of therapeutic drug monitoring is refused, in most cases, 'a 
priod. 

RECENT EVIDENCE SUPPORTING THE VALIDITY OF 
NEUROLEPTIC PLASMA LEVEL MONITORING 

If, until 1978, as reviewed during the 11 th CINP Meeting (Morselli, 1979; 
Forsmann and Ohman, 1979; Dahl, 1979), the evidence in favor of the 
therapeutic monitoring of neuroleptic drugs was not so convincing, in the 
last 3 years a series of new results has become available on the topic. The 
new data strongly suggest that, as with other therapeutic classes, neuroleptic 
monitoring in body fluids may be of clinical significance for the therapeutic 
management of the psychiatric patient. 

Relationships between ctinicalresponse and drug plasma 
concentration 

As summarized in table 1, several reports in the last 3 years have presented 
evidence for a relationship between plasma concentrations of chlor­
promazine (CPZ), butaperazine and haloperidol and their clinical effects 
(therapeutic and/or toxic). A point which appears worth stressing is that the 
data obtained by independent authors appear as remarkably consistent and 
in good agreement with each other. 

Rivera-Calimlim et al. (1978) reported that in a group of adult schizo­
phrenic patients admitted to the hospital because of acute relapse, the CPZ 
plasma levels associated with improvement in thought disorders and 
paranoid hostility were between 100 and 200 ng ml-l, while 
levels<50 ng mr l were associated with lack of clinical effect. Similar 
findings have been reported by Wode-Helgodt et al. (1978), who could 
observe a lack of response for CPZ plasma levels below 40 ng ml- l and a 
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significant correlation between high CPZ concentrations and disturbing side 
effects. (The study is reported in more detail by Sedvall in this volume). 

More recently, these data have been confirmed by Tune et al. (1980), who 
measured, by means of a radioreceptor assay (RRA), the total concentra­
tions of active drugs in patients receiving haloperidol, CPZ or other 
neuroleptics. Expressing the drug concentrations in plasma as CPZ equival­
ents (CPZ Eq) these authors observed that the best clinical outcome was 
present at drug concentrations of 100-200 ng ml- 1 CPZ Eq while levels 
below 50 ng ml- 1 CPZ Eq were associated with poor clinical response. 

In two consecutive studies, the group of Davis (Smith etal., 1979; Casper 
et al., 1980) showed that a positive therapeutic outcome was associated with 
butaperazine plasma concentrations of the order of 100-250 ng ml-1 while 
poorer therapeutic responses were observed in patients with plasma con­
centrations lower than 50 ng ml- 1• By evaluating the drug concentrations in 
red blood cells (RBC), the same group (Casper et al., 1980) reported the 
presence of a curvilinear (inverted V-shaped) relationship between RBC 
concentration and clinical outcome, with a therapeutic optimum between 30 
and 60 ng ml- 1• 

In the case of haloperidol, we observed that in patients suffering from 
Gilles de la Tourette syndrome a therapeutic effect was present at 
haloperidol plasma concentrations of 3-6 ng ml- 1 while disturbing side 
effects became evident only at plasma levels over 6 ng ml- 1 (Morselli et al., 
1979). In psychotic patients, favorable clinical responses were associated 
with plasma levels of 5-10 ng ml- 1• Similar results have been reported by 
Smith et al. (1979) who observed, in patients with a recent drug history, an 
antipsychotic effect at haloperidol concentrations of 5-15 ng ml-t, while 
lack of response was associated with concentrations below 5 ng ml- 1 • 

The incidence of extrapyramidal side effects and sedation appear to rise 
proportional to haloperidol plasma levels and at concentrations over 
10 ng ml- 1 about 90 percent of the population we studied presented ex­
trapyramidal side effects (Morselli et al., 1979). Side effects other than 
extrapyramidal syndrome-like heavy sedation, sleep disturbances, aggres­
sive episodes and psychomotor agitation have been found associated with 
haloperidol plasma levels of 50-150 ng ml- 1 (Bj0rndal etal., 1980; Morselli 
et al., 1980b). 

It may be worthwhile to mention also a recent case report described by 
Meyers et al. (1980) and which appears to be in good agreement with that 
described above. These authors, monitoring haloperidol plasma levels in a 
psychotic child by means of RRA over a period of 74 days, noticed a striking 
parallelism between the fluctuations of symptomatology and haloperidol 
plasma levels, the optimum concentrations being 60-100 ng ml- 1 CPZ Eq. 
Another interesting report concerns the relationship between anticholiner­
gic drugs' plasma levels and their clinical effects. Tune and Coyle (1980) in 
fact demonstrated by means of a RRA that a concentration of at least 
0.7 pmol atropine Eq (200 ~l serum) was necessary to exert a significant 
protective effect towards acute extrapyramidal side effects due to neurolep­
tics. It should also be remembered that, at commonly used doses, about 50 
percent of the cases presented serum concentrations below 0.7 pmol per 
sample (200 ~l serum). 
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High doses of neuroleptics in 'treatment-resistant' chronic 
schizophrenic patients 

For years the possibility of poor drug bioavailability has been hypothesized 
as one of the causes behind the lack of therapeutic responses in 'treatment­
resistant' chronic schizophrenics. Three recent reports seem to indicate that 
poor bioavailability is probably not the major cause. For either haloperidol 
or flupenthixol it has, in fact, been shown that high doses of the two drugs 
(up to 200 mg per day for haloperidol and 40 and 200 mg per day flupen­
thixol decanoate i.m.) were associated with a corresponding increase in drug 
plasma concentrations (Bj0rndal et al., 1980; McCreadie et aI., 1979; 
Morselli et al., 1980b). In the case of flupenthixol, only a small subgroup of 
patients improved significantly with the high dose, while for the majority the 
high dose was no more effective than the standard dose. Furthermore, the 
extrapyramidal side effects worsened significantly in the high dose group 
(McCreadie et al., 1979). The increase in haloperidol plasma levels was 
found to be associated with a response of both striatal and tubero­
infundibular dopaminergic structures as indicated by the rise in CSF HV A 
and plasma prolactin (Morselli et al., 1980b; Bj0rndal et al., 1980). How­
ever, no improvement in the psychotic symptoms could be observed by 
either set of authors; on the contrary, in several cases they noticed a 
worsening of the clinical picture with increased psychomotor agitation, 
hallucinations and aggressive episodes. 

The observation that a response by two dopaminergic systems could be 
observed without concomitant improvement of the clinical picture could 
support the hypothesis that in 'chronic treatment-resistant' schizophrenic 
patients dopaminergic pathways do not play a determining role (Morselli 
and Zarifian, 1980). 

Effects of age on neuroleptic disposition and therapeutic threshold 

It is today well documented that age may have an important effect on drug 
disposition and that therapeutic and/or toxic thresholds in children may be 
different to those observed in adults (Morselli, 1977; Morselli etal., 1980a). 
Recent data suggest that modification of kinetics and therapeutic thresholds 
in children may also be encountered with neuroleptic drugs. 

In a recent report, Rivera-Calimlim et al. (1979) have documented that 
children dispose of CPZ at a faster rate than adults and that consequently 
doses two to three times higher are needed in children to obtain similar 
steady state plasma concentrations of CPZ. Furthermore, both therapeutic 
optimum plasma concentrations and toxic plasma thresholds appear to be 
lower in children. Clinical improvement of target symptoms was in fact 
observed in psychotic children at plasma CPZ concentrations of 
60-80 ng ml- 1, while severe drowsiness was evident at 70-100 ng ml- 1• The 
authors also noticed a frequent decline in drug plasma concentrations with 
time and an inhibitory effect of imipramine on CPZ elimination. Because of 
these findings, the authors recommend monitoring of plasma CPZ levels in 
children. 
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An age-dependent increase in plasma level/dose ratio has been described 
by our group in children of 7 -16 years of age as well as the appearance of 
drowsiness and sedation at haloperidol concentrations of 6-8 ng ml- I (Mor­
selli et aI., 1979). Preliminary data on apparent plasma half-life of 
haloperidol in children tend to suggest that the clearance of the drug is 
increased remarkably in patients of 8-12 years of age when compared to 
adults. 

The previously mentioned report of Meyers et al. (1980) is in good 
agreement with both the lower therapeutic threshold in children as well as 
with the faster disposition rate, as indicated by the marked drop in 
haloperidol blood levels following a reduction in the drug daily dose. 

Comments 

The series of studies reported above indicates that therapeutic optimum 
plasma concentrations do probably exist for the compounds considered and 
that in all cases a clear relationship exists between high drug concentration 
and disturbing side effects. These findings, together with the fact that a 
variability of seven- to lO-fold in steady state plasma levels exists for all of 
the compounds studied, should be a motivation for therapeutic drug 
monitoring in order not to expose our patients to unnecessary side effects or 
to prolonged hospitalization because of underdosing. The problem is of 
greater importance in children where adverse effects such as heavy CNS 
depression, sedation and psychomotor impairment may have negative ef­
fects on school performances and developing personality (Morselli et al., 
1978). 

Furthermore, therapeutic monitoring of neuroleptic plasma concentra­
tions in chronic 'resistant' schizophrenics, associated with assay of plasma 
prolactin and CSF HV A, permits us to suggest on the one hand that poor 
drug bioavailability is not the major cause of the lack of response and on the 
other that we are probably facing subgroups of patients with different 
biochemical substrates. 

DISCUSSION 

Even if the data reported above appear as encouraging and point toward the 
usefulness of therapeutic drug monitoring in psychotic patients, there is still 
a long way to go before we can either accept or refuse it. For instance, we 
should be able to answer the following questions for each of the neuroleptics 
we use: Is there any relationship between the drug's daily dose and peak or 
steady state blood levels? Do blood levels fluctuate over time? If yes, how 
much and what are the causes of the fluctuations? Do active metabolites 
contribute to the clinical effects (therapeutic and/or toxic) of the drug? Does 
the compound interact with commonly associated pharmacological agents 
either pharmacokinetically or at receptor level? Is there any evidence for 
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toxic and/or therapeutic blood level thresholds? Do possible thresholds vary 
as a function of age or of the severity of the illness? In the case of poor 
therapeutic outcome, how important is the compliance of the patient and 
that of the paramedical personnel? Is a maintenance treatment really 
needed? Are we using the correct dose and the correct schedule? Is there 
any indication or suggestion that in cases of lack of response we are facing a 
diagnostic subgroup where another kind of treatment should be prescribed? 
I think it does not need to be stressed that for many of the currently used 
neuroleptics we are not in a position to give an answer to most of the above 
questions. The fact that we are in such a position of ignorance, of lack of 
knowledge, appears to me to provide a good motivation, a rationale for 
supporting increased efforts for more research on the clinical significance of 
neuroleptic plasma level monitoring and not for denying it. 

It must be stressed, however, that in pursuing such an effort we should 
apply a correct procedure and not use methodologies which, even though 
they have been proven to be very useful and valuable for other purposes 
(that is definition of efficacy), are not adequate for the scope and aims of 
therapeutic drug monitoring. We feel that the three-step procedure de­
scribed in table 2 should be followed. Today we have sufficient information 
on most neuroleptics for the items in step 1. Our knowledge is really limited 
as to steps 2 and 3; only recently, as described above, has evidence become 
available on some of the points described in steps 2 and 3 for haloperidol and 
CPZ. 

The procedure described in table 2 is not new at all. It is exactly the same 
one which has been followed for other therapeutic agents (such as digoxin, 
antiarrhythmics, theophylline, antibiotics and antiepileptics). All these are 
examples where an intelligent use of therapeutic drug monitoring has 
permitted a higher percentage of positive therapeutic outcome together with 
a reduced incidence of adverse reactions. Furthermore, such an approach 
has led to a better knowledge of specific factors of variability, thus permit­
ting a more rational usage of drugs. 

Very often therapeutic drug monitoring is criticized because it does not 
follow the rigid criteria of controlled clinical trials. However, its primary aim 
is not the statistical definition of efficacy but, on the contrary, the evaluation 
of possible relationships, in each individual patient, between blood or 
plasma concentrations of a drug (whose efficacy has already been proven) 
and the fluctuation or the variation of clinical parameters as they are 
normally a.ppreciated and evaluated by the attending physician, by the 
patient and by his entourage. After all, it is on this basis that hospitalizations 
and dismissals are decided in 90 percent of cases! The finding of a relation­
ship between blood levels and variation in symptomatology or in occurrence 
of side effects should, thus, not be disregarded as 'non-scientific' but utilized 
as a tool for better therapy. It is also frequently claimed that psychic 
symptoms fluctuate more than those of 'organic' origin and that no apprecia­
tion of their modification can be made without a control period. The claim is 
probably correct; however, 'organic' symptoms also fluctuate and it is 
indeed in these situations that therapeutic monitoring has proven to be most 
useful. Furthermore, because of such fluctuations over time, longitudinal 



Neuroleptic Plasma Level Monitoring 207 

Table 2 Procedures to be followed for the evaluation of the clinical significance of 
neuroleptic plasma levels monitoring 

Steps 

1. Definition of pharmacokinetic 
profile (healthy volunteers 
and patients) 

2. Population studies (patients) 

3. Individuallongitudinal 
monitoring (patients) 

Information acquired and practical consequences 

(a) Definition of correct dosage form 
(b) Definition of correct dose regimen 
(c) Identification of possible time- or dose­

dependent kinetic alterations. 

(a) Identification of various factors capable of 
modifying the drug's kinetic profile (age, 
pathology, food, associated treatment, etc.) 

(b) Identification of range of variability and 
fluctuations of drug blood levels in a natural 
situation 

(c) Identification of possible 'statistical' 
therapeutic and/or toxic thresholds 

(d) Quantification of interindividual variability 
in dose/level relationship 

(e) Possible reduction of risks of overdosing 
and/or underdosing 

(a) Control of patient's compliance 
(b) Identification of possible individual 

therapeutic and/or toxic thresholds 
(c) Identification of specific factors of variabili­

ty so reducing for that given individual the 
risk of adverse reaction or of underdosing 

(d) Control of compliance of paramedical per­
sonnel 

(e) Possibility of improving the therapeutic im­
pact by reducing the incidence of side effects 

(f) Optimization of the drug therapeutic poten­
tial with both advantages for the individual 
(reduced hospitalization time) and for the 
society (reduced hospitalization costs) 

therapeutic drug monitoring, carried out over several months, may be of 
greater value and give more information than a perfectly controlled clinical 
trial where duration is limited to 4-6 weeks and is normally carried out in a 
situation which is very different from the 'naturalistic' one. 

Psychiatric patients should not be considered, as unfortunately they are 
today, as pathological entities outside the normal world of medicine, escap­
ing from all rules which have been proven valid for other diseases. The 
refusal to consider the patient as biologically ill has for years conditioned the 
position of psychiatry on the border of medical sciences. Refusing to allow 
the psychiatric patient to take advantage of the improvement in our know­
ledge in drug management and utilization means once again refusing the 
'normality' of his disease and arbitrarily reducing his chances of therapy. 
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In conclusion, we feel that by an increased effort in therapeutic drug 
monitoring, by a closer cooperation among the various groups operating in 
the field with a critical but positive attitude, we will surely gain a better 
knowledge of the various factors conditioning the very wide interindividual 
variability in clinical response to psychotropic drugs and, probably, of the 
biological processes underlying psychopathological phenomena. Finally, 
and more important, we will be in a position to better treat our patients. 
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The clinical significance of measuring 
perphenazine in plasma during oral 

antipsychotic treatment 
Lars Bolvig Hansen 

(Department R, Mental Hospital, Nordvang, DK-2600 Glostrup, 
Denmark) 

INTRODUCTION 

A major aim in any neuroleptic therapy is to minimize unwanted effects, 
especially the neurological ones, but not at the expense of the antipsychotic 
effect. In clinical practice, the extensive usage of anti parkinsonian agents is 
an important tool to defeat undesirable neurological phenomena. Unfortu­
nately this may create an excuse for not seeking alternative solutions, such as 
dose reduction, leading psychiatrists to administer overly large doses of 
neuroleptics. Consequently, there might be a higher risk for development of 
tardive dyskinesia (Ayd, 1967; Crane, 1974). 

After analytical methods to determine plasma concentrations of certain 
neuroleptics became available, several trials were done to find a relation 
between plasma levels of these drugs and clinical parameters to improve 
therapy (Bergling et al., 1975; Kolakowska et al., 1979; Rivera-Calimlim et 
aI., 1973, 1978). However, many difficulties concerning insufficient analyti­
cal methods, appearance of active metabolites, interpretation of plasma 
concentrations, patient selection and clinical evaluation showed up and, so 
far, routine plasma concentration monitoring of neuroleptics has not gained 
a solid place in therapy (Cooper, 1978). 

RESULTS 

In our studies of perphenazine, we have tried to overcome the above­
mentioned difficulties. First of all, this means development of a very specific 
and sensitive analytical method (Larsen and Nrestoft, 1975). Next, extensive 
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pharmacokinetic studies have been carried out (Hansen et aI., 1976, 1979; 
Hansen and Larsen, 1977). The most important kinetic data can be summar­
ized as follows: (1) within the first 3-6 weeks of treatment, plasmaconcent­
rations may fluctuate significantly; (2) dose adjustments result in dispropor­
tional changes of plasma levels; (3) concomitant treatment with an­
ticholinergic agents does not change the plasma level of perphenazine; (4) 
an average plasma half-life is about 9 h. The considerable fluctuations 
occasionally occurring during long term treatment may necessitate assay of a 
large number of blood samples to define a plasma level at any time, when 
seeking a relationship to clinical events. 

The next step was to find out how the pharmacokinetic data obtained 
could be supplied to the clinical situation. In one of our studies, we have seen 
a tendency to a lower limit for neurological side effects in the region of 
5 nmol perphenazine per liter plasma (Hansen and Larsen, 1977). To try to 
reproduce this limit and to get an indication of plasma levels giving anti­
psychotic effects, we have recently done a longitudinal investigation on 
acute schizophrenic psychotic patients who had not received neuroleptic 
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Figure 1 Plasma concentrations of perphenazine and its main metabolite plotted in 
relation to clinical effect and side effects during continuous oral treatment of a 22 
year old schizophrenic female. CPRS=Comprehensive Psychiatric Rating Scale; 
BPRS = Brief Psychiatric Rating Scale; PPZ = perphenazine; PPZSO = perphenazine 
sulfoxide. 
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Figure 2 Plasma concentrations of perphenazine and its main metabolite plotted in 
relation to clinical effect and side effects during continuous oral treatment of a 30 
year old schizophrenic female . Abbreviations as in figure 1. 

therapy for the last two months prior to the study. Only patients with a 
minimum BPRS score of 25 points participated. Plasma concentrations 
(minimum values within an 8 h dose interval) were measured twice a week, 
and clinical effects and side effects were evaluated weekly for at least two 
months. The dose was deliberately kept constant as long as it seemed 
ethically justified; only a few patients had their dosage changed during the 
trial. 

Three different types of plasma profiles were seen during the study. 
Figure 1 illustrates the most common plasma profile with a rapid increase to 
a final and rather stable level. As seen in this case, neurological side effects 
appeared immediately and the therapeutic outcome was excellent. 

Figure 2 represents a rarer type, showing obvious fluctuations of the 
plasma concentration, which finally stabilized at a very low level, giving a 
plausible explanation for the relapse in therapeutic response. Measurable 
amounts of the inactive main metabolite concomitant with very low concent­
rations of the parent c.:>mpound may rule out lack of patient compliance. No 
side effects appeared during the investigation period. 

Figure 3 demonstrates another unusual profile. After an extended period 
with considerable fluctuations, the plasma concentrations suddenly in­
creased to a much higher level, followed by a kind of stable situation. 
Clinically, the increasing plasma concentrations seem to provoke neurologi­
cal side effects without enhancing the therapeutic effect. 
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Figure 3 Plasma concentrations of perphenazine and its main metabolite plotted in 
relation to clinical effect and side effects during continuous oral treatment of a 49 
year old schizophrenic male. Abbreviations as in figure 1. 

In figure 4, steady state plasma concentrations of perphenazine from all 
patients (Hansen and Larsen, 1977) have been plotted in relation to absence 
or presence of neurological side effects. Our preliminary results seem to be 
confirmed, as the patients tend to fall into two groups: one with definite side 
effects and a plasma level above 4-5 nmoll- I ; the other free of side effects 
and a lower concentration of perphenazine. 

If we disregard the few patients with a very low or zero plasma level, no 
significant difference in the therapeutic outcome could be detected between 
these two groups of patients. More controlled trials are, of course, needed to 
give confirmation of these findings. Nevertheless, in our daily administra­
tion of perphenazine to psychotic patients, the concomitant use of an­
ticholinergic drugs has decreased substantially since dose adjustments are 
made based on plasma concentration monitoring. 

CONCLUSION 

As already stated, we find it of particular clinical significance that a 
threshold level for neurological side effects can be distinguished from a - not 
yet defined - lower level for antipsychotic effect. 
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Figure 4 Steady state plasma levels of perphenazine plotted in relation to absence 
or presence of neurological side effects for all patients. PPZ=perphenazine; 
EPS=extrapyramidal side effects. 

Furthermore, together with the fact that plasma concentrations may 
fluctuate considerably in spite of unchanged dosage and patient compliance, 
plasma concentration monitoring of perphenazine seems to be useful in the 
treatment of psychotic patients. However, this would be the case only where 
analytical and clinical pharmacological expertise and capacity are available. 

We must admit that more work, particularly other controlled studies, are 
still necessary. 
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Serum haloperidol determinations and 
their contribution to the treatment of 

schizophrenia 
Robert T. Rubin and Russell E. Poland 

(Division of Biological Psychiatry, Department of Psychiatry, Harbor­
UCLA Medical Center, Torrance, CA 90509, USA) 

INTRODUCTION 

There are several analytical methods presently available for the quantitation 
of haloperidol concentrations in serum and plasma. Gas chromatographic 
techniques have been in use for almost a decade (Zingales, 1971; Marucci et 
aI., 1971; Forsman et aI., 1974; Bianchetti and Morselli, 1978; Hornbeck et 
al. 1979); these are quite specific for haloperidol and are sufficiently 
sensitive to measure circulating haloperidol levels in patients given the usual 
clinical drug doses. However, they require the extraction of a relatively large 
quantity of serum or plasma (at least 2 ml); relatively few samples per day 
can be analyzed; highly trained technicians and expensive and delicate 
equipment are needed, especially when gas chromatography is combined 
with mass spectrometry (Hornbeck et aI., 1979). Nevertheless, most of the 
available data on the pharmacokinetics of haloperidol and the relationship 
of clinical dose, blood levels, and psychotic symptomatology in treated 
patients have been developed with gas chromatographic assay techniques 
(Zingales, 1971; Forsman et al., 1974; Bianchetti and Morselli, 1978; 
Hornbeck et aI., 1979; Forsman and Ohman, 1976, 1977; Mielke et aI., 
1978; Ericksen etal., 1978; Smith etal., 1979). 

Another more recently developed technique for quantitating circulating 
levels of haloperidol and other dopamine receptor blocking neuroleptics is 
the radioreceptor assay (RRA), which is based on displacement by the 
neuroleptic of a radiolabeled ligand from dopamine receptor-rich prepara­
tions of calf or rat caudate nucleus (Seeman et al., 1975; Creese and Snyder, 
1977; Calil et al., 1979). The RRA is relatively rapid and straightforward, 
and the only major equipment required is for liquid scintillation counting of 
the radioactive tracer, which is usually tritiated spiroperidol. The RRA is 
relatively non-specific, measuring not only the parent dopamine receptor-
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blocking compound, but also any metabolites with similar receptor-binding 
activity (Creese et aI., 1978). Thus, neuroleptic concentrations are reported 
not in absolute units but as 'chlorpromazine equivalents', which encompas­
ses all dopamine receptor-binding species and assumes equipotent anti­
psychotic activity. Nevertheless, with the radioreceptor assay, positive 
relationships have been demonstrated in psychiatric patients among clinical 
haloperidol dose, serum haloperidol concentrations, and psychotic symp­
tomatology (Calil et al., 1979). 

A third, also recently developed, laboratory technique for the measure­
ment of circulating haloperidol levels is radioimmunoassay (RIA) (Michiels 
et aI., 1976; Clark et al., 1977; Rubin et al., 1980a). RIA offers the 
advantages of being generally more sensitive than the other two techniques, 
being relatively specific (to be discussed in detail below) (requiring only 
microliters of unextracted plasma or serum), being relatively inexpensive 
(requiring only the usual radioactive tracer counting equipment), and being 
so straightforward that hundreds of samples per day can be analyzed. 

The sensitivity and accuracy of a RIA depends on several factors, includ­
ing the affinity and specificity (cross-reactivity) of the antiserum. Two RIAs 
for haloperidol have been developed, both of which are more sensitive than 
the gas chromatographic and RRA techniques. Because the hapten - protein 
conjugates were made at different sites on the haloperidol molecule, the 
specificities and cross-reactivities of the resultant antihaloperidol sera differ 
accordingly. This paper briefly describes the development of these two RIAs 
and indicates their utility in the measurement of circulating haloperidol 
levels in treated psychiatric patients. 

MATERIALS AND METHODS 

Table 1 indicates the molecular structures of haloperidol, several related 
butyrophenones, and several metabolites of haloperidol. For the RIA of 
haloperidol developed at Janssen Laboratories (Michiels et aI., 1976), the 
drug was conjugated to bovine serum albumin (BSA) at the tertiary hydrox­
yl group of the piperidine ring. For the RIA developed in our laboratories 
(Clark et aI., 1977; Rubin et al., 1980a), haloperidol was conjugated to BSA 
at the ketone group. These two different conjugation sites produced an­
tibodies with quite different characteristics. Neither antibody cross-reacted 
with compounds structurally dissimilar from the butyrophenone class of 
compounds, such as chlorpromazine or thioridazine, but, as indicated in 
table 1, they did differ in their profiles of cross-reactivity with related 
butyrophenones and with metabolites of haloperidol. The Janssen antibody 
cross-reacted with other related butyrophenones, but it discriminated 
haloperidol completely from its acid and piperidinyl metabolites and from 
reduced haloperidol. The antibody produced in our laboratory discrimi­
nated haloperidol from certain related butyrophenones and from its acid 
metabolites, but it cross-reacted completely with reduced haloperidol, a 
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Table 1 Amounts of various butyrophenones and haloperidol metabolites required 
to reduce antibody binding of 3H-haloperidol by 50 percent, relative to haloperidol 
itself ( = 1.0 ng) 

Compound Reference 0 Structure Generic Antiserum 
number number 0" ® nome F _ C-CH2-CH2-CH2- Janssen Clark. Tower. Rubin 

OH 

I R 1625 ®, 'CXo '1_ CI 
Haloperidol 1.0 n9 1.0 no 

.-~, 
2 R 4749 -NJN N-H Oroperidol 16 no >500ng 

b 
0 
"-

3 R 5147 -0 NH Spiperone 38 nO > 500ng 
N--l 

(0 

4 R 11333 -aO B ' 

8 romperidol 1.4 ng 1.2 ng 

5 R 1658 
OH 

-OOCH 3 
Moperone 1.7 ng 1.3 n9 

6 R 2498 CYO -N 
~ ~ 

Trifluperidol 2.9 no 8.5 ng 

CF, 

0 

0" 7 R 11302 F '1_" C-CH2-CHZ-COOH Acid > 5000ng > 500 ng 
Metabolite 

0 

8 X 680 0" F '1_" CHZ-C-NH-CH2-COOH idem > 5000 ng > 500 ng 

9 T 473 FOCH2-COOH idem > 5000ng 385 ng 

OH Metabolite 
10 R 1515 H-{YOCI (PiPeridinYI) > 5000ng 12 ng 

Moiety 

OH OH 

II R 2572 ,OtH-CH2-CH2-CH2 -N~ Reduced 380ng 1.0 n9 
~ , Haloperidol 

CI 

After Rubin et al. (1980b). 

haloperidol metabolite with questionable activity (Hays et aI., 1980), pres­
ent in quantity in the plasma of treated patients (Forsman and Larson, 
1978). For both RIAs, the sensitivity ranged between 0.05 and 0.3 ng 
haloperidol per milliliter, and the intra- and interassay coefficients of 
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variation averaged 10 percent. Figure 1 shows mean serum haloperidol 
concentrations, ± 1 S.E.M., for several hours after intramuscular and in­
travenous injection of a low, subclinical dose of haloperidol (0.5 mg) in 
seven normal adult men (Hays and Rubin, 1979), indicating the considera­
ble sensitivity of the radioimmunoassay technique. 
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Figure 1 Average serum haloperidol concentrations, ±1 S.E.M., determined by 
RIA with our antibody, after intramuscular (1M) and intravenous (IV) injection of 
0.5 mg haloperidol in seven normal men. (After Hays and Rubin, 1979.) 

RESULTS 

These RIAs have now been used to determine circulating haloperidol levels 
in several groups of schizophrenic patients. For the comparison of the RIA 
and gas chromatographic methods of haloperidol measurement, 21 serum 
samples collected from 11 schizophrenic patients chronically medicated 
with haloperidol were analyzed by gas chromatography and by RIA using 
the two different antibodies (Rubin et aI., 1980b). Figure 2 presents a 
comparison of total serum haloperidol concentrations determined by the 
two RIA methods with total haloperidol concentrations determined by gas 
chromatography. The Janssen antibody was used to assay the samples, 
under somewhat different conditions, both in our laboratory and at the 
Janssen laboratories in Belgium. Figure 2(B) shows RIA values related to 
gas chromatographic values between 10 and 70 ng ml- I , and figure 2(A) 
shows similar data on an expanded scale for gas chromatography values 
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Figure 2 Serum haloperidol determined by three RIA systems, one using our 
antibody (in our laboratory) and two using the Janssen antibody (at Janssen 
Laboratories and in our laboratory), compared to serum haloperidol determined by 
gas chromatography. Twenty-one serum samples from 11 chronically medicated 
schizophrenic patients were analyzed. Figure 2(A) represents a magnification of the 
shaded area in figure 2(B). (After Rubin et al., 1980b.) 

between 0 and 10 ng ml- I . The Janssen antibody produced a consistent, 
linear overestimation of haloperidol compared to gas chromatography 
values (average 54 percent), and our antibody produced a several-fold, 
non-linear overestimation of haloperidol compared to gas chromatographic 
values (average 223 percent). Since the gas chromatographic analysis is 
specific and the extraction is consistent over a wide range of serum 
haloperidol concentrations (Forsman et aI., 1974), and because the gas 
chromatographic values matched fairly closely those obtained with the 
Janssen antibody, it can be assumed that the gas chromatographic values are 
accurate. The large, non-linear overestimation of values by our antibody is 
most likely due to the relative non-specificity of this antibody which, as 
indicated earlier, binds the parent compound and its metabolite, reduced 
haloperidol, to the same extent (table 1). 

The Janssen antibody thus has the requisite specificity for application to 
serum samples from patients chronically treated with haloperidol, who may 
have a significant build-up of metabolites. Our antibody has shown utility in 
measuring serum haloperidol concentrations acutely over a period of several 
hours in subjects given single, low parenteral drug doses, as indicated in 
figure 1. It also may be useful in assessing the build-up of reduced 
haloperidol and other metabolites over time, by a subtraction technique 
utilizing our antiserum for haloperidol and its metabolites and the Janssen 
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antiserum for haloperidol alone. Such a technique has been applied to other 
drug and hormone systems (Ratcliffe et aI., 1977; Rosenbloom and Fisher, 
1974). Table 2 shows data from our laboratory on the steady state serum 
levels of haloperidol and haloperidol plus its metabolites (mainly reduced 
haloperidol) determined in this way in chronic schizophrenic patients. There 
is considerable variability in serum drug levels in patients receiving similar 
drug dosages, based on body weight. The levels of haloperidol plus its 
metabolites were consistently higher than haloperidol itself in all patients, 
and there is a high degree of intersubject variability in these values as well. 

Table 2 Serum concentrations of haloperidol, determined with the Janssen anti­
body (Michiels et al., 1976); haloperidol plus its metabolites (mainly reduced 
haloperidol), determined with our antibody (Clark et al., 1977; Rubin et aI., 1980a); 
and percentage of metabolites, measured in blood samples from nine hospitalized 
schizophrenic patients under steady state conditions 

Serum halo-
Haloperidol Serum peridol plus 

dose haloperidol metabolites Percentage of 
Subject Sex (mg kg-' per day) (ng ml-') (ng ml-') metabolites (%) 

1 M 0.05 6.5 7.0 7 
2 M 0.08 4.8 8.1 41 
3 F 0.16 31.1 48.9 36 
4 F 0.51 22.5 30.0 25 
5 F 0.51 47.0 76.0 38 
6 F 0.69 168.0 173.0 3 
7 M 0.98 164.0 260.0 37 
8 M 1.10 56.0 79.0 29 
9 F 1.15 170.0 300.0 43 

DISCUSSION 

Serum haloperidol levels determined by all three assay techniques (gas 
chromatography, RRA, RIA) have been related both to drug dosage and to 
clinical response in psychiatric patients (Mielke et al., 1978; Ericksen et al., 
1978; Smith et al., 1979; Calil et al., 1979; Bj0rndahl et al., 1980). In 
general, over the clinical dose range of a few milligrams to 200 mg per day, 
there has been a very high correlation noted between daily drug dose and 
serum drug levels. Different patients on the same drug dosage may show 
quite different serum levels, but individual patients maintain fairly stable 
serum drug levels while on a constant drug dose. 

On the other hand, the relationship between serum haloperidol levels and 
clinical response in schizophrenic patients has been variable. Smith et al. 
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(1979) studied 36 medication responders, treated with oral haloperidol at 
15 mg per day, and six chronic non-responders, treated with oral 
haloperidol at 20-60 mg per day. The responders, who were treated with 
the lower haloperidol dosage, had a mean steady state plasma haloperidol 
level (determined by gas chromatography) of 15.3 ±2 (S.E.M.) ng ml- 1 after 1 
week of treatment and two-thirds that value after 3 weeks of treatment, 
whereas the nOI'-responding patients, who were treated with much higher 
drug doses. had a mean steady state plasma haloperidol level of 4 ng ml- 1• 

Calil et al. (1979), in a study of 22 psychiatric patients on fixed haloperidol 
doses, found a very high correlation (+0.83) between drug dose and serum 
concentrations, as determined by RRA, and a statistically significant rela­
tionship between serum concentrations and total scores on the Brief 
Psychiatric Rating Scale (BPRS). The individual rating scale items that 
correlated best with serum haloperidol levels were thinking disturbance and 
paranoid disturbance. 

In contrast, Ericksen et al. (1978) studied 42 acutely decompensated 
drug-free schizophrenic patients for 18 days by treating half the patients 
with a loading dose of haloperidol (60 mg per day intramuscularly) for 5 
days, followed by gradually decreasing oral doses, and treating the other half 
with a standard drug dose (15 mg per day orally) throughout the study. As 
measured by gas chromatography, plasma haloperidol levels in the paren­
teral loading dose group averaged 25 ng ml- 1, which was about four times 
higher than the plasma levels of the standard oral dose group. The remission 
of psychotic symptomatology, as measured by the BPRS, however, was 
identical for the two groups. Finally, Bj0rndahl et al. (1980) studied 23 
chronic schizophrenics in a 12 week double-blind study of high dosage 
(average 103 mg per day) versus standard dosage (average 15 mg per day) 
haloperidol administration. The patients had been relative non-responders 
to previous neuroleptic treatment. There was a strong positive correlation 
(+0.90) between haloperidol dose corrected for body weight and serum 
haloperidol concentration as determined by RIA with the Janssen antibody. 
However, there was no relationship between serum haloperidol and clinical 
effect at the end of the 12 week study as determined by the BPRS totai score. 

In summary, it appears that all three analytic methods for determining 
circulating haloperidol levels (gas chromatography, RRA, RIA) are suffi­
ciently developed to be reliable and useful. The relative advantages and 
disadvantages of each technique have been discussed above. In future 
studies, the choice of technique undoubtedly will rest not only on these 
advantages and disadvantages but also on the particular orientation of the 
collaborating laboratory. The important issue is the definition of those 
clinical circumstances in which monitoring of circulating haloperidol levels 
will be useful. Shader and Greenblatt (1979) have enumerated several 
circumstances concerning neuroleptic treatment in clinical practice where 
quantitation of drug levels might be indicated. Further research utilizing 
these assay techniques should clarify the utility of monitoring serum 
haloperidol levels as an aid to treatment of schizophrenic patients with this 
neuroleptic drug. 
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INTRODUCTION 

In the treatment of mania, lithium (Li) has been found in several controlled 
studies as clearly superior to placebo, but haloperidol, when compared to Li, 
seems to be faster acting, at least with regard to motor activity (Shopsin et 
at., 1975). Hence, haloperidol has increasingly been recommended as the 
antimanic drug of choice (Shaw, 1979). However, the recommended dose of 
haloperidol for mania varies extremely, from 4 mg to 100 mg daily (Hollis­
ter, 1978). The haloperidol dose required obviously depends on the severity 
of the manic state, but might also depend on the metabolism of the drug, 
which varies in different patients (Forsman, 1977). To our knowledge the 
relationship between plasma levels of haloperidol and antimanic effect has 
not been evaluated. In the present study we have measured plasma levels of 
haloperidol in manic patients treated with a fixed haloperidol dose and 
examined the relationship between plasma levels, antimanic effect and side 
effects. 

MATERIAL AND METHODS 

The study was carried out in the period between April 1979 and May 1980 in 
the Department of Psychiatry, Rigshospitalet, Copenhagen. Patients with 
severe mania obtaining a score of 11 or more on the Bech - Rafaelsen Mania 
Scale (Bech et at., 1979) were included in the study. Exclusion criteria were 
organic brain disease, schizophrenia, alcoholism, drug addiction and soma­
tic disorders requiring medical treatment. Patients receiving ECT or Li 
treatment were also excluded. 
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A total of 16 patients (14 women and two men) entered the study. 
However, five patients were excluded due to failure in drug administration, 
erroneous collection of blood samples or need for parenteral treatment. Ten 
women and one man with a median age of 35 years (range 23-70 years) 
completed the study. 

The diagnostic classification of the patients was based on the MULTI­
CLAD system (Kramp et al., 1979). This classification was performed by a 
psychiatrist, who otherwise did not take part in the study. By this system the 
patients were grouped in two categories: definite mania and possible mania. 
The evaluation of the clinical effect of haloperidol was performed by rating 
scales. The antimanic effect was measured by the Bech - Rafaelsen Mania 
Scale (Bech et al., 1979), and the haloperidol induced side effects were 
measured by a modified version of the Simpson Scale (Simpson and Angus, 
1970). Patients with a rating score of 10 or less at day 7 were defined as 
responders. The raters were blinded to the plasma levels. On the three rating 
days during the treatment, namely after 2 days (day 3), 4 days (day 5) and 6 
days (day 7) of treatment, blood samples were drawn for measuring plasma 
haloperidol. The tablets or mixture of haloperidol were given in a fixed 
dosage of 5 mg at 08.00 and 20.00, that is 10 mg haloperidol daily. The 
patients were observed during the intake of the medication. 

Diazepam (5-40 mg per day) was allowed if sedation was needed. 
Neuroleptic side effects were treated with biperiden (2-10 mg per day). 
Blood samples were taken from fasting patients at 08.00 on day 3, day 5 and 
day 7 before the morning dose of haloperidol was given, that is 12 h after the 
preceding drug intake. Plasma samples were stored at - 80°C until radioim­
munoassay (RIA) was performed. 

Statistical analyses were performed using non-parametric test methods 
(Siegel, 1956). As the level of statistical significance, P<0.05 was used 
(one-tailed). To compare the sex ratio in the present study with other 
studies, the Fisher test was used. The relationship between plasma levels of 
haloperidol, age of the patients and rating scores was analyzed by the 
Spearman test. Similar analyses were completed for testing the predictive 
value of plasma level of haloperidol on day 3 when correlated to day 5 and 
day 7. To demonstrate the individual dispersion of plasma haloperidol 
between patients, Friedman's test was used. The two groups of responders 
and of non-responders were compared by a Mann-Whitney test. The RIA 
method was used for measuring haloperidol levels in the plasma. The assay 
was performed by means of a commercially available haloperidol RIA kit 
(Institut National des Radioelements, Belgium) (J. Heykants, personal 
communication). 

The data on each patient are illustrated in table 1. 

RESULTS 

The patients were divided into two groups according to the MULTI -CLAD 
score: definite (n= 7) and possible mania (n=4). Due to the small number of 
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patients, we have united the groups, and in the following the total number of 
patients is therefore 11. As the final sex ratio was 10: 1, this study gives 
information on these relationships on females only. 

Plasma levels on day 3 were shown to be of predictive value concerning 
the plasma levels on day 5 and day 7 (Ts=0.87, P<0.01 and Ts=0.74, 
P<0.01). Furthermore, the plasma levels obtained on day 3, day 5 and day 7 
were found stable within the group of 11 patients as indicated by the 
Friedman test (x 2 =0.95, k=3, n= 11, P<0.05). Using the Friedman test, we 
found that the dispersion in plasma haloperidol levels between the patients 
was significantly larger than within the patients from day 3 to day 7 
(X/=25.78, k=l1, n=3, P<0.01). No significant correlation between 
haloperidol plasma levels and total scores on the mania scale was demon­
strated on day 3 (rs=-0.38), day 5 (Ts=-0.39) or day 7 (Ts=-0.37). 
Likewise, when the patients were grouped according to the mania rating 
score on day 7 in responders (n=6) and non-responders (n=5), no differ­
ences was seen in the haloperidol levels (median 3.5 ng ml-I, range 
1.7-4.8 ng ml- I and median 3.2 ng ml- I , rangeO.8-4.1 ng ml- I , respective­
ly). Decrease in total mania score from day 1 to day 3 indicating clinical 
improvement was significantly correlated to plasma level on day 3 (TS = 0.57, 
P<0.05). Furthermore, a significant negative correlation was demonstrated 
between plasma level of haloperidol on day 3 and total mania score on day 7 
(Ts=-0.61, P<0.05). An item analysis of the rating scale for mania was 
carried out and divided into four subgroups, i.e. the sum of scores on items 
no. 1 and 2, concerning motor and verbal activity, the sum of scores of the 
remaining items, i.e. items no.3-II, item no. 6 concerning mood and item 
no. 7 concerning self-estimation. The sum of scores in each group was 
correlated to plasma levels and no significant correlation was found on day 3 
and day 5 for any of the subscales: day 3 (items no. 1 +2, Ts= -0.12; items 
no. 3-11, Ts=-0.38; item no. 6, Ts=-0.44; item no. 7, Ts=-0.21); day 5 
(items no. 1+2, Ts=-0.20; items no. 3-11, Ts=-0.38; item no. 6, 
Ts= -0.36; item no. 7, Ts= -0.19). 

On day 7 a significant correlation to plasma levels of haloperidol and 
items no. 1+2 (Ts=-0.58, P<0.05) was found, but not to the remaining 
items (items no. 3-11, Ts=-0.49; item no. 6, Ts=-0.22; item no. 7, 
Ts= -0.09). A significant positive correlation between plasma levels of 
haloperidol and total score on the side-effect rating scale emerged on day 3 
and day 7 (Ts=0.79, P<0.01, and Ts=0.54, P<0.05, respectively), but not 
on day 5 (Ts=0.32). 

DISCUSSION 

In the present study, the clinical improvement seen on day 3 was slightly but 
significantly correlated to plasma levels on day 3. Furthermore, the plasma 
levels on day 3 seemed to be of predictive value for the clinical outcome on 
day 7. However, we were unable to demonstrate a lower therapeutic limit 
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for plasma haloperidol levels after 6 days' treatment of manic patients, 
which is in contrast to plasma level studies on the outcome of haloperidol 
treatment in schizophrenia (Tune et aI., 1980). However, the correlation 
between verbal motor activity and plasma levels of haloperidol is in agree­
ment with the findings of Shopsin et al. (1975), who indicated that 
haloperidol especially exerts its effect on the psychomotor activity compo­
nent of mania. On the other hand, the lack of correlation between subscales 
and plasma levels is in agreement with the construction of the mania rating 
scale, as its items have been selected due to their high intercorrelation 
coefficients (Bech et al., 1979). 

We found that steady state of plasma haloperidol levels seems to be 
reached within 2 days of treatment, which is earlier than reported in a study 
by Forsman (1977). Concerning haloperidol-induced side effects, a signific­
ant correlation was seen between total rating score and plasma levels on day 
3 and to a lesser extent on day 7, whereas no correlation could be demon­
strated on day 5. This dispersion in the correlation might be due to the 
treatment with biperiden. 

We found no correlation between haloperidol plasma level and the age of 
the patients. The sex ratio in our material was 10: 1 (female versus male). 

It has for many years been generally agreed that the sex ratio in mania is 
1 : 1, but in recent studies on mania the ratios seem to be much more skewed, 
for instance, 14: 3 (McNamee et al., 1972) and 14: 6 (Petterson et al., 1973). 
Although these ratios did not differ from the sex ratios among our patients, 
our results are representative only for females. The number of patients in the 
present study is small, but our results might indicate an adjustment of plasma 
haloperidol level after 2 days' treatment to the highest level in this study, i.e. 
5 ngml- I • 
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(Department of Psychiatry and Department of Nuclear Medicine, Erasme 
Hospital, Free University of Brussels, 808 Route de Lennick, 1070 Brussels, 

Belgium) 

INTRODUCTION 

The recent availability of chemical techniques makes it possible to measure 
plasma levels of psychotropic drugs in relation to clinical response in mental 
disorders. Although most of the work in this area deals with tricyclic 
antidepressants, there is a growing interest in pharmacokinetic parameters 
of antipsychotic medication in schizophrenic illness. 

Haloperidol, one of the most frequently used antipsychotic drugs, is of 
great interest for clinical studies in light of the fact that its pharmacokinetic 
parameters have been extensively studied (Forsman and Ohman, 1977). 
Recent investigations have shown that there is wide interindividual variation 
in plasma levels of haloperidol, an observation consistent with reports 
indicating that high dosage of haloperidol may increase the response to this 
drug in chronic resistant schizophrenic patients (McCreadie and McDonald, 
1977). 

The present study was undertaken to collect preliminary data on the 
pharmacokinetics of haloperidol in schizophrenic patients and to assess the 
reliability of plasma level evaluation in relation to clinical response. 

PATIENTS AND METHODS 

Twenty patients (10 male and 10 female), aged 21 to 66 (mean, 37), 
suffering from schizophrenia according to the diagnostic criteria of Feighner 
et at. (1972) were included in the present investigation. They were hospital­
ized for an acute psychotic relapse and were treated with oral haloperidol 
after a wash-out period of 7 days. All patients were in good physical health 
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with no evidence of any organic disease. None of them was on a long-acting 
neuroleptic treatment at the moment of relapse. Haloperidol was given 
orally three times a day starting at doses of 6 mg, allowing for a weekly 
increase of 6 mg according to the clinical state of the patients. An antipar­
kinsonian drug (procyclidine) was used only if severe extrapyramidal symp­
toms appeared during the study. Nitrazepam was given in the evening if 
necessary. The active study period lasted for 4 weeks. Blood samples were 
drawn once a week in the morning, 10 h after the last oral dose for the 
radioimmunological assay of haloperidol (IRE, Belgium). 

The Brief Psychiatric Rating Scale (BPRS) evaluation was done once a 
week on the same day, the rater being unaware of the dosage and the plasma 
levels of haloperidol. 

RESULTS 

Table 1 summarizes the clinical characteristics of the patients' samples. 
Weight, steady state levels at the end of the study and the amelioration score 
(difference between the BPRS score at the end of the wash-out period and 
the score at the end of the study) are also illustrated in this table. 

Table 1 Clinical and pharmacokinetic data 

Case Sex Age Weight Steady state Amelioration score, 
(kg) (ng ml- 1) (BPRS) 

1 F 26 45 1.4 3 
2 M 21 70 9.2 39 
3 M 63 85 5.5 21 
4 M 21 73 15.7 76 
5 M 46 92 9.4 38 
6 F 39 69 3.5 4 
7 F 66 60 5.5 19 
8 M 22 83 1.2 0 
9 M 23 55 3.2 13 

10 F 32 70 3.2 8 
11 F 23 51 5.6 6 
12 F 29 50 10.6 24 
13 F 28 48 1.9 5 
14 M 30 70 4.1 22 
15 M 51 64 12.5 37 
16 F 37 56 3.6 5 
17 M 40 68 10.1 24 
18 F 31 66 0.2 2 
19 M 22 60 2.7 2 
20 F 30 65 8.5 7 
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Figure 1 shows the distribution of steady state plasma levels of haloperidol 
in patients taking 6 mg of the drug orally. There is a large interindividual 
variation of haloperidol plasma levels with values ranging from a low of 
1.3 ng ml- I to a high of 11.3 ng ml-I, thus showing a ninefold variation 
between the patients studied. Those data are consistent with those previous­
ly published (MorseIli et aI., 1979; Forsman and Ohman, 1976). 
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Figure 1 Distribution of steady state plasma levels in schizophrenic patients 
receiving 6 mg of haloperidol orally. 

Figure 2 is an attempt to correlate steady state plasma levels of 
haloperidol at the end of the study with clinical improvement as measured by 
changes in BPRS scores. The amelioration scores plotted in this figure are 
differences between baseline scores at the end of the wash-out period and 
the scores registered at the end of the study. It is quite clear that ameliora­
tion scores are highly correlated with haloperidol plasma levels, the correla­
tion coefficient being r = 0.87 at the level of significance of 0.001. Patients 
with a plasma level below 4 ng ml- I tend to show poor clinical response or no 
response at all to the medication. 

Patients above the level of 9 ng ml- I show clear-cut therapeutic response 
to haloperidol. Patients with drug levels between 4 and 6 ng ml- 1 show 
intermediate responses to the antipsychotic medication. Since none of the 
patients in this study had a serum level exceeding 20 ng ml-I, we could not 
assess if there is a relationship between clinical deterioration and very high 
levels of haloperidol. 
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Figure 2 Correlation between haloperidol plasma levels and clinical response 
(r= 0.87, p < 0.001). 

CONCLUSION 

In this study, clinical res]X>nse to haloperidol correlates very well with the 
serum concentration of this antipsychotic drug - that is non-res]X>nders 
show low serum drug levels. These results are in good agreement with a 
recent re]X>rt of Tune et al. (1980) using a receptor assay and showing that 
schizophrenic patients with haloperidol plasma levels below 50 ng of chlor­
promazine equivalents show a ]X>or res]X>nse to haloperidol. 

We would like to emphasize the preliminary nature of the study. Some 
aspects of the investigation are open to criticism; in particular, the variable 
dosage regimen and the small number of patients. However, our data 
indicate that the determination of plasma levels of haloperidol could be of 
clinical value in the treatment of schizophrenic patients. 
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Pharmacokinetics and plasma levell effect 
relationships of tricyclic antidepressants: 

an update 
Lars F. Gram and P. Kragh-S0rensen 

(Departments of Clinical Pharmacology and Psychiatry, Odense University, 
Odense, Denmark) 

INTRODUCTION 

The research on pharmacokinetics of tricyclic antidepressants (TCA) has 
developed in two phases. Through the 1960s the bulk of research was 
concentrated on qualitative aspects of distribution, metabolism and excre­
tion. By the introduction of methods for drug concentration assay in human 
blood in the early and mid-1970s, the research has concentrated on quan­
titative aspects of TCA kinetics and the difficult field of relating clinical 
pharmacokinetics and pharmacodynamic and therapeutic measurements. In 
the 1980s a major challenge will be to combine the kinetic/therapeutic 
relationships to a multi-axial diagnostic system that takes both clinical and 
biological classification procedures into account. This seems to be the most 
precise way to improve our diagnostic procedures toward a better identifica­
tion of those patients that are genuinely responsive to treatment with 
antidepressants. Further research on factors influencing the kinetics of 
antidepressants, and kinetic research on the newer antidepressants, is also 
needed. 

PLASMA LEVEL/EFFECT RELATIONSIDPS 

In contrast to the development in the field of neuroleptics (Morselli et al., 
this volume) the last two years' research on plasma level/effect relationship 
of antidepressants has not added much to the general conclusions that could 
be made in earlier reviews (Gram, 1977b, 1978). 

In 1971 Asberg et al. suggested - on the basis of a 2 week study on 29 
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patients - a so called 'curvilinear' relationship between plasma level and 
therapeutic effect of nortriptyline (NT). Table 1 summarizes the studies that 
have confirmed this finding. Three of these studies (Kragh-~rensen et al., 
1973, 1976; Montgomery et al., 1978) seem to meet reasonable research 
criteria in terms of diagnostic classification, compliance-control, blindness, 
etc. These studies, involving 72 patients, all point out that the antidepressive 
effect is poor or lacking when the NT levels are above 175-200 .... g I-I. With 
a dose interval-sampling interval of 24-12 h (Montgomery etal., 1978), the 
critical plasma level limit can be expected to be slightly higher than with the 
8-7 h schedule used in earlier studies (Kragh-S0rensen et al., 1973, 1976), 
provided that the effect is related to the average steady state level (Gram et 
al., 1980). Whereas the concept of an upper effective plasma level limit thus 
is reasonably well established in these studies, the lower effective plasma 
level of NT is still only tentatively defined to about 50-60 .... g 1-1. Indeed, 
several studies have failed to find such a relationship (Burrows et al., this 
volume), but it has not been ruled out that this is not related to methodologi­
cal factors (Gram, 1977b; Gram et al., 1980), and these results underline 
that plasma level monitoring should be used only in the context of proper 
clinical diagnostic practice. 

Table 1 Nortriptyline: plasma level/effect studies confinning studies by Asberg et 
al. (1971) 

N Patient status Diagnosis Duration 
(weeks) 

Kragh-S0rensen et al., 1973 30 In-patients Endogenous 4 
Kragh-S0rensen et al., 1976 24 In-patients Endogenous 4+2 
Ziegler et al., 1976b, 1977 18+1 Out-patients Mixed? 6 
Montgomery et al., 1977* 36 In-patients Mixed? 3-6 
Montgomery et al., 1978 18 In-patients Endogenous 4 

*Open, non-blind study with variable dosage. 

Table 2 summarizes the results of the three studies on imipramine (IMI) 
that fulfil reasonable criteria for design, etc., to be conclusive (Olivier­
Martin et al., 1975; Glassman etal., 1977; Reisby etal., 1977). The studies 
are generally in good agreement, showing that in endogenously depressed 
patients there is a direct relationship between the plasma levels 
(imipramine+desipramine (DMI)) and the antidepressive effect, such that 
optimal effect is obtained when the levels are above 250 .... g 1-1. None of 
these studies have given any indications of a poor therapeutic response in 
patients developing high or very high levels, and the relationship to toxicity 
at high levels is not clear. As discussed by Kragh-~rensen et al. (this 
volume), the most disturbing side effect of IMI is orthostatic hypotension 
occurring at low sub-therapeutic plasma levels (Glassman et al., 1979; 
Thayssen etal., 1981). 

The relative contribution of the two compounds, IMI and DMI, to the 
therapeutic effect is not clear. On the basis of our data analyses (Gram etal., 
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1978; Reisby et al., 1977) we have suggested that perhaps the antidepressive 
effect requires plasma levels of both IMI and DMI above a certain level, 
indicating that simultaneous effect on two different receptor systems might 
be needed. Other independent analyses by our group and others, assuming 
the same effect of both compounds, indicate that IMI might be more potent 
than DMI (Gram et al., 1978; Perel et al., 1978). 

Table 3 summarizes the studies carried out on amitriptyline (AMI). AMI 
is now the most studied TCA in this field, with a total of 320 patients. 
However, the quantity has not contributed to the clarity, and - as indicated 
in table 3 - a general conclusion is not possible at the present time. In some 
of these studies, the lack of appropriate diagnostic classification and lack of 
drug-compliance control probably explain the negative findings. Several of 
the studies (Braithwaite et al., 1972; Montgomery and Braithwaite, 1975; 
Ziegler et al., 1976a; Montgomery et al., 1979) indicate a lower effective 
level of AMI+NT of about 100J,A.gI-I, whereas the demonstration of an 
upper limit (Montgomery et al., 1979; Vandel et al., 1978) is much less 
consistent. AMI may be difficult to study, if the parent compound, AMI, and 
the metabolite, NT, have inherently different plasma level/effect relation­
ship profiles. 

Table 4 summarizes recent studies on clomipramine published within the 
last few years (Della Corte et al., 1979; Tdiskman et al., 1979; Reisby etal., 
1979). These studies differ in several respects of methodology and design, 
and this may explain why the results are so different. 

DIAGNOSTIC CLASSIFICATION 

As indicated in tables 2 and 4, the existence of a plasma level/effect 
relationship seems to be closely related to the diagnosis of endogenous 
depression. The data of Glassman et al. (1977) indicated that in patients 
exhibiting pronounced non-depressive delusional symptoms, the effect of 
IMI was generally poor, and no relationship to the plasma levels could be 
established. These patients did not respond to higher IMI levels (A. H. 
Glassman, personal communication). 

For both IMI and clomipramine, Reisby et al. (1977, 1979) found no 
relationship between plasma levels and therapeutic effect in non­
endogenous, reactive-neurotic depressions, although the recovery rate was 
the same as in the endogenous group (Gram et al., 1980). In the IMI study 
(Reisby et al., 1977), very few of the non-endogenous patients had levels 
above the critical level (IMI+ DMI > 200-250 J,A.g I-I) found in the en­
dogenous group, and the data thus do not exclude that higher drug levels 
would have been effective in some of the non-responding, non-endogenous 
patients. Several of the non-endogenous patients were characterized by 
responding in spite of having very low plasma levels, indicating either 
spontaneous or placebo response or much lower effective plasma level limits 
than in the endogenously depressed patients. 
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The significance of differentiating between endogenous and non­
endogenous, reactive-neurotic depressions has increasingly gained accep­
tance in recent years in relation to drug therapy as well as in biological 
research (Bielski and Friedel, 1976; Carroll, 1980). However, the criteria 
for making this distinction seem to vary between centers. The Newcastle 
diagnostic inventories are increasingly used, but the relative merit of the 
different Newcastle scales (Bech et ai., 1980) or other operationalized 
systems for depression diagnosis has not been examined systematically. In 
the studies on IMI and clomipramine (Reisby et al., 1977, 1979) a combined 
score obtained from two of the Newcastle scales (No. I: Carney et al., 1965; 
No. II: Gurney et al., 1972) was used such that patients that scored 
non-endogenous on one or both of these scales were classified as non­
endogenous. In the majority of patients the classification agreed on the two 
scales, but about 20 per cent of the patients scored endogenous on No. II and 
non-endogenous on No. I. Separate analyses of these patients from the IMI 
study (n= 14) showed a significant relationship (rs=0.51, p<0.05) between 
plasma levels and antidepressive effect that was essentially identical to that 
found in the 37 patients primarily classified as endogenously depressed 
(Bech et al., 1980). The number of patients in the clomipramine study was 
too small to permit similar analyses. Plasma level/effect relationships in 
patients thus may be used to establish which diagnostic scales most precisely 
differentiate between patients with or without a true drug-related response. 
These results underline the necessity of internationally established scoring 
systems for diagnostic classification of depressed patients. Both in plasma 
level/effects studies and in studies on biological diagnostic markers (Carroll, 
1980) the use of different or poorly defined diagnostic procedures may 
become a major source of apparent disagreement between different re­
search centers. As suggested in recent studies on clomipramine by Trfiskman 
et al. (1979), classification of patients by biochemical tests may be useful to 
identify patients showing a plasma level related response. Indeed the 
possibility of different effective plasma levels in different types of depres­
sions should always be considered. 

PHARMACOKINETICS 

The various aspects of pharmacokinetics relevant to plasma level/effect 
studies as well as to the clinical application of plasma level monitoring of 
antidepressants have been discussed in detail in previous reviews (Gram, 
1977b, 1980; Gram et al., 1980). Once it has been decided to adjust drug 
dose on the basis of plasma concentration measurements, a rapid and 
reliable method for dose adjustment will be needed. For NT a schedule using 
samples taken after 7 -1 0 days of treatment has been shown to be feasible 
and reliable (Kragh-S0rensen et al., 1980; Kragh-S0rensen and Larsen, 
1980). A scheme for earlier dose adjustment has been suggested by Cooper 
and Simpson (1978) and Braithwaite et al. (1978), using a single-
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dose-single-sample prediction, and Kragh-S0rensen et al. (1980) predict­
ing from blood samples drawn early in the course of treatment. The latter 
procedure has obvious practical advantages and has shown a moderate to 
good reliability, but the clinical applicability of this procedure has to be 
finally established in larger patient materials. Preliminary data on lithium 
(Li) indicate that this principle for prediction may also be applicable for this 
drug. 

We have previously developed the theoretical basis for using only within­
patient plasma level measurements for steady state level prediction on the 
basis of the following equation (Gram et al., 1980): 

Co:> = G Ci, ( ) 2~-~ 2~-~ 1 

where Ch ~ and C4 denote the concentration measurements after the first, 
second and fourth doses, and Co:> the concentration at steady state. How­
ever, for both NT and Li the equation generally gives too high predicted 
values of Co:>, and in some cases the denominator (2CI -~) becomes close 
to zero. This is explained by the course of plasma concentration build-up 
shown for NT (Kragh-S0rensen et ai., 1980). In the majority of patients the 
rise in plasma concentration during the first 3-4 days is almost linear and 
not curved as it theoretically should be. Obviously, changes in drug kinetics 
take place during the early phase of administration, but the nature of these 
changes can not as yet be settled. The error made by disregarding terms for 
absorption and distribution (two-compartment model) in deriving equation 
(1) can at most account for an overestimate of Co:> of 2-3 per cent. The 
plasma concentration reached after 3-4 days is very often close to the final 
steady state level, and it may be sufficiently accurate to regulate the dose on 
this basis. However, in some patients the NT concentration may continue to 
rise over several weeks (Kragh-S0rensen et al., 1976), and this may indicate 
that there are non-linear kinetics in occasional patients, although propor­
tionality between NT dose and steady plasma levels has been shown in large 
patient materials of all ages (Kragh-S0rensen and Larsen, 1980). 

For IMI, recent results from our research unit indicate that non-linear 
kinetics probably is a more general problem (Bjerre et al., 1981). In a study 
on elderly depressed patients (age 63-78) it was found that in all patients 
(n=6) that had the IMI dose increased, the plasma concentration of the 
metabolite DMI rose disproportionally (figure 1), whereas the IMI concent­
ration generally rose proportionally to the increase in dose. Reviewing the 
records from earlier studies on IMI (Gram et al., 1977; Reisby et al., 1977), 
one case (female, age 63) was disclosed in which similar disproportional 
changes of the DMI level followed reduction of the IMI dose. These data 
indicate that disproportionality is an almost universal phenomenon in 
elderly patients, whereas available data from younger IMI-treated patients 
do not permit conclusions concerning this group. Single dose studies on 
younger healthy volunteers have indicated first-order kinetics (Gram et al., 
1976), but this may not be representative for multiple dosing in patients. 

The disproportionality most likely is related to a limited capacity of 
hydroxylation metabolism. The interaction between neuroleptics and IMI 
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Figure 1 Corresponding dose of imipramine and plasma concentration of the active 
metabolite desipramine in seven elderly patients (age 63-78). C, concentration; D, 
dose; H, high dose; L, low dose. Starred points indicate that the new steady state 
level has not been reached. 

also affects mainly the hydroxylation of DMI (Gram et al., 1974; Gram, 
1975, 1977 a); elderly patients seem to be more susceptible to this effect. In 
two patients, a daily dose of only 8 mg perphenazine thus resulted in a clear 
rise of the DMI levels (Bjerre et al., 1981). 

A decreased capacity for hydroxylation will affect mainly DMI because 
this compound has lower affinity to the microsomal enzymes than has the 
parent compound, IMI (von Bahr, 1972). The presence of IMI thus may be 
important, and the DMI plasma concentration levels may not necessarily 
show the same pattern of non-linearity if DMI is given as the parent drug 
(see the discussion of linearity of NT kinetics above). The age variations in 
steady state levels in IMI-treated patients appear to affect the IMI levels as 
much as the DMI levels (Nies et al., 1977; Gram et al., 1977). Nies et al. 
(1977) also found an effect of age in AMI-treated patients on AMI levels, 
but not on the levels of the demethylated metabolite (NT). This may indicate 
that the demethylation also changes by age, or that the first-pass elimination 
of IMI and AMI decreases (systemic availability increases) as a consequence 
of changes in hepatic blood flow in the elderly. 

The effect of age on the kinetics of TeA thus may be quite complex, and 
different for different compounds, and at least partly related to the dose 
levels studied. 

As will be discussed elsewhere (Kragh-S0rensen et al., this volume) dose­
and age-dependent kinetics is only one of several problems associated with 
the use of IMI in the elderly, and the interplay between pharmacokinetics 
and dynamics seems to be particularly complex in this group of patients. 
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INTRODUCTION 

The overall objective in describing mathematically the time course of drug 
and metabolite concentrations in the body is twofold: (1) to give a reasona­
ble summary and explanation of the characteristics of the data, and (2) to 
make predictions and design future studies. Forecasting the results from 
multiple dosing, effects of disease states, and pharmacologic/toxicologic 
activity from limited drug concentration data are major goals of predictive 
pharmacokinetics. 

The purpose of this paper is to give an overview of approaches for 
analyzing pharmacokinetic data pertaining to high clearance drugs and their 
metabolites. Data for the tricyclic antidepressants (TCA) will be used for 
illustration and the concept of transit time analysis for describing metabolite 
disposition will be introduced. 

SHAM CHARACTERISTICS 

An appropriate starting point in dealing with raw data collected in a 
pharmacokinetic study, such as serum or plasma concentration - time data, is 
to subject them to graphical or computer analysis to determine the SHAM 
characteristics for each data set (figure 1). This acronym refers to the slopes 
of the curves (S), their heights or intercepts (H), the total area under the 
concentration-time curve (A), and the first moment of the curve (M) 
(Caprani et al., 1975; Lassen and Perl, 1979). The iterative computer 
program NONLIN (Metzler, 1969) and the LaGrange polynomial al­
gorithm for determining area (Yeh and Kwan, 1978) are useful for curve-
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RAW DATA 

COMPARTMENTAL SH!AM PHYSIOLOGICAL 
MODELS - - MODELS 

EXPLANATIONS 

PREDICTIONS 

C p 

V 

Figure 1 Phannacokinetic data are analyzed by determining the SHAM charac­
teristics (see text), assigning models, or using model-independent calculations to 
explain the data and make predictions. 

fitting and area analysis. Computer analysis using regression programs is 
preferred to hand calculations because of the rapidity, flexibility, and less 
biased nature of this approach. 

At this point four basic parameters can describe most types of phar­
macokinetic data. Often this may be enough. For example, from the 
terminal plasma concentration decline following single or multiple drug 
doses, the half-life can be computed to predict the dosing time required in 
that individual to attain steady state conditions (Gibaldi and Weintraub, 
1971). The SHAM analysis serves to summarize the fundamental charac­
teristics of any curve without the need for any model assumptions. The 
SHAM properties are generally exact to the degree of intensity of blood 
sampling and the accuracy of the terminal slope value. The latter is crucial 
for determining A and M by extrapolation of the last data point to time 
infinity. 

COMPARTMENTAL MODELS 

Concentration - time data for the TCA are frequently analyzed with the use 
of compartmental models (Gram etal., 1976; Jorgensen and Hansen, 1976; 
Ziegler et al., 1978). A one- or two-compartment open model is common. 
The one-compartment model assumes the drug to be homogenously distri­
buted throughout the body. The two-compartment model assumes a central 
compartment containing the blood volume and the highly perfused tissues 
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such as liver, kidneys, and lungs. The peripheral compartment consists of the 
poorly perfused tissues such as muscle and fat (Riegelman et al., 1968). 

The choice of models will partly depend on the purpose of the analysis. 
For example, figure 2 shows desipramine (DMI) concentration-time data 
which were computer-fitted to both a one- and a two-compartment open 
model. If the major purpose of the analysis is to describe the terminal 
log -linear disposition phase of drug concentration, then both models 
describe the data equally well. However, if the purpose is to characterize the 
input of the drug to the body, as would be desirable in a bioavailability study, 
then the one-compartment model is less suitable as the distributive and 
absorptive phases are merged in one term reflecting the early time course of 
the data. Realistically, neither a one- nor a two-compartment open model is 
likely to reflect the true disposition of desipramine. As the tricyclics undergo 
an extensive pre-systemic elimination (Gram, 1977), a more appropriate 
analysis may be to consider the major eliminating organ, the liver, as a 
compartment separate from the central compartment (Gibaldi and Feld­
man, 1969). This type of model is depicted in figure 1, where compartment 2 
represents the liver when drug input occurs by a first -pass route of administ­
ration. To predict accurately tissue concentrations (for example, in the 
central nervous system), at least a two- or a three-compartment model will 
be required (Westlake, 1971; Van Rossum, 1973). 
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Figure 2 Plasma concentrations of desipramine (e) as a function of time after a 
50 mg dose in a volunteer. Data are computer fitted to a one-compartment open 
model (dashed line) or a two-compartment open model (solid line). 
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An inherent problem in compartmental analysis is determining the ade­
quacy of model assignment (Wagner, 1975). Fortunately, some measures 
exist to help determine the goodness of data fit. Subjectively, the computer­
predicted concentrations can be inspected to insure that no systematic 
deviations occur from the observed data. Objectively, correlation coeffi­
cients, the sum of the unweighted and weighted squared deviations, and the 
Akake Information Criterion (Yamaoka, 1978a) may be used. 

PHYSIOLOGICAL MODELS 

Physiological models, concepts, and constructions have become the prefer­
red vehicles for examining pharmacokinetic data. Volume and clearance 
parameters for describing drug disposition are more realistic than the use of 
rate constants and indefinite compartmental models. Elaborate physiologi­
cal models incorporate real physicochemical and physiological characteris­
tics such as blood flows, diffusion processes across membranes, metabolic 
activity of eliminating organs, and thermodynamic properties such as bind­
ing and partitioning to describe drug disposition (Dedrick, 1973; Chen and 
Andrade, 1976). 

A simple hepatic perfusion model which is applicable to TCA can be 
employed to assess the expected disposition characteristics of high clearance 
drugs and their metabolites (figure 3). The drug dose (Do) can be input 
either intravenously (Do(IV» into a distribution space (V) resulting in a 
plasma concentration (Cp), or orally (Do(oral» to stimulate a first-pass route 
of administration. The oral dose enters the liver by the hepatic blood flow 
(QH) where it distributes within the volume of the liver (VH ) and emerges 

Do(IY) Do (oral) 

1 Q ! Q 
~ IH 

I 1 
C p CM 

Clint VH VHM 

V VM 

t Cy Cy t 
CI R CI~t 

Figure 3 Physiological perfusion model used to assess disposition characteristics of 
high clearance drug and metabolites (abbreviations explained in the text). 
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with a concentration in the venous blood (Cv). The parent drug can be 
eliminated either through the liver by intrinsic metabolic clearance (Clint) to 
form a metabolite or by a secondary systemic pathway such as renal 
clearance (C/R ). The metabolite, in turn, occupies a characteristic hepatic 
volume (VHM) and distribution space (VM ). The plasma concentration of the 
metabolite (CM ) declines according to VM and its intrinsic metabolic clear­
ance (Cli:,). Equations have been derived (Pang and Gillette, 1978) which 
describe the area under the concentration-time curve for parent drug and 
metabolite after parent drug administration intravenously (AUCIV , 

AUCtt,) and orally (AUCpo, AUC~): 

AUCIV 
Do( OH + Clint) 

(1) 
~C/int + C/R(OH + Clint) 

AUCtt, 
Do·OH·Clint 

(2) 
CI[;;!t[OH·Clint + C/R(OH + Clint)] 

AUCpo 
Do·O H 

(3) 
OH·Clint + CIR(OH + Clint) 

AUC~ 
Do· Clint( OH + CIR) 

(4) 
Cli~t [ OH· Clint + C/R( OH + Clint)] 

The major conceptual differences among these equations is the fact that 
Dol A UCIV yields the systemic clearance of drug (C/p) while Dol A UCpo is a 
function primarily of the intrinsic clearance (Wilkinson and Shand, 1975). 
They permit evaluation of the role of route of administration on disposition 
of the parent drug, including formation of metabolites. Inspection of equa­
tions (2) and (4) reveals that A UC~ and A UC~ are equivalent only when 
secondary clearance of the parent drug is zero. Simulations show that 
increasing secondary clearance causes a reduction in A UC~ in direct 
proportion to the reduction in A UCIV (figure 4). However, the reduction in 
A UCpo is not accompanied by a proportionate reduction in A UC~. 

A rigorous assessment of TeA disposition data in humans with physiolog­
ical models is hindered by the difficulty in obtaining quantitative informa­
tion on individual blood flows, organ partition coefficients, and organ sizes. 
Nevertheless, the physiological approach with clearance terms and con­
structions to describe drug disposition is preferred over vague compartmen­
tal models and rate constants. 

TRANSIT TIMES 

A model-independent approach can characterize TeA disposition utilizing 
transit times. The mean residence time, or transit time, 1, which is calculated 
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Figure 4 The effects of altering the secondary clearance (C~) on the area under 
the curve relationships for the hepatic perfusion model. Parameters used were: 
Do=100 mg, QH=1.51 min-I, Clmt=3.0 I min-I, Cit!t =2.0 I min-I, and CiR or Cl.ec 
varies from 0 to 2.0 I min-I. 

as the quotient of the first moment and the area under the curve, is a useful 
characteristic finding increasing utility in pharmacokinetic studies. As a 
time-average value, f is the average length of time spent by a drug molecule 
from its entry into the body until its exit (Oppenheimer et ai., 1975; Lassen 
and Perl, 1979). For intravenous doses, it is determined fundamentally by 
the volume of distribution at steady state ( VOss) and systemic clearance: 

f=VnssIq, (5) 

if it can be assumed that V> VH (figure 3). Rearrangement allows a 
model-independent method for calculation of Voss (Benet and Galeazzi, 
1979) from t and C~. Numerical integration of the function t·e;, versus t 
provides an easy method of generating i from any type of experimental data: 

(6) 

In addition, f, because of its model-independent nature, provides a much 
needed alternative to calculation of absorption rate constants in bioavaila-
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bility studies (Yamaoka, 1978b). For an intramuscular dose of dn;g the 
transit time, ~m' is 

_ VOss _ 

tim = q, + tabs, (7) 

where Tabs is the transit time for the input process and is equal to the 
reciprocal of the absorption rate constant for a simple first-order absorption 
process. Similarly, the transit time for an oral dose of drug, ~, is 

_ VDss _ 

fp,= - + tabs· q, 
(8) 

Note that both equations employ C1p=Do/AUCiv for the case of high 
clearance drugs. 

It is evident that the transit time for a metabolite given directly, ~, is 
related to the fundamental characteristics of the metabolite as 

- ~ t =--
m CI~. ' 

(9) 

where vt: .. is the volume of distribution at steady state of the metabolite. 
While it may be impossible to determine either vt:.. or CIt:. without direct 
administration, the transit time of metabolite formed from parent drug, i;. .. m, 

can be determined as 

~m=t+~, (10) 

where t is tn. Substituting equation (7) into equation (10), 

(11) 

gives ~m for systemic administration of parent drug. The relationship for 
oral administration of the parent drug must account for first-pass availability 
of metabolite (F): 

(12) 

If it is assumed that ~ is similar for oral and intramuscular doses, ~m 
following first-pass metabolism of parent drug should be shorter than when 
metabolite is formed by introduction of parent directly into the systemic 
circulation because of the effect of F·. This can be visualized in figure 3 by 
considering the steps involved in formation and elimination of metabolite 
when parent drug is introduced into either Vor VH. 

This theory can be extended further to sequentially formed, multiple 
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metabolites. Consider as an example 2-hydroxydesipramine (2-0H-DMI), 
the first-pass metabolite of desipramine (DMI) (DeVane et al., 1980). 
When OMI is administered orally, 2-0H-OMI should have a shorter Tthan 
if DMI must first be formed by administration of a precursor, imipramine 
{lMI}. Furthermore, the transit time of 2-0H-DMI should be even longer if 
IMI is administered intramuscularly rather than orally, thus avoiding the 
first-pass formation of DMI. To test this theory, transit times for 2-0H­
DMI were calculated from data obtained in a three-way cross-over study 
where four normal volunteers were given single doses of oral DMI, oral IMI, 
and intramuscular IMI (figure 5). For each of the volunteers, the transit time 
of 2-0 H -D MI was longer when IMI was administered intramuscularily than 
when DMI was given orally. In volunteers 2, 3, and 4 intramuscular IMI 
produced longer transit times of 2-0H-DMI than did oral IMI, consistent 
with theory. Only in volunteer 1 did the observed results deviate substantial­
ly from theory, as the transit time was longer from oral IMI than from 
intramuscular. This result may be due to differences in absorption charac­
teristics between the two doses. Recalling that tis determined from the time 
that drug enters the body, any increased lag time occurring before the 
beginning of absorption of the oral dose that was not present with the 
intramuscular dose would create an artifactually long transit time for 
resulting metabolites. Thus, the close agreement between the nature of the 
observed transit times indicates that this characteristic is a useful addition to 
pharmacokinetic analysis of high clearance drugs and their metabolites. The 

_DMI [=::J IMI, oral I: : : :1 IMI I im 
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Figure 5 Mean transit time of 2-hydroxydesipramine in four volunteers who 
participated in a cross-over study of single dose desipramine, imipramine, and 
intramuscular imipramine. 
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transit time concept also has direct clinical relevance as it reflects the 
duration of time that each compound resides in the body and can serve to 
compare a series of drug analogs or metabolites. 

SUMMARY 

Pharmacokinetic data may be analyzed by several possible approaches for 
the purpose of interpreting data and making predictions. The SHAM 
characteristics are the starting point from which compartmental or 
physiological models may be developed. The latter are preferred but require 
more extensive data for use than is often available. The inherent physiologi­
cal volume and clearance parameters may be calculated by model­
independent methods to allow comparisons of different sets of data. 

Transit-time analysis is proposed as a useful, model-independent ap­
proach to accompany the area value in the fundamental pharmacokinetic 
characterization of metabolites of high clearance drugs. 
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Prediction of plasma levels and clinical 
response in depression 

Stuart A. Montgomery 
(Academic Department of Psychiatry, St Mary's Hospital, Harrow Road, 

London W9 3RL, UK) 

Those of us who treat patients daily continue to be disappointed with the 
relatively low response rate seen with the tricyclic antidepressants (TCA)­
in the region of 30-50 percent of the patients do not show a response within 
a trial period in patients who have been selected for the response to 
antidepressants. 

The response is slow and uneven and if these drugs were being used to 
treat a fulminating illness like pneumonia they would have been abandoned 
long ago. Compassionate clinicians continue to pray for the development of 
an antidepressant which will act rapidly in a higher proportion of cases in 
order to reduce the amount of suffering and morbidity caused by inade­
quately treated depression. 

One approach to improving response with conventional TCA has been to 
pay attention to plasma levels. 

There are more studies on the relationship of plasma concentrations and 
clinical response on nortriptyline (NT) than any other TCA. Asberg et al. 
(1971), Kragh-S0rensen et al. (1973, 1976), Ziegler et al. (1976,1977) and 
Montgomery et al. (1977, 1978a) (figure 1) have all reported a significant 
relationship between plasma NT concentrations and clinical response. 
Studies by Lyle et al. (1974) and Burrows et al. (1972, 1974) did not 
demonstrate a significant relationship. There appears to be a consensus that 
in treating endogenous depression with NT the best clinical outcome is 
associated with plasma concentrations approximately between 50 and 175 
or 200 ILg 1-1 and that a poorer response is seen in patients with concentra­
tions outside this range. 

In a rather elegant double-blind study, Kragh-S0rensen et al. (1976) 
demonstrated the significant clinical advantage of adjusting the dosage of 
those patients with high plasma NT concentrations to bring them within the 
oI"timum therapeutic range for 2 weeks at the fourth week of treatment. 

There have also been a large number of studies investigating the relation­
ship between plasma concentrations of amitriptyline (AMI) and clinical 
response. This is hardly surprising, since AMI is the most widely prescribed 
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Figure 1 Relationship between amelioration of depression scores (difference in 
Hamilton scores between weeks 0 and 4) and mean plasma nortriptyline levels. 

antidepressant in the world. A relationship has been reported by Braith­
waite et al. (1972), Montgomery and Braithwaite (1975), Ziegler et al. 
(1977), Kupfer et al. (1977), Vandel et al. (1978), Montgomery et al. 
(1979a, b) and Moyes and Moyes (1978). All of these studies, with the 
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Figure 2 Plasma levels of amitriptyline and clinical response as HRS percentage 
change. 
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exception of Kupfer et al. (1977), either reported a curvilinear relationship 
(Montgomery and Braithwaite, 1975; Vandel et al., 1975; Montgomery et 
al., 1979a, b; Moyes and Moyes, 1978) between drug plasma concentration 
and response or had findings which were consistent with the curvilinear 
hypothesis that the optimum response is associated with intermediate 
concentrations of AMI plus NT of between 80 and 200 IJ.g I-I. Coppen etal. 
(1978), Liisberg et al. (1978) and Robinson et al. (1979) did not report the 
existence of a relationship. However, in the study of Liisberg et al. (1978), of 
the three patients developing high plasma concentrations (>200 
AMI + NT) two were non-responders, which is certainly consistent with the 
curvilinear hypothesis. Likewise, the study by Coppen et al. (1978) reported 
that high plasma concentrations of NT were associated with a significantly 
poorer outcome measured as percentage change of Hamilton Rating Scale 
(HRS) (Hamilton, 1967). This very interesting observation, which was 
confirmed in the study of Montgomery et al. (1979a), suggests that high 
concentrations of NT may be responsible for inhibiting the antidepressant 
effect of AMI (figures 2 and 3). It is these same high concentrations of NT 

:: .. 
! 
a: 
~ 10 

.ii 

I 
a: 
~ 
D 

1 .. 

'0 4 

WEEKS 

,4.44 .. 

• 

Figure 3 Response of patients developing amitriptyline plus nortriptyline levels 
inside and outside the therapeutic range 80-200 ILg I-I. 
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which have been implicated as a cause of cardiotoxicity (Burrows et al., 
1976). 

There have been rather fewer studies investigating the possible relation­
ship between kinetics and response with mianserin. Montgomery et al. 
(197 8 b), in a large study, proposed the existence of a curvilinear relationship 
for mianserin with a significantly poorer outcome associated with very high 
plasma concentrations and the suggestion that very low levels were also 
associated with a poorer response (figure 4). Perry et al. (1978) and Russell 
(1978) reported a poorer response associated with low plasma mianserin 
concentrations. Very high levels were not observed in these two studies or 
indeed in the study by Coppen et al. (1976), where no relationship was 
observed. It would appear from these studies that high concentrations of 
mianserin do not occur sufficiently often in routine dosage to create much of 
a problem. 
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Figure 4 Plasma levels of mianserin and clinical response as amelioration of HRS. 

No relationship has been reported between plasma concentrations of 
maprotiline and antidepressant response in studies by Angst and Rothweiler 
(1974), Mathur et al. (1976), Fensbo (1976), Norman et al. (1978) or 
Montgomery et al. (1980a). Angst and Rothweiler (1974) suggested that 
the poor response seen in the two patients who developed very high 
concentrations of maprotiline may be evidence of the upper limit of an 
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optimum therapeutic range. However, since no other study has found 
patients developing these very high concentrations, they are unlikely to 
present the same sort of problems seen with NT or AMI. Indeed in the 
double-blind group comparison study of maprotiline and AMI by Mont­
gomery et al. (1980a), high plasma drug concentrations were observed in 70 
percent of the AMI-treated group and were associated with a poorer 
response compared with those developing moderate concentrations. In the 
maprotiline-treated group (who had a better response), there was no 
relationship between drug plasma concentrations and response. Likewise, 
high levels of norzimelidine, the active metabolite of zimelidine, have been 
reported to be associated with a poor response in endogenous depression by 
Montgomery et al. (1980b) (figure 5). No relationship was reported by 
Coppen et al. (1979), who were investigating a mixed diagnostic group. 
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Figure 5 Response of patients developing norzimelidine levels above and below 
800 nmoll- I . 

The majority of investigators who found a relationship between plasma 
levels and response have studied patients with defined endogenous depres­
sion. Indeed, in the studies of Montgomery et al. (1978c) on mianserin the 
relationship was found in the group with endogenous depression defined by 
the Newcastle scales and not in the reactive depression group. It is important 
to avoid generalizing from the findings with endogenous depression to other 
groups of depressed patients. It may well be that the studies of Burrows et al. 
(1972,1974), Robinson etal. (1979) and Coppen etal. (1978), in failing to 
use recognized diagnostic criteria, included too high a proportion of patients 
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without endogenous depression to demonstrate a plasma level response 
relationship. 

A lO-fold interindividual variation in plasma levels has been reported 
with a constant dose. In any arbitrary dosage regime chosen, one patient 
may develop levels 10 times those of another. It would be more logical to 
move from an arbitrary dosage regime toward using plasma levels to 
determine dosage and improve response. 

Waiting for the achievement of steady state plasma levels and their 
subsequent measurement may involve unnecessary delay during which time 
some patients would have developed inappropriate levels. Prediction of 
plasma levels using complex pharmacokinetic measures is cumbersome, 
expensive and difficult to use. 

In my group, we have been investigating prospectively in a variety of 
antidepressants the use of simple 24 h or 48 h spot levels after a single oral 
dose as predictors of steady state plasma concentrations and clinical re­
sponse. These simple tests are convenient to use in an in-patient or clinic 
setting. The patient is given a timed single oral dose under supervision and a 
blood sample is taken 24 and 48 h later. For NT (Montgomery et al., 1979c) 
the response of patients developing levels above the recommended range 
(200 J.l.g I-I) was 20 percent improvement of HRS score, whereas the 
response of patients inside the range was 81 percent. In this study on NT a 
close relationship (r=0.97) was observed between the 48 h spot plasma 
level and steady state levels. This allowed us to examine the use of the 48 h 
level as a predictor of responders and non-responders (HRS<>8). The 
point biserial correlations (0.61, p<0.05) showed the 48 h level to be a 
significant predictor of response (figure 6). 
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For AMI the response in the 38 patients who developed plasma levels of 
AMI + NT within the recommended range (80-200 J-Lg I-I) was 72 percent 
and outside the range 43 percent. Of those outside the recommended range, 
seven patients were below the range and 20 above. It appears from our 
investigations that the high levels of NT, the metabolite of AMI, determine 
non-response, although a combination of the two drugs may be responsible 
for some of the effect. 

The prediction of steady state levels of AMI + NT is complicated by the 
metabolism of AMI to NT. However, the correlation, r=0.7, of the 48 h 
AMI + NT level with steady state plasma levels appears adequate for predic­
tion. The point biserial correlation is not the most appropriate statistic for a 
curvilinear relationship. However, in this study, where a substantial number 
of patients with a poor response developed high levels of NT when treated 
with AMI, there was a significant point biserial correlation (0.44,p<0.05) 
with the 48 h NT level. 

The disadvantage of inappropriate high levels of NT is probably more 
serious than inappropriate low levels. Failure to respond with high levels 
may be complicated by cardiotoxicity, which has been demonstrated by 
Fensbo (1976) to be significantly more common in patients developing 
levels above 200 J-Lg 1-1. This is in agreement with the findings of Burrows et 
al. (1976). Taylor and Braithwaite (1978) have demonstrated, using non­
invasive techniques, that there is a linear relationship between changes in 
systolic time intervals and plasma levels. The predictor tests may, therefore, 
be used both to improve response and to avoid unwanted and possibly 
dangerous side effects. 

We have examined this phenomenon with zimeliqine and found that high 
levels greater than 800 nmoll-1 were associated with a significantly poorer 
response than lower levels. Both zimelidine and norzimelidine appear to 
predict non-response, point biserial correlation on the 48 h predictor test 
0.67 and 0.66 respectively, although the plasma level relationship was only 
evident for norzimelidine. 

For clomipramine and maprotiline, we could detect no plasma 
level/clinical response relationship and the 48 h point biserial correlations 
are appropriately low. If a significant plasma level/response relationship has 
not been established, it is obviously unlikely that the prediction of plasma 
levels will help judge response. The same is likely to be true for non­
endogenous depression where most studies have failed to determine a 
plasma level/response relationship. Prediction of levels for non-endogenous 
depression are, therefore, unlikely to be useful in the prediction of response, 
although they may help in avoiding toxic plasma levels. 
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Kinetic aspects of nortriptyline dose 
regimen 

K. Fredricson Over0 
(Biochemical Department, H. Lundbeck & Co. A/S, Ottiliavej 7-9, DK 

2500 CopenhagenNalby, Denmark) 

INTRODUCTION 

The kinetics of nortriptyline (NT) have been extremely well documented by 
a series of investigations during the past 10 years. Such studies on NT, as well 
as other tricyclic antidepressants (TCA), have been of increasing interest 
ever since the discovery of markedly different plasma levels in patients given 
the same dosage (Hammer and SjOqvist, 1967) - a phenomenon which is 
one of several explanations for the variability in the therapeutic response to 
these compounds. Detailed investigations of factors determining the varia­
bility naturally became highly important, as did studies on the predictability 
and maintenance of suitable drug levels in the individual patient - especially 
since the existence of an optimal therapeutic plasma range was suggested by 
several investigators (Asberg et aI., 1971; Kragh-S0rensen et al., 1973, 
1976; Ziegler et al., 1976; Montgomery et al. 1977). 

The kinetic information that has accumulated through several investiga­
tions (Alexanderson 1972a,b; Gram and Fredricson Over0, 1972, 1975; 
Gram et al., 1974; Fredricson Over0 et al., 1975) clearly indicate that the 
administration of NT as one daily dose would result in roughly the same 
plasma concentrations as the traditional administration of three daily doses. 
The recommended dosage regimen of two to four daily doses has generally 
remained unchanged, however, although some use of a once-daily scheme 
has been noted (Ayd, 1974; Ziegler etal., 1976, 1977;Maguireetal., 1976). 
The advantages of a once-daily dose regimen as compared to repeated 
intake during the day have been much debated (Ayd, 1972, 1974; Schubert 
and Miller, 1978) and it has been maintained that the once-daily scheme 
greatly improves patient compliance. 

With this background, it appears rational to utilize existing kinetic data for 
its fundamental purpose, namely prediction, and to calculate concentration 
patterns attained with different dose regimens. Since kinetic models and 
predictions thereof are true only as long as they are not demonstrated to be 
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insufficient or false, experimental confirmation and clinical evaluation 
appears to be the next logical step before an altered dose regimen can be 
recommended. 

PREDICTION OF NORTRIPTYUNE CONCENTRATION 
PATIERNS 

Simulations using previous data 

It has been suggested (Fredricson Over0 et al., 1975) that the kinetics of NT 
may be described by a two-comp2rtment open model and first-order rate 
constants for its distribution and elimination have been presented (Gram 
and Fredricson Over0, 1975; Fredricson Over0 et al., 1975, 1977). The rate 
constant for absorption has not been and is not easily evaluated, however, 
and for the present purpose different first-order rate constants were as­
signed to the absorption process. Plasma concentration curves were then 
simulated according to the suggested model by means of a suitable computer 
program established by Dr V. Hansen at H. Lundeck & Co. The relevant 
equations for single dose and steady state curves in the central (C h 'plasma') 
as well as peripheral (C2, 'tissue') compartments are shown in figure 1. 
Predictions were made with data from 12 subjects participating in previous 
studies (patients A, B, and C from Fredricson Over0 et al. (1977) and 
subjects 1-5 and 7-10 from Gram and Fredricson Over0 (1975); subject 6 
and patient D were excluded because of poor parameter estimations). In a 
recently published study (Fredricson Over0, 1980) predictions were based 
upon data from subjects 5,8, and 10 and absorption rate constants of 0.2, 
0.35 and 0.5 h- I • For the present calculations rate constants of 0.35, 0.50 
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Figure 1 Equations for single dose and steady state concentration curves in the 
central and peripheral compartments of a two compartment model. 
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and 0.65 h-1 were chosen and a total daily dose of 150 mg NT base with a 
first-pass reduction of 50 percent (Gram and Fredricson Over0, 1975). 
Curves were calculated for once-daily and t.i.d. dose regimens and com­
pared to existing experimental data. 

Rate of absorption 

The predicted single dose plasma concentrations are summarized in figure 2 
for the slower (k,.=0.35) and intermediate (k,.=0.50) absorption rates. The 
shapes of the curves are reminiscent of previously published patterns 
(Alexanderson, 1972b; Gram and Fredricson Over0, 1972; Gram et al., 

Abs. rate con st. 0.35 

:~ 
~-r---------~, ----.,,------~ • I If'" 

5 10 15 20 5 10 15 20 
HOURS 

Figure 2 Single dose plasma concentration curves predicted for 12 individuals 
according to the two compartment model with absorption rate constants of 0.35 h- I 

(left) and 0.50 h- I (right). 

1974), particularly those combined with the slower absorption rate con­
stant. The k,.=0.50 curves - and to even greater extent the k,.=0.65 ones­
display early peak concentrations, which are unusual in the data material 
referred to above. Neither was it a common finding in the very same 
individuals (1-5, 7-10) for whom experimental oral data exist (Gram and 
Fredricson Over0, 1975). A comparison between predicted and observed 
data in terms of the time at which maximal plasma concentration is attained 
(table I) clearly indicates an absorption rate constant of 0.35 to be more 
realistic than 0.50. With k,.=0.65 absorption obviously gets too rapid, while 
k,.=0.20 in a recent study (Fredricson Over0, 1980) proved to give too slow 
a process. For the present purposes it seems reasonable to conclude, 
therefore, that the absorption of NT is reasonably well described by a 
first-order rate constant of about 0.35 h-1• 

Plasma level Ductuation 

The degree of fluctuation within a given dose interval is determined by the 
relationship between the rates of absorption, distribution and elimination. 
Invasion rates which exceed the distribution rates inevitably cause transient 
accumulation in the plasma compartment and thus more or less pronounced 
fluctuation. The relatively slow absorption of NT - a rate constant of 
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Table 1 Predicted and observed times of peak level after nortriptyline administra­
tion 

Subject 

1 
2 
3 
4 
5 
7 
8 
9 

10 
A 
B 
C 

Mean 
S.D. 

Single dose ~ (h) 

Predicted times based on 
absorption rate constants (h-') of 
0.35 0.50 0.65 

3.5 
5 
5 
5.5 
6 
5 
7 
1 
9 
5 
3 
5 

5.0 
2.0 

2 
3 
2.5 
2 
4 
2 
5 
1 
6.5 
2 
1 
4 

2.9 
1.7 

1 
2 
2 
2 
3 
2 
4 
1 
4.5 
1 
1 
3 

2.2 
1.2 

Observed 

4 
6 
9 
7 
7 
7 
4 
6.5 
7 

6.4 
1.6 

0.35 h-1 corresponds to a 2 h absorption half-life - is therefore of decisive 
importance, since it is lower than the indicated distribution rate constant 
(K1) of 0.4-5.4 h-1 (mean 2.1) and thus makes it relatively easy for the 
distribution process to cope with the invasion of drug. Pronounced peak 
levels are consequently not observed. The fluctuation as expressed by the 
ratio between maximal and minimal levels is likewise limited as summarized 
in table 2. 

With a t.i.d. regimen and an absorption rate constant of 0.35 h-1 the 
predicted max/min ratio under steady state conditions is seen to be in the 
1.04-1.28 range with a mean of 1.14. It is only slightly higher (mean 1.17) 
with the 0.5 h-1 absorption constant. 

Fluctuation inevitably gets more pronounced when the dose interval is 
prolonged. Once-daily administration thus predictably gives rise to the 
slightly higher max/min ratios of about 1.7 (range 1.21-2.45), 1.8 (range 
1.25-2.94) and 2.0 (range 1.27-3.34) with absorption rate constants of 
0.35,0.50 and 0.65, respectively (table 2). 

The simulated curves indicate fluctuation to be twice as pronounced in 
subject B as in subject 10 under a once-a-day regime. This variability is well 
explained by differences in elimination half-life, as illustrated in figure 3. 
Pronounced correlation is seen between higher ratios and shorter half-lives. 
linear correlation coefficients of -0.84 and -0.80 for absorption rates 
governed by 0.35 and 0.50 constants were calculated. The data are sugges­
tive of a curved relationship, however. 

The data of the 12 subjects, which were used for the present simulations, 
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Table 2 Predicted fluctuation of nortriptyline steady state concentrations upon 
administration t.i.d. or once daily 

Subject 

1 
2 
3 
4 
5 
7 
8 
9 

10 
A 
B 
C 

Mean 
S.D. 

Z2 
~ ...... 
>< « 
~ 

t.i.d. based 
on absorption rate 
constants (h-') of 
0.35 0.50 

1.18 1.25 
1.18 1.24 
1.12 1.16 
1.12 1.16 
1.14 1.19 
1.13 1.17 
1.09 1.11 
1.14 1.19 
1.04 1.05 
1.10 1.14 
1.28 1.39 
1.10 1.14 

1.14 1.17 
0.06 0.07 

ka = 0.35 

• 

~. 
2 

o • 

Max/min ratio 

Once daily based 
on absorption rate 
constants (h-') of 

0.35 0.50 0.65 

1.93 2.17 2.38 
2.03 2.25 2.45 
1.60 1.74 1.84 
1.57 1.71 1.80 
1.90 2.06 2.17 
1.64 1.80 1.91 
1.50 1.59 1.65 
1.56 1.73 1.87 
1.21 1.25 1.27 
1.41 1.52 1.63 
2.45 2.94 3.34 
1.54 1.65 1.73 

1.70 1.84 2.00 
0.33 0.44 0.53 

• ka· 0.50 

, . 
10 20 30 40 50 60 10 20 30 40 50 60 

HALF- LI FE (HOURS) 
Figure 3 Relationship between predicted steady state max/min concentration ratio 
at once-daily administration and half-life in 12 individuals. 

cover a threefold range of half-lives. It seems reasonable to assume, 
therefore, that the predicted range of fluctuation of 1.2-2.5 for the most 
likely absorption rate would be applicable to the majority of patients. 

The plasma concentration patterns predicted to be attained under steady 
state conditions at administration once or three times daily are illustrated in 
figure 4. A comparison with the steady state data recorded during an 8 h 
dose interval by Alexanderson (1972b) in one subject and by Kragh­
S0rensen et al. (1974) in five, reveals that the predicted flat curve corres­
ponds well to reality. 
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Figure 4 Predicted steady state plasma levels in 12 individuals given the same daily 
dose t.i.d. (left) or once daily (right). The dotted lines with numbers denote mean 
concentration and identification of subject. 

The difference between the t.i.d. and once-daily curves is seen to be 
limited (figure 4). In spite of more pronounced fluctuation - a mean 
max/min ratio of 1.70 as compared to 1.14 - the once-a-day curve patterns 
still appear rather flat. The mean concentration is - self -evidently - the same 
regardless of dose regimen. It is attained between 12 and 13 h after a daily 
dose (absorption rate constant 0.35 h-1) and is indicated on figure 4 for the 
12 individuals. 

The similarities thus established between predicted and experimental 
plasma levels after a single dose as well as under steady state conditions 
strongly favor the applicability of the two-compartment model as an approx­
imation of NT kinetics. Consequently, there seems to be little if any reason 
to doubt the limited fluctuation predicted for once-daily administration. 

Concentration pattern in 'tissue' -compartment 

The discussion above has been restricted to plasma concentrations - the only 
feasible sampling point. The concentration pattern for the peripheral, 
'tissue', compartment is easily obtained by data simulation, however, and 
might be worth a moment's consideration. 

As illustrated by table 3, maximal drug levels are attained later in the 
peripheral than in the central compartment - as one would expect. At steady 
state conditions with once-daily administration, maximal 'tissue' levels are 
reached after about 6 h as compared to about 3 h in the plasma compart­
ment. (The latter figure is different from that related to a single dose, as is 
inherent in the mathematics.) The concentration pattern of the 'tissues' is 
thus even flatter than that of plasma, as also indicated by the somewhat 
lower max/min ratios (table 3), which range from 1.2-2.0 with a mean of 1.5 
in tissues and 1.2-2.5, mean 1.7, in plasma. 

Since it is not known which of the two compartments is of greatest 
significance for the clinical effect, it appears relevant to know that the 
non-observable compartment is also the more constant one. 
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Table 3 Predicted steady state conditions at once-a-day administration of nortrip-
tyline (absorption rate constant=0.35 h-') 

~ax Max/min ratio 
Subject 

Central Peripheral Central Peripheral 
compartment compartment compartment compartment 

1 2 6 1.9 1.7 
2 3< 6 2.0 1.8 
3 3 6 1.6 1.5 
4 3 6 1.6 1.5 
5 4 6 1.9 1.8 
7 3 6 1.6 1.5 
8 5 6 1.5 1.4 
9 1 6 1.6 1.4 

10 5 7 1.2 1.2 
A 2 6 1.4 1.3 
B 2 6 2.5 2.1 
C 2 4 1.5 1.5 

Mean 1.7 1.5 
S.D. 0.3 0.3 
Range 1.2-2.5 1.2-2.0 

PLASMA LEVELS AND CUNICAL OBSERVATIONS IN 
PATIENTS TREATED BY A ONCE-DAILY 
NORTRIPTYUNE DOSE 

Having accepted the roughly twofold fluctuation of plasma levels as being 
within reasonable limits, the crucial question arises as to whether the 
prediction can be confirmed by experimental data, that is by measurements 
of maximal and minimal levels in patients given a daily dose. Such data have 
been collected in a recent study at the Risskov psychiatric hospital (Pedersen 
and Lund S0rensen, 1980). In contrast to a few earlier studies in which the 
daily dose was given at night (Ziegler et aI., 1976, 1977; Maguire et al., 
1976), the 21 endogenously depressed patients of the Risskov study re­
ceived a daily morning dose, since it was considered essential to obtain full 
information on any effects that might appear in relation to peak concentra­
tions. 

Plasma levels 

Blood samples for indication of the fluctuation of drug levels were obtained 
during the third week of dosage 5t and 23t h after the morning dose. The 
latter time should give a rather accurate estimate of the minimal drug level; 
the former a reasonable estimate of the maximum. The finding from the 
present predictions that several subjects may attain peak values somewhat 
earlier suggest that the 5t h value may provide an underestimate. On the 
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other hand, the flatness of the curve makes the actual choice of time less 
critical. 

The max/min ratio calculated from these two points in 21 patients was in 
the 1.10-2.16 range with a mean value of 1.54 (Fredricson Over0, 1980). 
The indicated fluctuation is thus well compatible with the predicted range of 
1.21-2.45 with a mean of 1. 70 (table 2) for once-daily administration with 
the most probable absorption rate constant. 

Further blood samples were taken 29 and 48 h after administration of 
drug - a placebo dose was given one day and NT dosage was then resumed. 
In the four plasma samples, monoexponentially declining NT levels were 
recorded in the majority of subjects, thus enabling rather accurate estima­
tion of the biological half-life. In the remaining patients the data were 
somewhat more scattered, but without particular tendencies - half-life 
estimation was therefore based upon all data points even in these cases. The 
half-lives were found to vary from 24 to 86 h (Fredricson Over0, 1980), as 
further illustrated in figure 5, where the estimated half-lives are plotted 
against the estimated max/min ratios. In spite of some scattering, a tendency 
toward lower ratios at longer half-lives is observed. Included in the figure 
are the linear regression lines from the predicted relationship illustrated in 
figure 3. Several data are seen to gather themselves close to these lines, while 
others are rather distant. Considering the errors involved in drug assay, as 
well as half-life estimation, this is perhaps not surprising. However, lower 
than expected ratios could be explained by underestimation of the maximum 
level - higher ratios might be taken as an indication of more complex 
absorption processes. 

On the whole, however, predicted and experimental data agree fairly well 
and it appears justifiable to conclude that this kind of prediction is sensible 
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Figure 5 Relationship between estimated half-life and observed max/min concent­
ration ratio in 21 patients, treated with 150 mg NT once daily. The lines are the linear 
regression lines of figure 3. 
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and that the fluctuation in NT plasma levels remains limited even at 
once-daily administration. 

It might be added that the compatibility of predicted and observed data 
indicates that the rapidly disintegrating tablet used in patient studies is 
absorbed like the drug solution of volunteer studies and predictions. 

Therapeutic effect 

The therapeutic effect of NT, given as a daily 150 mg morning dose, was 
concluded to be quite as favorable as when given by the traditional t.i.d. 
scheme (Pedersen and Lund S0rensen, 1980). In 19 out of 21 patients 
steady state plasma levels were recorded to be within the 45-150 ng ml- 1 

range (minimum in dose interval) and 18 of these displayed a good 
therapeutic effect, as did one of the two patients with higher levels 
(250 ng ml-1). The data are thus generally supportive of the proposed 
optimal concentration range hypothesis. 

SideeHects 

Side effects were recorded to be very moderate and not more pronounced 
with the once-daily regimen than with t.i.d. administration (Pedersen and 
Lund S0rensen, 1980). Sedation was not observed - interestingly enough, 
since sedation has been brought forward as an argument for bedtime 
administration (Ziegler etal., 1976; Maguire etal., 1976). ECG recordings 
were made before NT administration and after 2 weeks' treatment, just 
before dosage as well as 5th later. No serious cardiac influence was 
reported (Lanng Nielsen, 1980) and the increased pulse rate corresponded 
to what is observed in patients receiving the traditional t.i.d. dose. 

CONCLUSION 

The predictions based upon existing kinetic information and the data 
obtained from patients given a once-daily dose regimen are thus in complete 
agreement as regards the similarity of plasma levels at once-daily and t.i.d. 
administration. Furthermore no clinical differences have been observed. 
There seems to be every reason, therefore, to prefer the more practical 
once-a-day dose regimen for NT. 

It should be realized that this line of argument is not necessarily true for 
TCA in general. Thus a tertiary amine like amitriptyline is more rapidly 
absorbed (as one would anticipate because of the higher lipophilicity and 
lower pK,,). Transient accumulation in the plasma compartment and more 
pronounced fluctuation is thus to be expected and has also been indicated 
experimentally (J0rgensen, 1977). Whether this degree of fluctuation is 
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acceptable or not is a question still open for discussion. For the secondary 
amine drug NT, however, there seems to be little reason to doubt the 
acceptability of the fluctuation - even at once-daily administration. 
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INTRODUCTION 

The evaluation and treatment of depression in patients with chronic renal 
failure (CRF) sometimes presents a difficult clinical problem. Although the 
appearance of symptoms of depression in such patients is a common 
occurrence, there is disagreement over the actual incidence of formal 
primary depressive illness. However, many studies have reported a high 
incidence of depression and suicide in patients on hospital dialysis treatment 
(Shea et al., 1965; Retan and Lewis, 1966; Reichsman and Levy, 1972; 
Cadnapaphornchai et al., 1974). Patients with CRF who are psychiatrically 
ill have a diminished chance of survival (Farmer et al., 1979); thus the need 
for effective treatment is particularly pressing. 

In those cases where psychotropic medication is indicated, the choice of 
drug is limited by complications associated with their side effects and by the 
wish to avoid further dietary restrictions. Use of tricyclic antidepressants 
(TCA) has been advocated in some cases (Caramand et al., 1968; Levy, 
1976) but the response to treatment has not been investigated systematically 
(Czaczkes and de Nour, 1978). Our own clinical impression, like that of 
others (Buchanan et al., 1977), is that the response to treatment is often 
disappointing. Possible reasons for this include the nature of the depressive 
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tPresent address: Department of Nephrology, Christchurch Hospital, Christ­
church, New Zealand. 
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illness and diagnostic considerations, the effect on mood of the metabolic 
disturbances associated with renal failure, impaired drug elimination or 
plasma protein binding, and the interaction between antidepressants and 
other prescribed medication. 

Deterioration in renal function can result in the accumulation of drugs and 
their metabolites that are normally excreted by glomerular filtration. Quan­
titative, and possible qualitative, changes in serum proteins may alter the 
protein binding of drugs. Uremia may also influence hepatic function with 
resultant effects on drug metabolism. All these changes in drug handling 
may necessitate dosage modifications if optimal drug plasma levels and 
avoidance of toxic side effects are to be achieved. Dialysis treatment can 
further complicate dosage regimens by clearing significant amounts of 
drug and metabolites. 

For these reasons, therefore, we embarked on a series of studies designed 
to investigate the pharmacokinetics and plasma protein binding of TCA in 
patients with CRF and the relevance to the treatment and outcome of 
depressive illness (Rosser et al., 1979). The results of some of these 
investigations are described in this presentation. 

EXPERIMENTAL METHODS 

Plasma protein binding studies with maprotiline 

Patients IIBd vohmteers 

The serum protein binding of maprotiline was investigated in a group of 22 
patients (15 male and seven female) on chronic hemodialysis. They under­
went dialysis for 10 h, twice weekly, on a Meltec Multipoint artificial kidney 
(1.0 m2). Ten milliliters of clotted blood samples were obtained from each 
patient immediately before dialysis to provide 3-4 ml of serum. The serum 
samples w~re stored in glass tubes at 4 °C for between 2 and 4 days prior to 
determination of protein binding. A group of 14 healthy volunteers (seven 
male and seven female) were used as control subjects for the study. Ten 
mililiters of clotted blood samples were obtained from each subject and 
treated in the same way as the patient samples. 

DetermiBation of serum proteiBs 

Serum concentrations of albumin and <Xl-acid glycoprotein (AAG) were 
measured using a radial immunodiffusion technique (M-Partigen, 
Boehring-Hoechst, UK). Each sample was measured in duplicate against 
control serum samples of known protein concentration. 
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Determination of msprotiline binding 

Maprotiline binding studies were carried out using 14C-Iabeled drug 
(S.A.=4.5 ~Ci mg-1) obtained from Ciba-Geigy, Basle, Switzerland, at a 
concentration of 600 ng ml-1 serum. The measurement of serum protein 
binding of maprotiline was carried out using equilibrium dialysis at 37°C 
according to the original technique described by Emebo et al. (1971). Serum 
(0.5 ml) was equilibrated with 0.5 ml of pH 7.4 phosphate buffer containing 
labeled drug for 17 h. Following equilibration, 250 ~l aliquots of the protein 
and dialysate solution were mixed with 10 ml of scintillation fluid (NE 260, 
Nuclear Enterprises, Edinburgh, Scotland) and radioactivity determined by 
liquid scintillation counting. Quench corrections were made using an inter­
nal standardization method. Serum drug binding was expressed as the 
percentage of unbound drug calculated from the ratio of the activity found in 
buffer and serum samples. Each binding measurement was carried out in 
duplicate. 

Phannacokinetic studies with nortriptyline 

Patients 

Twenty patients with chronic renal failure consented to participate in the 
study, for which approval was obtained from the Charing Cross Hospital 
Ethical Committee. The patients formed two groups: 12 who were being 
managed conservatively, and eight who were training for home dialysis and 
dialyzed for 10 h twice weekly on Meltex Multipoint (1.0 m2) artificial 
kidneys. 

Drug dosage IIIJd ssmpJing schedule 

A single oral dose of 75 mg nortriptyline (NT) was administered to each 
group of patients according to the following protocol: 

(1) Patients not being dialyzed. The dose of NT was administered at 09.00 
on the first day of study. Heparinized venous blood samples (10 ml) were 
collected beforehand, and at 24, 30,48, 54 and 72 h afterwards. 

(2) Patients on dialysis. These patients received a single dose of NT at 
09.00 on the day after dialysis. The blood sampling regime was followed as 
detailed above, the last sample being drawn prior to the next dialysis. 

Measurement of plasma nortriptyline concentrations 

The plasma was separated and stored at - 20 °C until analysis. Plasma NT 
concentrations were determined by a specific gas-liquid chromatographic 
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(GLC) procedure with nitrogen-selective detection (Dawling and Braith­
waite, 1978; Braithwaite, 1979). 

Pharmacokinetic analysis 

From these measurements a log plasma NT concentration versus time 
profile was constructed for each patient, and a linear least-squares regres­
sion analysis fitted to the terminal elimination phase (~-phase). From this 
line, plasma NT half-life (t1/2) and total hepatic intrinsic clearance (CO were 
calculated using the formulae 

t1/2=0.693/f3 (h), 

C~=D/(AUC)tJ (1 h- I ) 

(Wilkinson and Shand, 1975), where, assuming complete absorption and 
essentially hepatic metabolism, f3 is the gradient of the ~-elimination phase, 
D is the dose administered, and (A UC)fj is the area under the extrapolated 
f3-slope, which has been shown to be a reliable approximation for the total 
area under the plasma concentration-time curve (Alexanderson, 1972). 

Investigation of hydroxylated metabolites of nortriptyline 

Patients 

(1) Thirteen of the patients (four male, nine female) who formed part of 
the previous pharmacokinetic study of NT were investigated in more detail 
by measurement of conjugated and unconjugated plasma lO-OH-NT con­
centrations at 24, 48 and 72 h following administration of the single oral 
dose of NT. The age of the patients ranged between 18 and 73 years (mean 
age 53 years; S.D. 16 years). 

The results obtained in this group of patients were compared with those 
obtained in a group of eight normal healthy volunteers (four male, four 
female) aged between 20 and 37 years (mean age 24 years) who were given a 
single oral dose of 75 mg NT. 

(2) A further four patients on chronic hemodialysis who were receiving 
treatment with NT for depression were each investigated over a 1-2 month 
period. NT was prescribed as a single night-time dose of 50-75 mg. The 
patients were dialyzed for 10 h twice weekly on a Meltec Multipoint (1.0 m2) 

artificial kidney, and on each occasion 10 ml plasma samples were taken 
pre- and post-dialysis for measurement of NT and conjugated and unconju­
gated lO-OH-NT. 

Measurement 01 conjugated and unconjugated lO-hydroxynortriptyJine 

Conjugated and unconjugated 1 O-OH -NT were measured using a modifica­
tion of the method used for the determination of NT (Dawling and Braith-
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waite, 1978; Braithwaite, 1979). Both compounds were separated by 
differential extraction and converted to 10, 11-dehydronortriptyline by acid 
hydrolysis at 90°C prior to GLC (Dawling et al., 1980). 

RESULTS 

The age (mean and S.D.) of the patients and volunteers and results obtained 
for serum protein concentrations and percentage unbound maprotiline are 
shown in table 1. No significant difference in binding between the tWD 

groups was found (Mann-Whitney Utest, U=110, p>0.05) although the 
uremic patients displayed a significantly (F=6.8, p<O.Ol) larger interin­
dividual variation in binding. There was no significant correlation 
(r=+0.16) between serum AAG concentrations and the unbound fraction 
of maprotiline, but a significant negative correlation (r=0.50, p<0.05) was 
found with serum albumin concentrations. The serum concentrations of 
AAG found in the uremic patients were slightly, but significantly, higher 
(p<O.Ol) than those obtained in volunteer subjects. 

The results obtained in the single dose pharmacokinetic study of NT are 
shown in table 2. The patients were 10 male and 10 female, with a mean age 
of 49 years (range 18-73 years). the median NT half-life was 25.2 h (range 
14.5 -140.0 h) and the median NT clearance was 32.31 h- I (range 
8.1-122.01 h- I ). Plasma NT half-life and clearance in the dialyzed and 
non-dialyzed patients did not differ (U=47 for t l /2 ; U=29 for clearance). 
The relationship between age and plasma NT half-life or clearance showed 
no significant linear correlation (r=0.27 for tl /2; r=0.38 for clearance). 
There was no significant correlation between plasma NT clearance and 
glomerular filtration rate eICr-EDT A clearance) in the 12 patients not 
being treated with hemodialysis. 

Plasma NT half-life and clearance in these patients were compared with 
those in two groups of healthy subjects, the details of which are shown in 
table 2. The elder group of volunteers were taken from the work of 
Alexanderson (1973). The clearance values reported by Alexanderson were 
calculated from the dose taken as hydrochloride salt and (A UC)f3 as free 
base, so they were corrected by multiplying by 0.878. Because of the narrow 
age span (47-53 years) and homogeneity of the subjects (five pairs of 
monozygotic and six pairs of dizygotic twins), the patients were also com­
pared to a group of 30 younger, non-related volunteers studied in this 
laboratory. No significant differences could be detected in NT kinetics 
between Alexanderson's volunteers and this group of patients. The patients 
with CRF also had similar NT half -lives to the younger volunteer group, but 
their NT clearances differed significantly when examined with the Mann­
Whitney U-test (U= 179, Z= - 2.4, p<O.02). 

The mean plasma concentrations (±S.E.M.) of NT, conjugated 1 O-OH -NT 
and unconjugated lO-OH-NT 24, 48 and 72 h after a single 75 mg dose of 
NT in 13 CRF patients compared with eight healthy volunteers are shown in 
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figure 1. The ratio of conjugated and unconjugated 1 O-OH -NT to that of NT 
at the various time points in both patients and volunteers is shown in table 3. 
As can be seen, both conjugated and unconjugated 10-0H-NT concentra­
tions appeared to be higher in CRF patients, particularly those of the 
conjugated metabolite. 

Tablt> 4 shows the mean 'steady state' plasma concentrations of NT, and 
conjugated and unconjugated to-OH-NT pre- and post-dialysis in four 
patients receiving antidepressant treatment with NT. The mean pre-dialysis 
ratio of unconjugated and conjugated to-OH-NT to that of NT in the four 
patients was 1.4 and 41.3 respectively. 

1000 

500 I 

'" "-
... 
w 
> 

100 ~ 

" ~ 
50 en 
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'" ... 
Do 

VOLUNTEERS 

+-------r_----~------_r----,n------~,r-----~,-------,r---
24 48 72 24 48 72 

HOURS 

Figure 1 Mean (±S.E.M.) plasma concentrations of NT (_),conjugated 10-0H-NT 
«&) and unconjugated to-OH-NT (e) in CRF patients and volunteers 24, 48 and 
72 h after a single oral dose of NT. 

DISCUSSION 

The finding of an average unbound fraction of maprotiline of 10.5 percent in 
the sera of normal subjects agrees with the results of Reiss et al. (1975) who 
reported a bound fraction of 91 percent in healthy subjects when using 
similar techniques and conditions. The binding characteristics of this drug in 
the dialysis patients were similar to those in the control group. Reidenberg et 
al. (1971), in their study of desmethylimipramine binding in uremic sub­
jects, were also unable to demonstrate a difference in binding compared to 
healthy volunteers. However, in this study, the dialysis patients displayed 
significantly (P<O.Ol) greater interindividual differences in the unbound 
maprotiline fraction (6.1-16.5 percent) than did the normal subjects 



T
ab

le
 3

 
R

at
io

 o
f c

o
n

ju
g

at
ed

 (
1

0
-0

H
-N

T
 -c

on
j)

 a
n

d
 u

nc
on

ju
ga

te
d 

(1
0

-0
H

-N
T

) 
10

-h
yd

ro
xy

no
rt

ri
pt

yl
in

e 
to

 th
at

 o
f n

or
tr

ip
ty

li
ne

 (
N

T
) 

in
 

C
R

F
 p

at
ie

nt
s 

an
d

 h
ea

lt
h

y
 v

ol
un

te
er

s 

2
4

h
 

4
8

h
 

7
2

h
 

G
ro

u
p

 
lO

-O
H

-N
T

 
lO

-O
H

-N
T

-c
on

j 
lO

-O
H

-N
T

 
lO

-O
H

-N
T

-c
on

j 
lO

-O
H

-N
T

 
lO

-O
H

-N
T

 -c
on

j 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 

C
R

F
 p

at
ie

nt
s 

(N
=

 1
3)

 
1.

4 
3.

0 
1.

3 
2.

9 
1.

4 
2.

4 
H

ea
lt

h
y

 v
ol

un
te

er
s 

1.
9 

16
.3

 
2.

9 
37

.7
 

3.
9 

74
.9

 
(N

=
8

) 

T
ab

le
 4

 
M

ea
n

 (
±

S
.E

.M
.)

 s
te

ad
y 

st
at

e 
pl

as
m

a 
dr

ug
 c

on
ce

nt
ra

ti
on

s 
(i

n 
m

ic
ro

gr
am

s 
p

er
 li

te
r)

 d
ur

in
g 

no
rt

ri
pt

yl
in

e 
tr

ea
tm

en
t 

P
at

ie
nt

 

1 
2 

3 
4 

60
/M

 
4

5
/F

 
6

3
/F

 
60

/M
 

N
T

 P
re

-d
ia

ly
si

s 
14

5 
(9

) 
97

 
(5

) 
19

2 
(2

3)
 

15
1 

(4
) 

P
o

st
 -d

ia
ly

si
s 

16
4 

(8
) 

4
9

 
(2

) 
16

3 
(2

6)
 

10
5 

(1
1

) 
lO

-O
H

-N
T

, f
re

e 
P

re
-d

ia
ly

si
s 

11
7 

(1
0)

 
23

5 
(8

) 
2

4
9

 
(2

0)
 

13
6 

(5
) 

P
o

st
 -d

ia
ly

si
s 

13
0 

(9
) 

14
1 

(6
) 

2
4

9
 

(2
8)

 
11

2 
(6

) 
1

0
-O

H
-N

T
, c

o
n

ju
g

at
ed

 
P

re
-d

ia
ly

si
s 

56
07

 (
51

6)
 

54
07

 (
1

3
2

6
) 

5
7

6
0

 (
28

8)
 

6
1

3
0

 (
2

8
1

) 
P

os
t-

di
al

ys
is

 
23

56
 (

23
8)

 
26

51
 

(2
91

) 
27

42
 (

11
2)

 
20

96
 (

10
4)

 

tv
 

\0
 

tv
 

Q
 

S·
 £. - ~ ~ g S'
 

~
 S· ~
 9- t;.
 

~
 



TeA and Renal Failure 293 

(9.1-12.4 percent). In an attempt to explain the increased interindividual 
differences in protein binding of maprotiline, the relationship of the serum 
concentrations of albumin and AAG to the degree of binding was examined. 
A number of basic drugs, including imipramine (IMI), have been shown to 
have a strong affinity for AAG (Piafsky and Borgi\, 1977; Piafsky et al., 
1978). This protein is an 'acute phase' reactant (Schmid, 1975) and may be 
elevated in a number of disease states with a resultant enhanced binding 
capacity for certain basic drugs. The results of the present study failed to 
show any correlation between the concentrations of AAG and the binding of 
maprotiline, which is in agreement with a previous investigation in geriatric 
patients where much higher AAG concentrations were observed (Braith­
waite et al., 1978). In fact, there was a weak, but significant, negative 
correlation between maprotiline binding and serum albumin concentra­
tions. This indicates that albumin may be more important for determining 
the binding of maprotiline than AAG. 

The finding of extreme interindividual variability in both NT half-life and 
clearance in the pharmacokinetic study is similar to observations made by 
other workers in physically healthy subjects (Alexanderson, 1972, 1973; 
Gram and Fredricson Over0, 1975). The 20 patients with CRF showed a 
10-fold variation in NT half-life (14.5-140 h), while plasma clearance 
varied 15-fold (8.1-1221 h- I ). The use of additional medication and the 
coexistence of other disease states in these patients may have enhanced the 
naturally occurring variability. However, there was no significant difference 
in NT pharmacokinetics between the patients treated with hemodialysis and 
those who were being managed conservatively. To estimate the effect which 
chronic renal failure may have on NT kinetics, the NT half -life and clearance 
values obtained in this study were compared with previously published data 
where these had been calculated similarly. No differences were detected in 
the comparison in the similarly aged volunteers, although a significant 
difference in NT clearance was observed between these patients and the 
group of younger volunteers (table 2; U= 179, p<0.02). This study demon­
strated no predictable alteration in NT kinetics in CRF as measured by the 
drug's half-life and total plasma clearance. 

NT is metabolized by hepatic microsomal demethylation and hydroxyla­
tion (von Bahr, 1972). In CRF, hepatic drug oxidation mechanisms are 
usually unaltered (Levy, 1977; Reidenberg, 1977), and this is suggested in 
the present study by the lack of a relationship between NT kinetics and 
glomerular filtration rate. NT is finally excreted in the urine following 
glucuronide conjugation of its hydroxylated metabolite, 10-0H-NT (Alex­
anderson and Borgfi, 1973), and it is possible that these compounds may 
accumulate in renal insufficiency. The hydroxy-metabolites of both NT and 
IMI have recently been shown to be active with respect to synaptosomal 
uptake of neurotransmitter amines, and it is thought likely that their 
presence in significant amounts in plasma influences the therapeutic and 
toxic effects of these drugs (Bertilsson et at., 1979; Potter et at., 1979). The 
present studies have shown that in patients with CRF receiving chronic 
treatment with NT plasma concentrations of free (unconjugated) lO-OH­
NT may not be unusually high despite the presence of abnormally high 
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concentrations of conjugated metabolite. Thus, in the small group of 
patients investigated, the ratio of unconjugated lO-OH-NT to NT concent­
rations would appear to be similar to those found in healthy volunteers in the 
present study (table 3) and those reported by Bertilsson etal. (1979). On the 
other hand, the ratio of pre-dialysis concentrations of conjugated 10-0H­
NT to NT concentrations was much higher than in healthy volunteers and 
similar to those found in other CRF patients following single oral dosage 
(table 3). A comparison of the plasma drug concentrations pre- and post­
dialysis indicated that generally very little NT or free lO-OH-NT was 
removed whereas levels of conjugated 1 O-OH -NT were consistently halved. 
This finding was confirmed by the negligible amounts of NT and unconju­
gated NT relative to that of conjugated 10-0H-NT found in the dialysate 
(Dawling etal., 1980). 

In conclusion CRF does not appear to be associated with any predictable 
alteration in TCA pharmacokinetics apart from an accumulation in conju­
gated hydroxylated metabolites. These studies have, however, indicated the 
possibility of increased variability in drug handling which may make an­
tidepressant drugs more difficult to use in such patients. The potential 
danger of side effects and the difficulty in their evaluation in patients with 
CRF may indicate the need to monitor plasma drug concentrations in certain 
clinical situations. 
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Factors affecting the biphasic 
concentration: effect relationships of 

tricyclic antidepressants 
Sheldon H. Preskom 

(University of Kansas Medical Center, Department of Psychiatry and 
Pharmacology, Kansas City, Kansas 66103, USA) 

Tricyclic antidepressants (TCA) have a perplexing proclivity to antagonize 
their own effects. This proclivity can result in apparently erratic results and 
paradoxical dose: response relationships. Besides being of academic inter­
est, this phenomenon can have important clinical implications. While many 
patients with an affective syndrome respond favorably to TCA, some do not 
and others even worsen. This variability in efficacy is due, in part, to marked 
interindividual differences in steady state concentrations achieved on a 
given dose (Alexanderson, 1973) and the fact that these drugs exert 
different actions at different concentrations. 

TCA are not unusual in this respect. Many psychotropic agents are 
pharmacologically complex and have varying effects depending upon their 
concentration at a target tissue. Conceptualization of drug effects thus is 
better understood from the vantage of concentration: response relation­
ships rather than dose: response relationships. This shift has occurred as a 
result of improvement in analytical techniques, permitting accurate deter­
mination of drug concentrations in both body fluids and tissues. Although 
this article will center on the pharmacology of TCA, especially in regard to 
their cardiac actions, the discussion will develop a basic premise - better 
understanding and prediction of drug effects through quantification of drug 
concentrations in the body. 

Although TCA are most commonly considered to be catecholaminergic 
agonists, they have several other effects (table 1). TCA act as 

Table 1 Pharmacological effects of TeA 

I. Neurotransmitter re-uptake blockade: catecholamines, serotonin 
II. Bind to muscarinic cholinergic receptors: atropine-like effects 

III. Direct membrane activity: (a) membrane stabilization; (b) inhibition of 
Na+: K+ ATPase activity; (c) local anesthesia 
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catecholaminergic agonists by blocking the re-uptake of biogenic amines 
into the presynaptic neurons from which these neurotransmitters are liber­
ated in response to a depolarizing stimulus (Alpers and Himwich, 1969). By 
blocking the re-uptake mechanism, TCA increase the amount and duration 
of neurotransmitter exposure at the postsynaptic receptors. They are indi­
rect acting agents since the presynaptic neuron must fire before the TCA can 
exert their agonistic effect of blocking re-uptake. Although best known for 
these effects, TCA also have potent anticholinergic (Snyder and Yamamura, 
1977) and direct membrane stabilizing properties (Elonen, 1974; Elonen et 
al., 1974). With regard to the latter, TCA exceed both cocaine and 
mepivacaine in terms of potency as local anesthetics. 

There are three major phenomena where one or more TCA have been 
shown to have biphasic effects: (1) antidepressant action of nortriptyline 
(NT), (2) alteration in cerebral microcirculation induced by amitriptyline 
(AMI) and (3) cardiac effects of all TCA. In these biphasic phenomena, the 
drug exerts an initial effect at low concentrations but then blocks it as the 
dose or concentration increases. Such a concentration: response relation­
ship suggests that different mechanisms are responsible for the various 
phases and that these mechanisms predominate at different tissue concen­
trations. Each of the three examples will be briefly reviewed. The apparent 
mechanisms underlying the cardiac effects will then be discussed as a model 
for explaining complex concentration: response relationships. 

Several investigators have reported an inverted V-shaped relationship 
when the antidepressant action of NT is plotted against its steady state 
plasma concentration. This relationship means that there is: (1) a minimal 
concentration theshold (50 ng ml- I ) below which NT does not exert an­
tidepressant actions, and (2) a maximum concentration (150 ng ml- I ) above 
which NT apparently blocks its own antidepressant effectiveness (Asberg, 
1974). This critical range (approximately 50-150 ng ml- I ), wherein NT 
ameliorates affective symptoms, has been termed NT's 'therapeutic 
window'. 

Such a range has not been as clearly defined for any other TCA. However, 
this finding is of clinical importance because of the large interindividual 
variability in elimination rates for these drugs. This variability can cause up 
to 30-40-fold differences in steady state drug concentrations between 
patients receiving the same dose of a TCA (Hullin, 1977). Without measur­
ing drug concentration, a clinician has no reliable means of knowing whether 
a patient is above or below such a range. Given this inverted V-shaped 
relationship, he can not simply assume that an inadequate response means 
that the dose administered is too small. Poor response may be due to 
excessive drug concentrations as well as to insufficient concentrations. If this 
erroneous assumption is made, the dose may be increased until toxic side 
effects occur. Conversely, the clinician may decide the patient has a syn­
drome which is not responsive to this form of therapy (figure 1). 

All TCA have potent effects on cerebral fluid dynamics (Preskorn and 
Hartman, 1979; Preskorn et al., 1980c). They increase the movement of 
diffusion-limited substances from the vascular compartment into the brain 
by increasing the permeability of the blood: brain barrier and by altering 
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Figure 1 The curvilinear relationship between TeA concentration and effect. An 
inverted V-shaped curve results: (a) when the antidepressant effect of nortriptyline 
is plotted against its plasma concentration (Asberg, 1974) and (b) when the 
cerebrovascular effects of amitriptyline is plotted against its brain concentration 
(Preskorn et aI., 1980c). 

cerebral blood flow. AMI has been the most extensively studied TeA with 
regard to this effect on the cerebral microcirculation. As with the antidep­
ressant effect of NT, there initially appears to be a paradoxical 
dose: response relationship for AMI's vascular effects. As the dose adminis­
tered is increased, the response occurs earlier but is also shorter lived 
(Preskorn and Hartman, 1979). 

This apparent paradox has been clarified by plotting effect against brain 
concentration of AMI rather than against dose administered. Such a plot 
reveals another inverted V-shaped relationship, demonstrating that the 
drug-induced alteration in cerebral fluid dynamics occurs within a critical 
concentration range (Preskorn et al., 1980c). Thus, a minimum concentra­
tion is required before AMI exerts this effect. Moreover, above a critical 
concentration AMI aborts its own vascular action (figure 1). 

AMI is demethylated in vivo to form NT (Preskorn et ai., 1980e). A 
subject treated with amitriptyline is thus exposed to both agents. Although 
AMI probably does not require conversion to NT to be active (Preskorn and 
Hartman, 1979), it is noteworthy that the same type of curvilinear relation­
ship holds when the magnitude of blood: brain barrier alteration is plotted 
against brain concentrations of NT in subjects treated with AMI (Preskorn 
et al., 1980c). A similar concentration: effect relationship thus is found for 
this cerebrovascular action of AMI and NT as for the antidepressant action 
of NT (figure 1). 

Before pursuing this last point, TeA exhibit another curvilinear 
concentration: effect relationship for which the underlying mechanisms are 
reasonably well established. TeA are potent cardioactive drugs. Although 
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most physicians are aware of the serious cardiotoxicity that can occur in 
overdose patients (Jefferson, 1975), many do not realize that these drugs 
exert positive cardiac effects at lower concentrations (figure 2). Unlike the 
earlier examples of NT and AMI, the biphasic relationship between drug 
concentration and cardiac effects has been documented with all TCA. The 
discussion will now focus on this phenomenon as a model of the complex 
actions of these drugs and the usefulness of quantitating drug levels to 
predict drug effect. 
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Figure 2 The curvilinear relationship between i.v. dose of desipramine and its in 
vivo cardiac effects (Laddu and Somani, 1969). The increase in myocardial contrac­
tility is adrenergically mediated while the later impairment of myocardiality contrac­
tility is due to the membrane stabilizing properties of the drug. 

The positive chronotropic and inotropic phase caused by low dose TCA is 
not only concentration-dependent but also is adrenergically mediated. 
Desipramine (DMI) (10-9-1O-7 M) potentiates the positive chronotropic 
response to norepinephrine (NE) in isolated rat atria (Babulova et al., 
1973). Similarly, perfusion of a cat heart preparation with imipramine (lMI) 
(10-6 M) enhances and markedly prolongs the positive inotropic effect of 
NE (Sigg et al., 1963). In other studies, the tachycardia induced by the 
addition of protriptyline or DMI (10-7 _10-6 M) to a rat atria preparation is 
inhibited by propranolol or atrial adrenergic denervation by 6-
hydroxydopamine (6-0H-DA) pretreatment (Babulova etal., 1973; Fran­
co et al., 1976). Guinea-pig atria exposed to similar concentrations of DMI 
show a rate increase that can be completely suppressed by reserpine 
pretreatment (Brunner et al., 1971). The positive cardiac effects of low 
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concentrations of TeA then are prevented by propranolol, suppressed by 
reserpine pretreatment, and potentiated by NE. All this evidence supports 
an adrenergic mechanism underlying the positive phase of this phenomenon 
(figure 3). 
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Figure 3 The curvilinear relationship between TCA concentration in the perfusate 
and the chronotropic effects on isolated heart preparations. This graph is a composite 
of results from several studies (Babulova et ai., 1973; Brunner et ai., 1971; Elonen et 
ai., 1974; Franco et ai., 1976; Langslet et at., 1971). At low concentrations 
(10-9 _10-7 M), TCA potentiate the positive chronotropic (t heart rate) effects of 
NE (phase A). This phase can be blocked by pretreatment with reserpine, 6-0H­
DA, and adrenergic antagonists. At high concentrations (>10-5 M), TCA impair 
tissue excitability and thus cause a decrease in the spontaneous rate (phase C). This 
phase is unaffected by adrenergic agonists or antagonists. Phase C occurs at concen­
trations where TCA exert local anesthetic actions. Furthermore, the TCA produce 
the same effect as lidocaine at similar concentrations and when given together the 
effects of TCA and lidocaine are additive. Phase B represents a transition phase 
between the specific neurohormonally mediated effects of TCA and their direct 
membrane effects. 
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These effects seen at low doses of TCA are overcome at high doses by 
cardiotoxic effects. In in vitro experiments, the TCA tissue concentration has 
been demonstrated to be a direct function of the concentration of TCA in 
the fluid bathing the tissue and the length of exposure (Babulova et aI., 
1973). The myocardial tissue uptake of TCA is not saturated in such a bath 
even after several hours of incubation. Binding first appears to occur at 
specific sites on the myocardial cell membrane. With continued exposure, 
non-specific binding predominates. 

Cardiotoxic effects therefore can be produced by either increasing the 
length of incubation or by increasing the drug concentration (figure 3). A 
shift from NE potentiation to inhibition occurs in rat atria exposed to a bath 
containing a constant concentration of DM!. In isolated guinea-pig atria, 
concentrations of IMI under 10-6 M have a positive inotropic effect, whereas 
concentrations of 10-5 M diminish myocardial contractile force by one-third. 
Higher concentrations (>10-4 M) cause a 75 percent incidence of atrial 
pump failure and arrest (Brunner et al., 1971). 

These in vitro findings are further supported by in vivo studies. DMI 
1 mg kg-I intravenously (Lv.), produces an increase in heart rate, myocar­
dial contractile force, and blood pressure in vagotomized dogs (Kaumann et 
al., 1965; Laddu and Somani, 1969). These cardiovascular effects are 
completely abolished by the j3-adrenergic blocker, dicholoroisoproterenol, 
and attenuated by guanethedine or reserpine pretreatment. Intravenous 
administration of IMI, AMI, and NT (0.32-1 mg kg-I) to dogs causes an 
increase in heart rate, and myocardial contractility (Baum et al., 1976; Sigg 
et al., 1963). Plasma concentrations ranging from 35 to 100 ng ml- I of DMI 
and from 40 to 120 ng ml- I of protriptyline are associated with positive 
chronotropic effects in rats (Bianchetti et al., 1977). These experimental 
results parallel similar positive chronotropic effects observed in patients 
having plasma levels of TCA within this range (Burgess et al., 1978). Thus, 
these concentration-dependent positive effects occur at plasma levels sub­
stantially below the levels at which serious cardiotoxicity occurs. 

Negative cardiac effects occur when the TCA tissue concentrations -
plasma levels in the clinical situation - exceed the range where the initial 
phase is observed. In dogs, there is a decrease in heart rate and cardiac 
output due to myocardial depression at Lv. doses of IMI greater than 
2 mg kg-I (Sigg et al., 1963). In cats, a 3 mg kg-I Lv. dose of IMI causes an 
80 percent decrease in the amplitude of cardiac contractions, a reduction in 
heart rate by 30-40 beats min-I, and widening of the ORS complex. The 
majority of cats die from this drug-induced cardiac failure (Brunner et al., 
1971). Injection of AMI (2 mg kg-I Lv.) in rats causes a 19 percent decrease 
in heart rate, a 38 percent decrease in blood pressure, a 16 percent increase 
in the duration of the PO interval, and a 31 percent increase in the duration 
of the ORS interval within 5 min after drug administration (Thorstrand et 
al., 1976). 

Direct measurement of the negative inotropic effects of TCA is not 
ethically permissible in man. However, hemodynamic studies in patients on 
TCA have reported drug-induced impairment of myocardial contractility. 
In one study, 18 patients with a history of angina or previous myocardial 
infarction were I!iven Lv. 1M!. At routine doses. TMT administration resnltp.n 
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in an increase in left ventricular end-diastolic pressure (L YEP) reaching a 
maximum 30-45 min after injection (Bianmino et al., 1975). In man, NT 
can also cause an increase in systolic time interval measurements due to 
drug-induced impairment of left ventricular myocardial contractility 
(Taylor and Braithwaite, 1978). 

Based upon animal research, the cardiotoxic effects of TCA are most 
likely the result of direct membrane action of the drugs and not their 
catecholaminergic effects (Bianchetti et at., 1977; Bonaccorsi et at., 1977; 
Elonen, 1974; Elonen et at., 1974). The rank order potency ofthe various 
TCA for NE potentiation in the rabbit heart is: 
protriptyline> NT> AMI>doxepin (Elonen, 1974). In contrast, the rank 
order of potency in terms of inducing cardiotoxicity is: doxepin, 
AMI> NT> protriptyline (Langslet et at., 1971). 

Although not widely recognized for these membrane actions, TCA are 
potent local anesthetics, being approximately three times as potent as 
lidocaine, four times as potent as tetracaine, and seven times as potent as 
mepivacaine. IMI, for example, can inhibit excitability and block impulse 
conduction in desheathed nerve preparations (Guerrero and Molgo, 1974). 
Furthermore, several TCA can equal or surpass the ability of quinidine, 
procainamide, propranolol, or lidocaine to suppress or prevent experimen­
tally induced ventricular arrhythmias (Baum et at., 1976; Fekete and 
Borsky, 1964, Marmo et at., 1972; Schmitt et at., 1970). TCA pretreatment 
increases the resistance of the myocardium to oubain-induced ventricular 
arrhythmias and cardiac arrest (Baum et at., 1971; Wilkerson and Sanders, 
1978). In dogs, AMI is more effective than lidocaine in converting ventricu­
lar arrhythmias - resulting from acute myocardial infarction - to sinus 
rhythm (Wilkerson and Sanders, 1978). These antiarrhythmic effects of IMI 
have also been demonstrated clinically in patients with both atrial and 
ventricular premature depolarization (Bigger et at., 1977; Kantor et ai., 
1978). 

To summarize the cardiac findings, TCA at low tissue concentrations act 
to potentiate the positive effects of NE on myocardial performance. At 
higher tissue concentrations, the drugs bind avidly but non-selectively to 
myocardial cells and diminish myocardial performance by interfering with 
membrane excitability. These two mechanisms underlie the different phases 
of TCA cardiac effects. Thus the NE potentiation predominates at low 
concentrations, but is blocked at higher concentrations due to drug-induced 
membrane stabilization (figure 3). 

Conceivably, similar mechanisms may be responsible for the other 
biphasic concentration: effect relationships seen with TCA. The cardiac 
effects can serve as a useful model since objective quantification and 
elaborate in vitro and in vivo manipulations are possible in this system, thus 
permitting elucidation of various mechanisms. The brain, conversely, is not 
as accessible, nor is quantification as direct nor as accurate. These experi­
mental limitations are even more problematic for studying clinical 
phenomena such as the curvilinear relationship existing between the an­
tidepressant action and plasma concentration of NT. 

However, the cerebrovascular effects of TCA can serve as an experimen­
tal intra-axial model of a similar concentration: effect relationship. This 
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latter model does permit direct quantification in terms of changes in the 
brain uptake of diffusion-limited substances and also permits experimental 
manipulations. While the relationship, if any, between the drug-induced 
blood: brain barrier effect and its clinical usefulness is unknown; several 
observations - both kinetic and dynamic - suggest that it may exert this 
cerebrovascular effect in man. First, all TeA share this action. Further there 
is a strong correlation (r = 0.96) between their sedative effects in man and 
their cerebrovascular potency (Preskorn and Hartman, 1980). Second, 
AMT has been shown to enhance the cerebral extraction of water in two 
widely different mammalian species: rats and monkeys (Preskorn et al., 
1980c,d). Moreover, the effect occurs acutely in both species at plasma 
concentrations seen in patients recelvmg routine antidepressant 
chemotherapy. Third, the drug-induced barrier alteration is potentiated by 
chronic TeA administration designed to mimic clinical treatment. Under 
these conditions, the effect is observable continuously thoughout the dosage 
interval and occurs at steady state concentrations as low as 70 ± 13 ng ml-1, 

well below the upper limits of the therapeutic range for AMI (Preskorn et 
al., 1980a). Taken together, then, these data suggest that AMI could exert 
this effect in man irrespective of whether this cerebrovascular effect contri­
butes to its clinical actions. Based on these considerations, elucidation of the 
pharmacological and neural mechanisms underlying this action of antidep­
ressants may serve as a useful central model in comprehending some of their 
clinical effects. 

The initial phase (figure 1), where AMI increases the diffusibility of water 
across the blood: brain barrier, appears to be adrenergic mediated. First, 
this increase is blocked by prior 6-0H-DA ablation of central adrenergic 
neurons (Preskorn et al., 1980b) and is attenuated by phenoxybenzamine 
pretreatment. Second, neither serotoninergic or cholinergic mechanisms 
appear to play a role in producing the effect. Thus, the initial increase in 
cerebral extraction - like the initial positive chronotropic effects of TeA -
appears to be adrenergically mediated. As the brain concentration of AMI 
rises, this initial increase is blocked. In an analogous way to the cardiac 
effects, this blockade may be due to drug-induced membrane stabilization. 
Studies are ongoing to test this possibility. 

Results from these latter studies will increase our knowledge of the effects 
of TeA on a system of vital importance to normal cerebral function, the 
cerebral microcirculation. While awaiting these developments, the major 
conclusion from this discussion can be drawn from the cardiac studies. When 
confronted with a curvilinear dose: response relationship, the possibility 
that the drug exerts opposing effects at different concentrations must be 
considered. 
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Biochemical indices of the effects of the 
selective MAO inhibitors clorgyline, 

pargyline and deprenyl in man 
D. L. Murphy, D. Pickar, D. Jimerson, R. M. Cohen, N. A. Garrick, 

F. Karoum and R. J. Wyatt 
(Clinical Neuropharmacology Branch, National Institute of Mental Health, 

Bethesda, Maryland 20014, USA) 

Drugs which inhibit monoamine oxidase (MAO) affect the metabolism of 
many biogenic amines and their metabolites. All of the MAO-inhibiting 
antidepressants available in the USA as prescription drugs are non­
selective, and retard the oxidative deamination of the entire list of substrates 
for the enzyme presented in table 1. These non-selective inhibitors include 
phenelzine, tranylcypromine and isocarboxazid, as well as such previously 
widely used drugs as nialamide and iproniazid. 

A few MAO inhibitors exist which appear to inhibit preferentially the 
deamination of some biogenic amines, with lesser effects on other amines. 
Clorgyline, for example, inhibits 50 percent of the deamination of serotonin 
(5-HT) by human brain cortex homogenates in vitro at concentrations of 

Table 1 A partial listing of biogenic amine substrates for monoamine oxidase 

Indoleamines: 

Catecholamines: 

Non-catechol phenylethylamines: 

Metabolites and others: 

5 -Hydroxytryptamine 
5 -Methoxytryptamine 
Tryptamine 
Norepinephrine 
Epinephrine 
Dopamine 
Tyramine 
3-Methoxytyramine 
Phenylethylamine 
Phenylethanolamine 
Octopamine 
Tele-methylhistamine 
Kynuramine 
Normetanephrine 
Metanephrine 
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2 X 10-10 M (table 2). Phenylethylamine metabolism remains unaffected by 
clorgyline until high concentrations (10-6 M) are added. Other propar­
gylamine derivitives such as deprenyl and pargyline exhibit reverse selectivi­
ty, inhibiting phenylethylamine deamination in human and rat brain in vitro 
at lower concentrations than those required to inhibit 5-HT deamination 
(table 2). Substrate selectivity with these drugs is not absolute, and at high 
inhibitor concentrations selectivity is lost. Other MAO inhibitors (MAOls) 
which have been demonstrated to exhibit substrate selectivity include 
harmine and harmaline, Lilly 51641 and some structurally related cyclo­
propylamines, 5 -phenyl-3-( N-cyclopropyl)ethylamine-l ,2,4-oxadiazole 
(peO), and a number of recently described agents including FLA336, 
MD780515 and ROll-1l63. Interestingly, some other drugs such as the 
tricyclic antidepressants and amphetamines, whose primary mechanism of 
action has generally been thought to be not related to MAO inhibition, also 
demonstrate some selective inhibitory effects on MAO. 

Table 2 Inhibition of MAO activity in human cortex by cJorgyline, deprenyl and 
pargyline, in vitro 

Substrate 

Serotonin (1 roM) 
Phenylethylamine (0.2 /-LM) 

Data from Murphy etal. (1979b). 

Clorgyline 

0.2 
1410 

ICso (nmol) 

Deprenyl 

500 
30 

Pargyline 

160 
30 

The basis for the preferential inhibition of the deamination of some 
substrates by these selective inhibitors is thought to reside in the existence of 
two closely related forms of the enzyme, MAO-A and MAO-B, which differ 
in some properties, including their intracellular accessibility to the in­
hibitors, their sensitivity to these drugs, and their capacity to deaminate 
certain monoamine substrates. Among the substrates examined, 5-HT and, 
to a lesser extent, norepinephrine (NE), are preferentially deaminated by 
MAO-A, while phenylethylamine, phenylethanolamine, o-tyramine, tele­
methylhistamine and benzylamine are preferential substrates for MAO-B. 
Several recent reviews of the characteristics of the MAO and of selective 
MAOIs have been published (Fowler et al., 1978; Wolstenholme and 
Knight, 1976; Murphy, 1978; Singer etal., 1979). 

Most studies defining the substrate-selective characteristics of these 
inhibitors have examined changes in MAO-A versus MAO-B activity in 
vitro or following acute drug administration in vivo in animals. A smaller 
number of studies have measured changes in tissue concentrations of 
monoamines following drug treatment in animals, principally rodents. Very 
few investigations of the chronic administration of these inhibitors have 
been accomplished, and some of these have suggested a loss in selectivity 
with continued drug administration. 
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Only meager information is available concerning the changes in 
monoamine metabolism produced by selective MAOIs in man. Nonethe­
less, selective MAO Is including deprenyl, clorgyline, pargyline and Lilly 
51641, have begun to be evaluated in patients with Parkinson's disease and 
depression, in anticipation of possible therapeutic advantages from their 
more specific actions, with the possibility of greater safety and fewer adverse 
effects. The absence of information regarding amine metabolic changes in 
man is particularly of concern because the data from rodents may not be 
readily extendable to man, due to substantial rodent - primate differences in 
the proportion of MAO-A versus MAO-B activity, especially in brain 
(Garrick etal., 1979). 

This paper reviews some recent approaches our group has taken to 
evaluate to what extent the selectivity of several MAOIs is maintained in 
vivo in man during longer term drug administration. The biological data 
presented in this review were obtained during the course of two clinical 
studies conducted at the NIH Clinical Center: (1) a comparative evaluation 
of the clinical and biochemical effects of clorgyline and pargyline in 
depressed patients, described in two preliminary reports (Lipper et al., 
1979; Murphy eta/., 1979b); and (2) an evaluation of deprenyl as an adjunct 
to L-Dopa treatment in Parkinson's disease patients, also described in detail 
elsewhere (Eisler et al., 1979). 

In these studies, patients received the MAOIs for 4 weeks or more, in 
doses of 10-40 mg per day for clorgyline (average dose, 28 mg per day), 
30-130 mg per day for pargyline (average dose, 90 mg per day) and 
5 - 10 mg per day for deprenyl. Plasma, urine and cerebrospinal fluid (CSF) 
samples were collected prior to MAOI administration and again after 
4 weeks of treatment. Preliminary clinical data from these studies indicated 
that clorgyline had significant antidepressant and antianxiety effects; par­
gyline had minimal therapeutic effects but, like clorgyline, did produce quite 
marked orthostatic hypotension; and deprenyl provided only minimal addi­
tional benefit to the Parkinson's disease patients receiving L-Dopa (Lipper 
etal., 1979; Eisler eta/., 1979). 

Platelet MAO activity was measured using 14C-benzylamine as the sub­
strate (Murphy et al., 1976). As indicated in figure 1, pargyline and deprenyl 
treatment for 4 weeks was associated with essentially complete inhibition of 
the MAO-B enzyme in platelets. Clorgyline administration, in contrast, did 
not lead to a significant change in platelet MAO activity (Murphy et a/., 
1979b). These data suggest that clorgyline, even when given Jor 4 weeks, 
maintains its selectivity as an MAO-A in~ibitor in not appreciably inhibiting 
the platelet MAO-B enzyme and, of course, that the two MAO-B inhibitors 
were given in sufficient dosage to reduce markedly MAO-B activity in 
platelets. 

Plasma amine oxidase activity was also measured in these studies using a 
previously described assay (Murphy et al., 1976). This enzyme, unlike the 
mitochondrial MAO found in tissues, utilizes a different cofactor (pyridoxal 
instead of FAD) and has a different range of substrates and inhibitors. It 
does not have the properties of either MAO-A or MAO-B, and is insensitive 
to clorgyline, pargyline and deprenyl in vitro, with no inhibition observed 
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Figure 1 Platelet monoamine oxidase activity during pretreatment placebo period 
and during the fourth week of treatment with clorgyline, pargyline or deprenyl. 

until over lOOO-fold higher concentrations (> 10-3 M) of these drugs are 
used. Nonetheless, plasma amine oxidase activity was reduced somewhat 
during the 4 weeks of pargyline treatment, and to a lesser extent during 
clorgyline treatment (figure 2; Murphy et al., 1979c). Deprenyl, however, 
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Figure 2 Plasma amine oxidase activity during the pretreatment placebo period 
and during the fourth week of treatment with clorgyline, pargyline or deprenyl. 
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did not affect its activity (in marked contrast to deprenyl's effects on platelet 
MAO-B), suggesting further that changes in this enzyme do not follow a 
pattern consonant with the MAO-A/MAO-B typology (Eisler et ai., 1979). 

Among the other blood constituents measured in this study, changes in 
plasma concentrations of 3-methoxy-4-hydroxyphenylglycol (MHPG) indi­
cated a greater effect of clorgyline on this metabolite of NE, an MAO-A 
substrate (Pickar et ai., 1981). As indicated in figure 3, clorgyline treatment 
was associated with a marked reduction in plasma MHPG. Somewhat lesser 
reductions were observed with pargyline, and negligible reductions with 
deprenyl. These differences thus support the hypothesis that clorgyline 
would have the greatest effect on the metabolism of NE. These observations 
also suggest that deprenyl treatment remained selective, but that pargyline 
was probably inhibiting MAO-A as well as MAO-B. Since deprenyl and 
pargyline are nearly equipotent inhibitors of MAO in vitro, it may be that the 
higher pargyline doses used in this study exceeded those at which selectivity 
for MAO-B could be maintained. 
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Figure 3 Plasma MHPG concentrations during the pretreatment placebo period 
and during the fourth week of treatment with clorgyline, pargyline or deprenyl. 

Like the plasma MHPG results, plasma NE concentrations were reduced 
by clorgyline (figure 4). Pargyline also led to a similar reduction in plasma 
NE (Murphy et ai., 1978). The basis for this effect is not known, but it may 
be related to the clinically evident orthostatic hypotension produced by 
these drugs, and it may reflect MAO I-related changes in central norad­
renergic mechanisms regulating peripheral sympathetic activity. In the 
parkinsonian patients, no change in plasma NE accompanied treatment with 
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Figure 4 Plasma norepinephrine concentrations during the pretreatment placebo 
period and during the fourth week of treatment with clorgyline, pargyline or 
deprenyl. 

deprenyl (Eisler et al., 1979). These changes are consistent with the rank 
order of reductions in plasma MHPG produced by the three drugs. 

Mean CSF NE concentrations, unlike those in plasma, were not altered by 
treatment with either c10rgyline or pargyline (figure 5; Major et aI., 1979b). 
Considerable individual differences in both baseline values and those ob­
tained during drug treatment were present, however, and a significant 
correlation between the magnitude of change in CSF NE and clinical 

o Placebo 

• Clorgyline 

~ Pargyline 

E NE 
0, 
.5 
!!l 
.~ 

10 MHPG VMA 300 z 
m 

:8 ;8 
~ 1 :2 100 
~ 

~ 
0 

P C Pg P Pg P C Pg 

Figure 5 Cerebrospinal fluid concentrations of NE, MHPG and VMA during the 
pretreatment placebo period and during the fourth week of treatment with clorgyline 
or pargyline. 
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antidepressant response was observed (Major etal., 1979a). Markedreduc­
tions in CSF MHPG (but not in VMA) occurred with cIorgyline and 
pargyline. Like the changes in NE and MHPG in the periphery noted above, 
these data are consistent with a large inhibiting effect on MAO-A by 
cIorgyline, as well as by pargyline. In other studies not depicted in figure 5, 
CSF NE and MHPG were not found to be altered by deprenyl administra­
tion to parkinsonian patients (Eisler et al., 1979). 

The dopamine (DA) metabolites homovanillac acid (HVA) and, to a 
lesser extent, 3,4-dihydroxyphenylacetic acid (DOPAC) in CSF were re­
duced more by pargyline than by cIorgyline (figure 6; Major etal., 1979b). 
This is consistent with data indicating that DA is predominantly deaminated 
by MAO-B in man (Glover et aI., 1977; Garrick and Murphy, 1980). It is 
also consistent with the platelet MAO reductions in indicating that both in 
the CNS and in periphery MAO-B is altered to greater extent by pargyline 
than by cIorgyline. No significant reductions in CSF HV A were observed in 
the parkinsonian patients treated with deprenyl, although CSF DA concen­
trations were elevated and urinary HV A concentrations were reduced in 
these patients (Eisler et al., 1979). This difference from the pargyline 
treatment results may represent the pargyline versus deprenyl dosage 
difference or may have resulted from an interaction of the drug effect with 
the altered central DA system in the parkinsonian patients. 

The major 5-HT metabolite, 5-hydroxyindoleacetic acid (5-HIAA), was 
reduced approximately 50 percent in CSF by both cIorgyline and pargyline. 
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Figure 6 Cerebrospinal fluid concentrations of HVA, DOPAC and 5-HIAA 
during the pretreatment placebo period and during the fourth week of treatment 
with clorgyline or pargyline. 
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This reduction in 5-HIAA is substantially less than that observed for CSF 
MHPG, although both NE and 5-HT are preferred substrates for the 
MAO-A enzyme. The equivalent reduction produced by pargyline also 
suggests that pargyline may be acting, in part, to inhibit MAO-A, although 
there is evidence that in primates, including man, 5-HT is also deaminated to 
some extent by MAO-B (Garrick et aI., 1979). 

Urinary phenylethylamine excretion was increased approximately 100-
fold by pargyline administration, but was essentially unaffected by clor­
gyline treatment (figure 7; Karoum et al., 1980). These data, like the 
platelet MAO results, confirm the marked MAO-B inhibition produced by 
pargyline, and also confirm that clorgyline had minimal effects on MAO-B 
activity. Urinary phenylethylamine excretion has also been reported to be 
markedly increased following deprenyl administration (Elsworth et al., 
1978). 
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Figure 7 Urinary phenylethylamine excretion during the pretreatment placebo 
period and during the fourth week of treatment with cIorgyline or pargyline. 

SUMMARY 

Consistent reductions in platelet MAO-B activity and marked, non­
overlapping elevations in urinary phenylethylamine excretion in subjects 
treated with pargyline and deprenyl provided clear evidence that MAO-B 
activity was markedly inhibited during treatment with these two MAO-B 
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inhibitors in all patients. These two measurements would seem to provide 
the most useful indices of MAO-B inhibition during chronic treatment with 
MAOls in man. Reductions in plasma and CSF MHPG concentrations were 
maximal with clorgyline treatment, and may provide the most useful index 
of MAO-A inhibition, in the absence of a readily available human tissue 
source of the enzyme, as is available for MAO-B activity assay in human 
platelets. The combined data indicate that in the doses used, clorgyline 
maintained high selectivity as an MAO-A inhibitor, and deprenyl as an 
MAO-B inhibitor, while pargyline more markedly inhibited MAO-B, but 
also inhibited MAO-A. Selectivity was maintained with clorgyline and 
deprenyl for at least a 4 week period of drug administration in man. 
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INTRODUCTION 

A great variety of symptoms have been reported after the ingestion of an 
overdose of a tricyclic antidepressant (TCA). These include disorientation, 
ataxia, vomiting, coma, convulsions, ECG changes and dysrhythmias 
(Hamilton and Mahapatre, 1972). As some of the TCA appear to show an 
affinity for myocardial tissue (Jefferson, 1975; Elonen et al., 1975; Bian­
chetti et aI., 1977), it is not surprising that a large proportion of individuals 
experiencing overdose of these drugs show signs of cardiotoxicity. This is 
compelling evidence for a serious cardiotoxicity in overdose; even at 
therapeutic dose levels there is strong evidence to show that changes in 
cardiac parameters may occur with nortriptyline (NT) (Taylor and Braith­
waite, 1978; Burrows et al., 1976), imipramine (lMI) (Kristiansen, 1961; 
Bigger et al., 1977), clomipramine (CI) (Singh, 1972) and amitriptyline 
(AMI) (Smith and Rusbatch, 1967; Scollins et al., 1972), although these 
changes are not apparent in all patients (Jefferson, 1975; Vohra et al., 
1975a,b,c). Using surface ECG recording and in other studies using His 
bundle electrocardiography (HBE), Burrows et al. (1976) found that in­
tracardiac conduction was prolonged in patients taking therapeutic doses of 
TCA, and Taylor and Braithwaite (1978), using systolic time interval 
measurements, found changes indicating that a deterioration in cardiac 
function occurred with NT which was correlated with the plasma level. In 
TCA overdose the effects produced by the cardiotoxicity of these drugs can 
be most dangerous and may be difficult to correct (Manoguerra and Weaver, 
1977). 

*This paper has been modified from the chapter entitled 'Cardiotoxicity of 
antidepressants: experimental background' in Stress and the Heart, 2nd edn (ed. D. 
Wheatley), Raven Press, New York. 
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For these reasons, the relative cardiotoxicity of currently available an­
tidepressants in overdose and at therapeutic dose levels is of particular 
interest and has been investigated by many workers using a variety of 
methods. 

ANIMAL STUDIES 

With regard to tests for cardiotoxicity, it is difficult to make a critical 
assessment of the various animal models which have been used, mainly 
because it is hard to obtain a single quantitative expression of the 'true' 
cardiotoxicity of these compounds in man. 

The effects of several TCA have been compared in a number of relatively 
uncomplicated isolated preparations such as the guinea-pig (Greeff and 
Wagner, 1971; Kato et aI., 1974), rat (Mundo et al., 1974) and rabbit 
(Hughes and Coret, 1974) atria, cat papillary (Biamino, 1976; Biamino et 
al., 1975) and rat ventricle (Prudhommeaux et al., 1968). There appears to 
be general agreement among workers that at high concentrations 
(> 300 f.1g 1-1; > 1 x 1O-6 M) the TCA produce a negative inotropic response 
and, in preparations showing spontaneous activity, a negative chronotropic 
effect as well. Although some differences have been observed in the effects 
of TCA when applied to isolated tissues in low concentrations (Mundo et al., 
1974), there is general agreement that at high concentrations any differ­
ences between the compounds are small (Dumovic et al., 1976; Brunner et 
al., 1971; Greeff and Wagner, 1969). 

In isolated guinea-pig atria, Dumovic et al. (1976) found that at equal 
concentrations (1 x 10-5 M; 3 mg 1-1), there were some statistically signific­
ant differences between the abilities of NT, protriptyline, desmethylimip­
ramine (DMI), AMI, IMI and doxepin to reduce rate and force of contrac­
tion, although the maximum mean effect on rate (doxepin and IMI) was a 
reduction of about 5 percent and the maximum mean effect on force 
(doxepin) a reduction of about 13 percent. Differences of this size are 
unlikely to be clinically significant. 

The experiments on isolated tissues indicate that many of the older TCA 
have a similar degree of cardiotoxicity, while some of the newer agents, 
nomifensine and mianserin for example, would seem to have less harmful 
effects on the heart at similar concentrations. One feature of all the work 
done in isolated tissues with regard to cardiotoxicity at therapeutic plasma 
levels is the concentration used in the experiments. In poisoning, plasma 
levels of AMI may be very high (Petit et al., 1977), but in therapeutic use 
only rarely exceed 300 f.1g 1-1 (1 X 10-6 M) and are usually very much lower 
(Braithwaite and Widdop, 1971; J0rgensen, 1975). One other feature of 
these experiments, particularly in relation to cardiotoxicity at therapeutic 
dose levels, is that all these isolated tissue experiments involve acute 
administration of the antidepressants, whereas chronic exposure is the rule 
in the human therapeutic situation. 
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As with isolated tissues, no single in vivo method has become accepted as 
the best method to assess cardiotoxicity; a great variety of methods have 
been used and experiments have been carried out in mice (Elonen, 1974), 
rats (Nemec, 1974; Bonaccorsi et aI., 1977), guinea-pigs (Burrows et aI., 
1976), rabbits (Hughes and Radwan, 1979), cats (Forika et aI., 1971) and 
dogs (Dhumma-Upakorn and Cobbin, 1977). At very low doses, the TCA 
produce an increase in heart rate, contractility, blood pressure, coronary and 
aortic flow and automaticity (Elonen, 1974; Baum et aI., 1976) and both the 
atropinic and the norepinephrine (NE) uptake blocking properties of these 
drugs may be involved in these effects (Bonaccorsi and Garattini, 1978). At 
higher doses there is general agreement that heart rate is reduced, blood 
pressure falls, automaticity is decreased, the PQ and PR intervals lengthen, 
the width of the QRS complex is increased and changes in the T wave occur 
(Nemec, 1974; Baum et al., 1976; Thorstrand et al., 1976; Kurioka and 
Taniwa, 1974; Desager et al., 1979). Ventricular extrasystoles, bigeminy, 
trigeminy, A-V block and ventricular fibrillation may all be seen (Nemec, 
1974; Kurioka and Taniwa, 1974). The ECG changes and dysrhythmias 
which are found in animals are very similar to those seen in man and occur at 
plasma levels which are within the range found in overdose patients (Bian­
chetti et al., 1977; Bonaccorsi et al., 1977). Quantitatively, IMI, AMI, NT 
and doxepin appear to be only marginally different in their cardiotoxicity 
(Burrows etal., 1976; Nemec, 1974; Baum etal., 1976). 

Of the newer antidepressants, iprindole had less effect on ventricular and 
atrial conduction velocity or ventricular excitability than did IMI, but 
iprindole is not without cardiotoxicity since a significant prolongation of the 
A-V conduction time was seen (Baum et al., 1971). Nomifensine was 
required in higher dose and produced smaller changes in the PQ interval in 
the guinea-pig ECG than did either AMI or IMI (Hoffmann, 1977). 

The animal studies confirm the considerable cardiotoxic potential of the 
TCA. The studies also indicate that not all antidepressants are likely to show 
an equivalent cardiotoxicity in man. Although many of the older TCA show 
approximately equal cardiotoxicity this is not true of the newer antidepres­
sants. The experiments with mianserin indicate a substantially reduced 
cardiotoxicity on a weight-for-weight basis compared with many other 
antidepressants. If there is a risk of overdose, then it would appear that 
mianserin would provide a safer alternative than the more traditional TCA. 

HUMAN STUDIES 

Cardiovascular eHects of therapeutic doses of tricyctics 

The cardiovascular effects of TCA are well known and constitute the major 
impetus in the search for safer and more effective agents. Epidemiological 
studies have documented the cardiovascular side effects of the tricyclics and 
this has been the subject of several reviews (Jefferson, 1975; Thorstrand, 
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1976; Freeman et ai., 1969; Bonaccorsi and Garattini, 1978; Boston 
Collaborative Drug Surveillance Program, 1972; Coull etal., 1970; Moir, 
1973). 

The Boston Collaborative Drug Surveillance Program (1972) reported on 
237 patients who received AMI, IMI, DMI, protriptyline or NT. The 
incidence of sudden death and death rate was not different in these patients 
and a similar group of hospitalized patients from the same wards who did not 
receive antidepressants. Similarly, the survey found no difference in car­
diotoxicity between 80 patients with cardiovascular disease receiving tricyc­
lics and 3994 patients with cardiovascular disease not receiving tricyclics. 

This apparent lack of cardiotoxic effects of the antidepressants is in 
contrast to the Aberdeen General Hospitals Group studies (Coull et al., 
1970; Moir, 1973). A group of 864 patients who entered hospital in a 40 
month period and who received AMI were studied. Of these, 119 had a 
diagnosis of cardiac disease and were matched by age, sex, cardiac diagnosis 
and length of hospitalization with a group of patients not taking antidepres­
sants. Among the AMI group there were 23 deaths (19 percent of patients) 
compared with 15 deaths (12 percent) in the control group. This difference 
was not statistically significant. When compared for 'sudden unexpected 
cardiac death', 13 of 23 AMI deaths met the criteria compared with three of 
15 controls, a significant difference. A further investigation of 87 cardiac 
patients receiving IMI compared with 87 control cardiac patients, revealed 
four unexpected deaths in the IMI group compared with two in the control 
group. The authors advocated caution in the prescribing of AMI and IMI to 
patients with cardiac disease. Both studies serve to point out the dangers 
associated with chronic tricyclic administration. 

Electrocardiographic changes and therapeutic drug plasma levels 

There are studies of electrocardiographic changes during 'pure' tricyclic 
therapy. Such studies are summarized in Table 1. The general pattern of 
ECG changes which emerges from these studies is ST -T changes, increases 
in PR and QRS width, bundle branch block and sinus tachycardia. These 
changes are reversible, in patients without pre-existing heart disease, when 
the drugs are withdrawn. Clinically the cardiovascular side effects of the 
tricyclics are potentially dangerous and warrant close scrutiny in patients 
taking these drugs. 

In addition to monitoring BCG changes, some studies have monitored 
drug plasma levels. Freyschuss et al. (1970) studied 40 depressed patients 
treated with NT. Pulse rate, blood pressure and BCG were recorded before 
treatment and during treatment, when steady state plasma levels of NT were 
achieved. Mean steady state NT levels were 47 ng ml-1 for the 75 mg group 
and 93 ng rnI- 1 for the 150 mg group. Heart rate and blood pressure 
increased during drug treatment. In one patient (a 51 year old male) a right 
bundle branch block appeared. When drug therapy was withdrawn his BCG 
returned to normal. In the remaining patients the BCG records showed no 
signs of adverse effects of NT. Plasma levels did not correlate with the 
increase in pulse rate observed. 
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Electrocardiographic changes were studied in a group of 32 patients 
receiving various doses of AMI, NT, IMI anddoxepin (Vohra eta/., 1975b). 
Plasma levels were determined in the 20 patients who received NT. The 
mean plasma concentration was 182 ng ml- 1 (range 60-392 ng ml- 1). Heart 
rate increased in 26 of the 32 patients and this increase tended to be greater 
when the pretreatment heart rate was low. The PR interval increased in all 
subjects following drug administration; QT interval showed no significant 
changes. The ST -T wave changes found in these patients were considered 
unremarkable by the authors. Three patients on NT showed prolongation of 
the QRS, which did not occur with the patients receiving other drugs. There 
was no correlation between plasma NT levels and increased heart rate or PR 
interval. It was tentatively suggested that doxepin had less effect on the 
cardiovascular system than nortriptyline. 

Intracardiac conduction studies using HBE also provided some support 
for the hypothesis that doxepin is less cardiotoxic than NT, and suggested 
that plasma levels of NT in excess of 200 ng ml-1 are more often associated 
with cardiac abnormalities (Vohra et al., 1975a). The relationship between 
the His bundle electrogram and the standard ECG is shown in figure 1. HBE 
studies were carried out in 12 patients before and at least 2 weeks after they 
had been on therapeutic doses of NT. Plasma for NT determination was 
collected at the same time as the HBE recordings were made. Mean NT level 
was 209 ng ml- 1 (range 75-490 ng ml- 1). Five patients showed significant 
prolongation of the H-V interval and of these four had plasma levels in 
excess of 200 ng ml- 1 • The effect on the A-V conduction was variable. 
These authors suggest that prolongation of the H-V interval may account 
for the increased incidence of sudden deaths in cardiac patients taking 
tricyclics (Coull etal., 1970; Moir, 1973). 

SAN 
... ::..... AVN -....... . ..... 

HBE 
f-+-~ -
A H V 

~ A 
p -----Q....,j's~---

Figure 1 His bundle electrogram (HBE) with the standard ECG. An anatomical 
model of the conduction system at the top of the figure is orientated to show the sites 
of origin of the electrical waves. The A-H and H-V intervals represent proximal and 
distal intracardiac conduction respectively. 
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In a subsequent study, Burrows et al. (1977) compared the effects of 
therapeutic doses of doxepin and NT on intracardiac conduction. A total of 
17 patients, all diagnosed as suffering from a primary depressive illness, with 
no history of cardiovascular disease, were admitted to the study. After a 1 
week placebo period, patients were randomly allocated to treatment with 
150 mg per day of NT or 150 mg per day of doxepin. After 3 weeks' 
treatment, patients were allowed a 10 day 'washout' period and then crossed 
over to the other drug. Standard ECG and high speed, high fidelity ECG 
were recorded in the placebo period and after 3 weeks' treatment on each 
drug. Plasma samples were collected at the same time as ECG recordings 
were made. The mean steady state NT plasma level was 196 ng ml- I (range 
29-416 ng ml- I) and mean doxepin plasma level was 52 ng ml- I (range 
30-118 ng ml- I). Pretreatment ECGs showed no significant abnormalities. 
Six patients showed a significant prolongation of the QRS complex while 
receiving NT, but only one patient showed prolongation on doxepin. There 
was no correlation between plasma NT or plasma doxepin levels and 
prolongation of the QRS width. Five of the six patients on NT, who showed 
significant changes of QRS width, had plasma levels in excess of 
170 ng ml- I. Six other NT patients also had plasma levels greater than 
170 ng ml- I but did not show any QRS prolongation. This study does not 
support the contention that conduction disturbances are seen more fre­
quently at plasma levels in excess of 200 ng ml- I. The number of patients 
studied here is small and does not eliminate such a possibility entirely. The 
study does support the authors' original proposal, that doxepin has less 
effect on intracardiac conduction. Doxepin plasma levels were, on the 
whole, much lower than those of NT. Possibly a lower bioavailability of 
doxepin accounts for its apparent lack of cardiotoxicity. 

Cardiographic abnormalities were noted in a study of 17 depressed 
patients treated with NT (50-150 mg per day) for 3 weeks (Ziegler et al., 
1977 b). significant increases in heart rate were observed and a number of 
patients exhibited ST segment and T wave abnormalities. Most of these 
changes were regarded as clinically insignificant. In two patients clinically 
significant ECG abnormalities developed during treatment. A 65 year old 
male developed a first degree heart block (plasma NT 129 ng ml- I). Prema­
ture ventricular contractions were observed in a 33 year old female during 
treatment (plasma NT 176 ng ml- I). This abnormality disappeared when 
her dose was halved and her plasma level fell to 80 ng ml- I. There was a 
significant correlation between plasma NT level and change in heart rate for 
the group as a whole. 

Electrocardiographic function was studied in a group of 15 patients being 
treated with AMI (75-200 mg per day) for 3 weeks (Ziegler etal., 1977a). 
Heart rate increased significantly (mean increase was 16 beats min-I). 
Patients with high plasma AMI or high total plasma tricyclic levels 
(AMI + NT) were those who J.llost often showed the greatest increase in 
heart rate. 

Kantor et al. (1975) studied seven depressed patients (six with prior ECG 
abnormalities) who received 175-400 mg of IMI per day. Mean heart rate 
determined by computer analysis of the continuous 24 h ECG recordings 
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increased significantly but slightly in each patient. There were also signific­
ant increases in PR, QRS and QT intervals during IMI treatment. Plasma 
tricyclic levels in these patients remained within the therapeutic bounds for 
this compound. 

As a general conclusion from these studies it could be stated that usual 
doses of the tricyclics can lead to electrocardiographic changes in some 
patients and that these changes are most likely to be associated with high 
plasma levels of the drug. Plasma level monitoring on the other hand is not 
necessarily a guide to ECG changes. 

Cardiovascular effects of tricyc6c antidepressant overdosage 

The electrocardiographic features of tricyclic overdosage include prolonga­
tion of intra- and atrioventricular conduction, sinus abnormalities including 
ST deviation, which may simulate acute myocardial infarction, ventricular 
arrhythmias, profound bradycardia, supraventricular tachycardia and asys­
tole (Vohra and Burrows, 1974). Some or all of these complications are 
observed in tricyclic overdosage. What is apparent from the studies reported 
is the unpredictability of TCA poisoning. Severe complications are often 
seen in patients who ingest only small amounts of TCA while mild or no 
symptoms may occur in some patients who ingest two or more grams of a 
tricyclic. This uncertainty may be related to pharmacokinetic differences 
between patients. Some individual cases of TCA overdosage are presented 
in table 2. 

Electrocardiographic changes and plasma levels in overdosage 

Vohra et al. (1975a) studied 14 patients admitted with an overdosage of 
doxepin (n=6), NT (n=3), IMI (n=2) and AMI (n=3). Noneofthedoxepin 
patients had prolongation of the H-V interval, but seven of the eight 
patients with overdoses of the other drugs did. Average overdose in both 
cases was the same (1.3 g as compared to 1.4 g). Plasma doxepin levels in 
one patient were >2 ""g ml- t soon after admission and rapidly fell over the 
next 24 h (Maguire, 1977). Plasma levels in other patients were not re­
ported. 

Electrocardiographic parameters and plasma tricyclic levels were deter­
mined in a study of 15 patients with overdoses (Spiker et al., 1975). Ten 
patients overdosed with AMI, and one each with AMI plus protriptyline, 
doxepin, IMI, DMI and IMI + DMI. There was no correlation between total 
plasma tricyclic levels and maximum heart rate, lowest diastolic, or systolic 
blood pressure, level of consciousness, pupil size or P-R interval. Maximum 
QRS duration showed a strong positive correlation (r=0.75, P<0.01) with 
total tricyclic levels. Excluding one patient with pre-existing bundle branch 
block, intraventricular conduction delays were often associated with plasma 
levels in excess of 1000 ng ml- t • As plasma levels decreased, the QRS width 
returned to normal. This study was confirmed in a group of 36 overdosed 
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patients all of whom had a QRS width> 100 ms and a total plasma tricyclic 
level in excess of 1000 ng ml- I (Petit et al., 1976). 

Spiker and Biggs (1976) found that tricyclic plasma levels could remain 
above 1000 ng ml- I up to 96 h after overdose. They suggest that sustained 
plasma levels may playa role in sudden death 3-6 days after overdose. 
Clinically such patients should be monitored cardiographically up to 6 days, 
while antidepressant therapy, if commenced immediately after the over­
dose, may aggravate a delicate cardiological situation. 

Forty patients ingesting TCA overdoses were studied as a pharmacologi­
cal model to determine whether plasma tricyclic levels correlated with major 
adverse effects or electrocardiographic findings (Petit et al., 1977). Patients 
were grouped into those with total plasma tricyclic levels above (n= 13) and 
below (n=27) 1000 ng ml- I. It was found that significant differences be­
tween the two groups did exist. The mean plasma level of all those patients 
who died, had cardiac arrest, required respiratory support, developed 
unconsciousness or grand mal seizures was > 1 000 ng ml- I. Similarly, the 
mean plasma level of all patients who experienced electrocardiographic 
abnormalities (ventricular rate> 120 min-I; QRS width> 100 ms; cardiac 
arrhythmias; bundle branch block) was> 1000 ng ml- I. When each of these 
groups was analyzed individually, significantly more patients, with the 
specific major adverse effect, had plasma levels above than below 
1000 ng ml- I. These authors again demonstrated the trend for cardiotoxic 
symptoms of the tricyclics to be associated with elevated plasma levels. 

Electrocardiographic changes were studied following AMI and IMI over­
dosage in 30 patients (Bailey et al., 1978). There were 19 cases of AMI 
overdose and 11 of 1M!. Plasma tricyclic levels were measured within 2-4 h 
following admission and ECGs were recorded 4-6 h after admission. On 
admission, plasma tricyclic levels ranged from 29 to 1260 ng ml- I for AMI 
(total drug plasma levels) and from 123 to 1732 ng ml- I for IMI (total drug 
levels). Prolonged QT interval, widened QRS complex, abnormal ST seg­
ments and flattened T waves were observed on admission ECGs. There was 
a significant difference between total tricyclic levels for patients with 
widened QRS complex and those without widening (821 ng ml- I and 
396 ng ml- I, respectively). There was no correlation between plasma level 
and the extent of QRS broadening. Further, the range of plasma levels 
observed in this study overlap with those observed in patients receiving 
chronic oral doses, thus making the use of plasma levels alone an unreliable 
index of tricyclic overdosage. A parent drug-to-metabolite (P/M) ratio may 
be a better predictor of overdosage. A P/M ratio less than 2 is more usual in 
steady state levels while P/M greater than 2 strongly suggests an overdose, 
but its absence does not exclude it. These authors concluded that QRS 
broadening, arrhythmia and increased total plasma tricyclic levels represent 
serious cardiotoxicity. 

On the basis of the studies described, the most reliable and readily 
available clinical index of TCA overdosage is prolongation of the QRS width 
by 100 ms or more. This will almost certainly be associated with elevated 
plasma levels of the drug. Plasma levels are not indicative of cardiotoxicity 
per se, but the finding of a P/M ratio of greater than 2 may be of some value in 
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diagnosing toxicity. Treatment of tricyclic overdose has been described by 
others (Vohra and Burrows, 1974). 

Studies with new antidepressants 

Nomilensine 

Nomifensine is a new antidepressant of unique chemical structure. In 
controlled clinical studies the drug has been shown to be an effective 
antidepressant with few side effects, particularly those of a cardiovascular 
nature (Acebal et aI., 1976; Angst et al., 1974; Madalena et al., 1973; 
Moizeszowicz and Subira, 1977). 

The effects of nomifensine on the cardiovascular system were investigated 
in 10 in-patients suffering from depressive illness (Burrows et al., 1978b). 
Each patient was studied before treatment and at the end of a 3 week period 
of nomifensine. Standard 12-lead ECG and HBE recordings were made at 
these times. Plasma levels of nomifensine were measured during the treat­
ment period. The results of the study are shown in table 3. Nomifensinewas 
associated with an increase in heart rate in seven of the 10 patients, which 
was not statistically significant. Nomifensine had no effect on H-V interval, 
QRS width and other electrocardiographic parameters (A-H, PR and QT 
intervals and ST or T wave changes were not apparent), nor did the drug 
affect blood pressure significantly. There was no significant correlation 
between free or total plasma levels of nomifensine and any of the parameters 
measured in the study. The mean level of free nomifensine was 45 ng ml- I 

and of total (free+conjugated) was 185 ng ml- I for the group of patients 
who received 100 mg per day. For the patients who received 200 mg per day, 
mean free nomifensine was 75 ng ml- I and mean total was 370 ng ml- I . 

Table 3 The effects of nomifensine on distal intracardiac conduction, heart rate and 
QRS width in 10 patients receiving up to 200 mg of the drug per day 

Dose H-V interval Heart rate QRSwidth 
Case Age Sex (mg (ms) (beats min-I) (s) 
no. (years) per day) 

Pre Post Pre Post Pre Post 

1 34 F 100 48 50 81 76 0.08 0.08 
2 62 M 100 60 60 92 100 0.08 0.08 
3 18 F 100 50 55 84 95 0.07 0.07 
4 54 M 100 40 40 63 60 0.10 0.10 
5 40 M 100 45 45 86 92 0.06 0.06 
6 31 F 200 45 45 67 57 0.09 0.09 
7 33 F 200 40 40 67 77 0.08 0.08 
8 38 F 200 45 50 89 99 0.06 0.06 
9 59 F 200 45 45 65 92 0.08 0.08 

10 63 F 200 60 60 82 86 0.08 0.08 
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Wide interindividual variations in plasma levels were demonstrated in this 
study. On the basis of this investigation, nomifensine appears to be without 
serious effect on the cardiovascular system of man at these doses. 

Reports of nomifensine overdosage in man also suggest that the drug is 
without serious cardiotoxic properties (Montgomery et al., 1978; Vohra et 
al., 1978). Nomifensine is apparently without serious effect on the car­
diovascular system in both therapeutic doses and overdosage. 

Mianserin 

Mianserin is a tetracyclic piperazino-azepine compound, effective in the 
treatment of depressive illness (Brogden et al., 1978). No consistent effect 
on heart rate, PR interval, QRS width or T wave amplitude was observed 
when mianserin was administered to 13 depressed patients in doses of 
80-120 mg for 3 weeks (Peet et al., 1977). In two depressed patients, 
rnianserin prolonged the QT interval after 1 week of treatment, but by week 
2 this abnormality had returned to normal. No other effects on the ECG 
were noted (Burgess et al., 1978a, b). In a comparative study of the long 
term effects of antidepressant treatment, four patients treated with 40 mg of 
mianserin per day showed increased PR interval, QT and QRS width and T 
wave flattening after 3 weeks' treatment (Burckhardt et al., 1978). These 
electrocardiographic changes returned to normal after 13 months of treat­
ment. Only heart rate continued to be increased. In a study of 60 patients 
with pre-existing heart disease, 35 received 30 or 60 mg of mianserin per day 
for 3 weeks in a double blind trial (15 patients received a placebo) (Kopera 
and Schenk, 1977). Heart rate, blood pressure and ECG were monitored at 
various intervals throughout the trial. There were no sudden unexpected 
deaths and no differences between groups on the cardiovascular parameters 
monitored. 

Intracardiac conduction was measured in 10 depressed in-patients by 
HBE before and after 3 weeks' treatment with 60 mg of mianserin per day 
(Burrows et al., 1979). Blood pressure, heart rate and ECGs were recorded 
at the same time. Heart rate increased in six of the 10 patients, but this was 
not considered to be clinically significant by the investigators. No other 
significant changes in cardiovascular parameters were observed during the 
study. This investigation supports the other studies described and suggests 
that rnianserin is without significant effects on the cardiovascular system. 

On overdosage mianserin does not appear to cause the severe complica­
tions of most other antidepressants (Crome et al., 1978; Jansen et al., 1977). 
One death has been reported in a woman who ingested 600 mg of mianserin 
and a large dose of lorazepam (Crome and Newman, 1977); plasma 
mianserin was within normal limits (110 ng ml-1) while the lorazepam level 
was 500 ng ml- 1, about two to three times levels observed with chronic 
dosing. The time elapsed between blood sampling and overdosage was not 
known. 

The cardiovascular safety of mianserin in both therapeutic and overdoses 
is established by these studies. Mianserin may be ·of particular value in the 



Cardiovascular Effects of Antidepressants 335 

treatment of the depressed patient with heart disease and represents a 
significant advance in the treatment of depressive illness. 

Zimelidine 

Zimelidine (Astra H102/09) is a selective serotonin uptake inhibitor with a 
bicyclic structure. Limited clinical studies have shown that it possesses 
antidepressant effects (Benkert et al., 1977; Coppen et al., 1979). Burgess et 
al. (1978b) compared the cardiovascular effects of AMI, mianserin and 
zimelidine by using high speed surface ECG and systolic time intervals. 
Patients were studied before and after 3 weeks' drug therapy. Neither 
mianserin or zimelidine affected systolic time intervals. Zimelidine tended 
to increase QT interval and slow heart rate. None of the drugs affected blood 
pressure. On the basis of the eight mianserin and seven zimelidine patients 
studied it was concluded that both drugs are safer than AMI. In two cases of 
overdosage with zimelidine, both patients experienced few adverse reac­
tions (Astra Pty Ltd., unpublished data). The safety of zimelidine awaits 
further studies. 

Cardiovascular effects of Hthium 

The use of lithium salts (Ii) for the treatment of manic-depressive disorders 
is well established, although its mechanism of action is not known (Hollister, 
1976). The effects of Ii on the heart are generally regarded as being 
infrequent, innocuous and reversible (Tilkian et al., 1976). Four effects of Ii 
on the heart have been noted: in order of decreasing frequency of occurr­
ence they are T -wave flattening (Schou, 1962; Hansen and Amdisen, 1978); 
sinus node abnormalities (Wilson et al., 1976); ventricular arrhythmias 
(Tseng, 1971; Jaffe, 1977) and myocarditis (Tseng, 1971; Swedberg and 
Winblad,1974). 

Most reports describing the cardiovascular effects of Ii have been anec­
dotal or retrospective and controlled investigations are few. The effects of 
therapeutic levels of Ii were investigated in six healthy male volunteers aged 
18-23 years (Dumovic et al., 1980). Subjects were studied before Li and 
after 2 weeks' treatment, when steady state plasma levels were obtained. A 
12-lead ECG and a high speed, high fidelity ECG were used to record 
electrical activity of the heart. Systolic time intervals at rest and during 
periods of exercise were also recorded. Some minor T -wave flattening 
occurred in three subjects but there was no effect on any other ECG 
parameters. There was no correlation between plasma Ii levels and the 
magnitude of T -wave depression. Serum potassium levels remained within 
normal limits for all volunteers throughout the study. It has been proposed 
that slow, partial intramyocardial depletion of potassium and its replace­
ment by Ii may explain the T -wave flattening seen on the ECG (Tilkian et 
ai., 1976). The observations in this study do not exclude this possibility. 
Systolic time intervals were not affected by Li treatment. 



336 Clinical Pharmacology in Psychiatry 

This study supports the contention that Li is without serious cardiotoxi­
city, at least in the short term. Clearly more systematic studies of the effects 
of long term administration of Li on the heart are required. In view of the 
question of the nephrotoxicity of chronic Li treatment which has recently 
been raised (Burrows et al., 1978a; Hullin et al., 1979), serious considera­
tion should be given to the use of Li in patients with pre-existent heart 
disease. 

CONCLUSION 

In both animal and human studies the TCA exert significant effects on the 
cardiovascular system, as demonstrated by the characteristic changes ob­
served in the ECG or by HBE. Studies of the electrocardiographic effects in 
relationship to plasma levels of the tricyclics, after either therapeutic doses 
or overdosage, so far have failed to demonstrate toxic levels of these drugs, 
ECG changes occurring both with therapeutic and overdoses. At present the 
best indication of tricyclic overdose is a significant prolongation (> 100 ms) 
of the QRS complex on the ECG. Significant cardiotoxicity is associated 
with elevated plasma levels of the tricyclics. Studies with newer antidepres­
sants such as nomifensine, mianserin and zimelidine have shown that these 
compounds lack the cardiotoxicity of the older drugs. Further studies to 
confirm these preliminary findings are required, but if they are less car­
diotoxic, then they represent a significant advance in the treatment of 
depression, especially in patients with pre-existent heart disease. The risk of 
suicide, a significant component of the depressive syndrome, by overdose 
with these agents is markedly reduced. Regular monitoring of cardiovascu­
lar status in patients receiving prophylactic treatment with antidepressants is 
to be advised. 
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In the preceding chapter, Dr Burrows and his colleagues have reviewed the 
usual cardiovascular effects of tricyclic antidepressants (TCA). We would 
like now to focus in greater detail on several cardiovascular effects which are 
clinically important but have, until recently, been poorly understood. The 
specific effects we will review are the antiarrhythmic properties of tricyclic 
compounds, their effect on left ventricular performance, and their propen­
sity to produce orthostatic hypotension. We will discuss why these effects 
have been poorly understood for so long and will review the implications of 
these effects on the clinical use of TCA and on our understanding of the 
basic pharmacology of these drugs. 

Five years ago Vohra and Burrows, on the basis of a series of His-bundle 
studies, suggested that the TCA had many quinidine-like effects on cardiac 
conduction (Vohra et ai., 1975a, b; Burrows et ai., 1976). Our own studies 
of a patient with an imipramine (IMI)-induced heart block (Kantor et ai., 
1975) supported their observation and prompted us to examine the possi­
bility that, in addition to its quinidine-like effect on conduction, IMI might 
also exhibit quinidine-like antiarrhythmic effects. We have reported on two 
depressed patients both of whom had a significant number of ventricular 
premature depolarizations (VPDs) which declined dramatically during IMI 
treatment (Bigger et ai., 1977). To demonstrate that this antiarrhythmic 
effect was a primary result of the drug and not secondary to recovery from 
depression, we restudied one patient 10 months after he had discontinued 
the IMI and was free of depression. In the non-depressed drug-free state, 
this patient's frequency of VPDs was virtually identical to his frequency of 
VPDs before IMI treatment. Thus, the reduction of his VPD frequency 
appeared related to his taking IMI, not to his improved mood. 

We recently completed a study of 44 seriously depressed patients who 
were treated with IMI (Giardina et ai., 1979). Of these 44 patients, 11 had 
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more than 10 VPDs per hour, a rate at which many cardiologists would 
institute treatment. In general, a drug that produces more than 50 percent 
reduction in the frequency of VPDs is considered a good antiarrhythmic 
compound and a drug that reduces VPDs by more than 75 percent is 
considered an excellent compound. In 10 of our 11 IMI-treated patients, 
there was more than a 90 percent reduction in the frequency of VPDs. While 
extensive information on this antiarrhythmic effect of tricyclic drugs is 
available only for IMI, animal studies suggest that this characteristic is 
common to all the usually used tricyclic compounds (Wilkerson, 1978). 

In retrospect, it is fairly easy to see why for almost two decades this 
powerful antiarrhythmic activity of IMI remained obscure. In overdose, 
especially severe overdose, IMI is likely to cause arrhythmias. It was then 
assumed that the arrhythmias observed during overdose would be likely to 
occur at normal therapeutic doses in vulnerable individuals, especially those 
patients with pre-existing VPDs. Obviously, this is not true. The assumption 
that a drug will at a lower dose do slightly less of what it does at a higher dose 
can be a misleading extrapolation. For example, quinidine itself causes 
arrhythmias in overdose; unfortunately, for many years this fact was over­
looked by psychiatrists. 

The clinical implications of the antiarrhythmic effect of the tricyclic drugs 
are fairly obvious. Certainly these drugs are not a threat to a patient with 
pre-existing arrhythmias. As a matter of fact, it is clear that ventricular 
arrhythmias are likely to benefit from IMI treatment at the same time that 
the depression improves. If a problem is likely to exist in the treatment of a 
depressed patient with VPDs, it will be in the area of drug-drug interac­
tions. Although it has not yet been scientifically demonstrated, one would 
strongly suspect that the quinidine-like effects of tricyclic compounds would 
be additive to other class I antiarrhythmic drugs. In other words, since the 
tricyclics are class I antiarrhythmic drugs one would expect that someone 
already on quinidine who is treated with IMI or an IMI -like compound could 
actually receive an excess of antiarrhythmic drug. This could result in 
excessive prolongation of cardiac conduction. 

Perhaps more important than the safety of using these drugs in patients 
with pre-existing VPDs is the implication this observation has for patients 
who take an overdose of TCA. In view of the fact that tricyclic drugs have 
impressive antiarrhythmic properties of their own, it seems futile, if not 
dangerous, to use similar antiarrhythmic drugs to treat the ventricular 
arrhythmias caused by tricyclic overdose. In all likelihood, a number of 
patients have been killed because, after taking an overdose of a tricyclic 
compound, they were treated with drugs of the same antiarrhythmic family. 
Serious tricyclic overdoses are probably best treated in the same way as 
overdoses of quinidine (Hoffman and Bigger, 1971). 

The antiarrhythmic properties of the TCA may tell us something about 
the effect of these drugs on the brain. It is far easier to examine isolated 
cardiac tissue than it is to examine isolated brain tissue. Two pairs of authors 
have now studied the effects of TCA on isolated Purkinje tissues as well as 
on ventricular muscle (Weld and Bigger, 1980; Rawling and Fozzard, 
1979). Both have found imipramine to have striking effects on the fast 
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sodium channels (see figure 1). This startling observation on isolated 
cardiovascular tissue raises the question of whether IMI also affects sodium 
channels in nerve fibers. Cases of death from IMI overdose have long been 
known to show IMI tightly bound to the heart (Moccetti et al., 1971). IMI is 
also known to bind tightly to isolated Purkinje fibers, though it is not clear 
whether sodium channels are involved in this phenomenon. One might even 
wonder if there is any connection between this binding and the recently 
described high affinity site for IMI on human platelets (Briley et aI., 1980). 
The relevance of these cardiovascular effects to the mode of action of IMI on 
the brain remain to be seen; however, it is tempting to speculate that IMI's 
effect on the fast sodium channel in some way relates to what we refer to as 
Ore-uptake blockade' in neuronal tissue. It is difficult to imagine that a 
pharmacological effect so dramatic as that seen in cardiac tissue does not 
exist in some form in neuronal tissue as well. 
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Figure 1 Time course of action potential changes during exposure to IMI. V max (.) 

is the maximal upstroke velocity; APD90 (L\) is the action potential duration at 90 
percent repolarization. (Reproduced with permission from Weld and Bigger, 1980.) 

Another important but largely unexplored topic is the effect of TCA on 
left ventricular performance. For many years, left ventricular performance 
could be measured accurately only via cardiac catheterization, a procedure 
which cannot be justified for most psychiatric patients. Therefore, studies of 
the effects of TCA on cardiovascular function have generally relied on 
indirect measures of ventricular performance. Both MUller and Burckhardt 
in Germany (MUller and Burckhardt, 1974; Burckhardt et al., 1978) and 
Taylor and Braithwaite (1978) in England reported that ventricular perfor­
mance as measured by systolic time intervals appeared to decline in the 
presence of TCA. However, we have reservations about the accuracy of 
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systolic time intervals as a measure of left ventricular performance in 
patients taking TCA. Systolic time intervals have been used to assess the 
effects of a number of drugs on the mechanical activity of the heart. An 
integral part of the method is the measurement of the pre-injection period­
the interval between the beginning of ventricular depolarization, as 
documented on the ECG, and the rise in pressure in the carotid artery. The 
TCA may distort or even invalidate this method of assessing left ventricular 
performance because they alter cardiac conduction (Giardina etal., 1979). 
In order to evaluate the accuracy of systolic intervals as a measure of left 
ventricular performance in patients on TCA, we used both systolic time 
intervals and echocardiography to assess cardiovascular function in a group 
of patients without overt cardiac disease. Like Muller and Burckhardt 
(1974), Burckhardt et al. (1978) and Taylor and Braithwaite (1978), we 
found that the systolic time intervals were abnormal during TCA treatment. 
In contrast, however, there was no change in cardiac performance as 
measured by echocardiography (Giardina et al., 1981). 

Recently, non-invasive techniques utilizing short-lived radionuclides 
have been developed to measure left ventricular performance (Marshall et 
al., 1977). In one method, a bolus of technetium-99 is injected into an 
antecubital vein and a series of cardiac images are obtained on a scintillation 
camera and stored on a computer. In this technique the radioactivity present 
in the heart during diastole and systole is measured during a series of normal 
ventricular contractions. The fraction of radioactivity ejected from the heart 
during an average contraction can be accurately determined, yielding a 
relatively precise index of ventricular performance. We are presently in­
volved in a series of studies using this methodology to determine whether the 
cardiac function of patients with left ventricular impairment is further 
compromised by treatment with antidepressant drugs. 

In the course of our studies of the cardiovascular effects of tricyclic drugs, 
we have become increasingly impressed by the ability of these compounds to 
produce orthostatic hypotension (Glassman et al., 1979; Roose et al., 1980). 
In our experience, orthostatic hypotension is the most common serious 
cardiovascular complication of therapeutic concentrations of these drugs. 
The magnitude of the fall in blood pressure (as measured in millimeters of 
mercury) does not seem to increase with age. However, it appears obvious 
that the risk inherent in any given drop of blood pressure increases greatly 
with age (that is, an orthostatic blood pressure fall of 40 mm Hg is likely to 
be far better tolerated by someone 35 years old than by someone 65 years 
old). Furthermore, we have recently had reason to wonder whether patients 
with congestive heart failure are at higher risk for developing orthostatic 
hypotension than those patients without pre-existing heart failure. In spite 
of the frequency and severity of this symptom, little is understood of the 
mechanism involved. V'Prichard et al. (1978) suggested that the degree of 
orthostatic hypotension correlates well with the a-adrenergic blocking 
activity of the tricyclic drugs. However, our own studies of orthostatic 
hypotension raise questions about this supposition. We have found little 
difference in the ability of IMI and desmethylimipramine to cause orthosta­
tic hypotension in spite of the fact that they show significant differences in 



Cardiovascular Effects of TCA 347 

a-adrenergic binding activity (Roose et aI., 1980; V'Pritchard et ai., 1978). 
On the other hand, nortriptyline (NT), whose a-adrenergic binding activity 
is very similar to that of IMI, seems to cause far less postural hypotension. 
V'Prichard's binding studies were conducted with WB401, a compound now 
thought to bind primarily to al-noradrenergic sites. Recently the French 
group of Lecrubier et al. (1980) has shown that yohimbine, an a2-blocking 
agent, is capable of diminishing the orthostatic effect of 1M!. This raises the 
question of whether there are differences in a2-adrenergic blocking ac­
tivities between various tricyclic drugs. This would be of interest on theoreti­
cal grounds because IMI and NT, although they vary in their potential to 
induce orthostatic hypotension, are equally effective antidepressant com­
pounds. The a2-blocking action of these drugs could be excluded as the 
mechanism of their antidepressant effect if binding studies would show that 
these equally effective tricyclic compounds differed significantly in their 
Q2-blocking ability. At any rate, the combination of such basic pharma­
cology with carefully documented clinical differences between the drugs 
offers a unique tool for exploring the way in which these drugs work. Such 
observations also have practical significance; clearly, in the treatment of 
older patients particularly vulnerable to the consequences of orthostatic 
hypotension, antidepressant drugs without significant orthostatic effects 
that still retain potent antidepressant activity are quite valuable. 

Again, in a theoretical way, it is interesting to compare those tricylic 
effects that develop immediately to those that develop later, as well as 
effects to which tolerance develops to those where it does not. In many 
instances, precise data are simply not available. However, it is clear that in 
spite of clinical impressions to the contrary, orthostatic hypotension de­
velops at very low plasma levels of IMI and tolerance does not develop over 
many weeks of repeated measurements. On the other hand, heart rate tends 
to increase on IMI initially and then to return toward baseline, even in the 
face of rising plasma levels of the drug. Similarly, the sedative effects of 
doxepin and amitriptyline often occur after a single dose while the antidep­
ressant effect of these drugs occurs much later. It has been suggested that the 
delay in the antidepressant effect is related to the time required to reach 
steady state, but this, at best, is only part of the answer. On the other hand, 
the development of IMI's antiarrhythmic activity is very much related to the 
time required to reach adequate plasma level. 

Thus, we hope we have illustrated that the careful study of the side effects 
of antidepressant drugs serves not only to provide a sounder basis for 
therapeutics and, therefore, promotes the more rational use of these com­
pounds, but also supplies us with tools to pursue a more fundamental 
understanding of the basic pharmacology of the drugs. It allows us to 
separate the activities of the drugs that are fundamental to their antidepres­
sant action from those that are not. We can also explore the relationship 
between the drugs' effects on sodium channels in cardiac tissue and the 
so-called 'blockade of re-uptake' of neurotransmitter substances in the 
brain. Finally, it may even be possible to investigate the complex consequ­
ences of stimulating or blocking various receptors in the central nervous 
system. 
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INTRODUCTION 

While there is still disagreement on the importance of monitoring the plasma 
level concentration of tricyclic antidepressants (TCA) to achieve better 
therapeutic effect (Gram and Kragh-S0rensen, this volume), there is 
general agreement on the significance of plasma concentration monitoring 
in achieving greater safety in the treatment of elderly patients. This agree­
ment should be seen in relation to the expected increase in undesired effects, 
in particular cardiovascular reactions in the elderly who may display higher 
plasma levels on conventional doses than younger patients do. However, at 
the present time our knowledge of cardiovascular effects of TCA in the 
elderly is rather limited, and the practical value of TCA plasma concentra­
tion monitoring has not been studied systematically. 

At the Clinical Psychopharmacology Research Unit at Odense Univer­
sity, therefore, we have established a standardized investigation program for 
elderly depressed patients treated with various TCA. Patients above 60 
years of age with endogenous depression are examined in the research 
program that includes the following: (1) an open, controlled TCA treatment 
schedule with plasma level monitoring with 1 week on placebo and then 6 
weeks of active treatment; (2) registration of diagnoses, degree of depres­
sion and effect of treatment by use of diagnostic and quantitative rating 
scales; (3) weekly registration of orthostatic blood pressure (BP) reaction 
(6 min standing); (4) systolic time interval and 24 h monitoring of 
electrocardiogram in the placebo week, and in the second and third week of 
active therapy. 

So far we have used this study design in patients treated with imipramine 
(lMI) and nortriptyline (NT). In this paper, comparable results for the two 
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drugs concerning orthostatic hypotensive effect and changes in systolic time 
intervals (STI) in relation to drug plasma levels will be discussed. For further 
details, see Thayssen et al. (1980). 

THE HYPOTENSIVE EFFECT OF IMIPRAMINE AND 
NORTRIPTYLINE 

Recently Glassman et ai. (1979) concluded from a study on the hypotensive 
effect of IMI in depressed patients that (1) there was no tendency to 
diminished orthostatic reaction or decreased frequency of subjective 
hypotensive symptoms over time (4 weeks' treatment); (2) the orthostatic 
BP drop was independent of age, sex, plasma levels (lMI + desipramine 
(DMI» and pre-existing heart disease; (3) the best predictor of orthostatic 
hypotension during treatment was the degree of orthostatic BP drop before 
treatment. 

In our study on IMI, dose-dependent kinetics (Bjerre et ai., 1980) and 
hypotensive reactions resulted in variable and low or subtherapeutic plasma 
concentrations (2nd week: IMI+ DMI 54-319 ngml-I, median 
74 ng ml- I ). 

In spite of this we found a statistically significant increase in orthostatic BP 
drop from the placebo week to active treatment (figure 1). In two female 
patients this increased drop in orthostatic systolic blood pressure caused a 
fall and fracture of the collum femoris. The supine BP was not significantly 
influenced by 1M!. Our results suggest a more pronounced effect on the 
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Figure 1 Systolic orthostatic blood pressure drop before and during imipramine 
treatment in 11 elderly patients (age 62-84 years). Starred points indicate fall with 
fracture. 
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orthostatic BP with increasing drug levels affecting as much the duration of 
the BP drop as the maximal magnitude of the BP drop. This pattern was very 
clear in a 79 year old woman that was followed during the days immediately 
before and after discontinuation of the IMI treatment (figure 2). It can be 
seen that the systolic BP slowly normalized after discontinuation of the IMI 
treatment. Even within 24 h, a quicker return to normal systolic BP can be 
seen when the patient stands up, but the immediate BP drop is unchanged. 
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Figure 2 Systolic blood pressure in supine position (S) and after 1-7 min standing 
in an imipramine-treated 79 year old female patient. 

In contrast to Glassman et al. (1979), we found a moderate positive 
correlation between orthostatic BP drop and the IMI levels (rs = 0.38), 
whereas there was no correlation to the DMI levels. The data from the 79 
year old woman followed after discontinuation also illustrates this (figure 3). 
The reduction in average systolic BP drop closely followed the decline in 
IMI plasma concentration, both being about 50 percent after the first 24 h, 
whereas the DMI level had only dropped 15 - 20 percent at this time. 
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Figure 3 Systolic orthostatic blood pressure drop before (0) and after (1-6) 
discontinuation (-+-) of imipramine treatment in a 79 year old female patient. 
A verage of systolic pressure during BP drop the first 6 min standing. 

As stated by Glassman et al. (1979), the best predictor of orthostatic 
hypotension during IMI treatment was the degree of orthostatic reaction 
before treatment. As shown in figure 1, our limited material did not indicate 
a similar relationship, but the two patients with falls and fractures were 
among those patients with the largest orthostatic BP drop in the placebo 
period. 

In contrast to IMI, NT only caused a moderate, and clinically not 
significant, drop in orthostatic BP. Ten elderly endogenously depressed 
patients of age 61-84 (mean 70 years) all with therapeutic NT levels (2nd 
week: 45-185 ng ml-1) were studied. In none of these patients were 
troublesome hypotensive effects seen, and the orthostatic BP reaction was 
significantly lower than after IMI treatment (Thayssen et al., 1980). The 
difference between IMI and NT is illustrated in figures 2,3,4 and 5, which 
show the hypotensive effect of the two drugs in the same patient. This 79 
year old female patient was treated on two occasions with IMI and later with 
NT. Although the effect of NT was less pronounced than for IMI, the effect 
of increasing plasma concentration was the same (figure 5), influencing 
more the duration of BP drop while standing than the magnitude of the 
orthostatic BP drop (figures 2 and 4). These results with NT accord with 
those of Freyschuss et al. (1970) who studied 40 younger patients treated 
with NT (mean age 44 years) and found no change in postural BP. It seems, 
therefore, justified to conclude that NT treatment does not give rise to 
clinically significant hypotensive effects in any age group. 
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Figure 4 Systolic blood pressure in supine position (S) and after 1-6 min standing 
in a nortriptyline-treated 79 year old female patient. 
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Figure 5 Correlation between imipramine (0) or nortriptyline (e) plasma con­
centration and average drop in systolic blood pressure (6 min) in a 79 year old female 
patient. 
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SYSTOLIC TIME INTERVAL MEASUREMENTS DURING 
IMI AND NT TREATMENT 

During IMI treatment we found no changes in the ratio pre-ejection period 
(PEP) or the PEP/L VET ratio (L VET: left ventricular ejection time). These 
results contrast with earlier studies (Burgess et aI., 1979; Raeder et al., 
1978; Taylor and Braithwaite, 1978). The relatively low plasma levels 
(IMI + DMI) in our patients may possibly explain these differences. Our 
results for NT indicate that this drug significantly influences PEP and the 
PEP/LVET ratio (Thayssen et aI., 1980). These results agree with earlier 
studies (Taylor and Braithwaite, 1978) in which a significant correlation 
between PEP and the ratio PEP/L VET and NT plasma concentrations was 
found. 

Within the plasma NT concentration range, in our patients the changes in 
STI were the same as those found by Taylor and Braithwaite (1978) in their 
investigation involving mostly younger patients (age 22-71, mean 46 years, 
n = 8). These results suggest that impairment of ventricular contractility in 
elderly is of the same magnitude as in younger patients. This is in accordance 
with an earlier investigation in which no cardiotoxicity was observed in 
elderly depressed patients during NT treatment controlled by plasma con­
centration measurements (S(/jrensen et al., 1978). 

Due to the low plasma concentrations in the IMI -treated patients (low or 
subtherapeutic levels) compared to the NT-treated patients (therapeutic 
levels) the significance of the weaker effect of IMI on the STI measurement 
is difficult to assess. 

CONCLUSION 

The data from our research program have pointed out some clinically 
significant differences between IMI and NT in the treatment of elderly 
depressed patients. 

The disproportionality between dose and steady state levels of the 
metabolite DMI (Bjerre et al., 1980), and the sometimes severe orthostatic 
hypotension occurring at subtherapeutic drug levels, seriously limits the use 
of IMI in the elderly. Possibly the orthostatic BP reaction can be predicted 
from pretreatment values, but the present data are not sufficient to establish 
the absolute safety of this procedure. For NT this study, in line with earlier 
observations in the elderly (Kragh-S(/jrensen and Larsen, 1980), showed 
direct proportionality between dose and steady state levels. The hypotensive 
effect of therapeutic levels of NT was clearly less pronounced than that of 
IMI and did not require dose reduction in any of the patients. A possible risk 
associated with the use of NT in the elderly might be indicated by the 
changes in STI, but the clinical significance of these moderate changes is not 
clear. Altogether NT treatment guided by drug level monitoring and 
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maintenance of therapeutic plasma levels seems to be reasonably safe in the 
elderly. 

Systematic studies on the use of other antidepressants in elderly patients 
are needed, however. 
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Neurological side effects and plasma and 
CSF levels 

Goran Sedvall 
(Laboratory of Experimental Psychiatry, Department of Psychiatry, 

Karolinska Institutet, 10401 Stockholm, Sweden) 

INTRODUCTION 

The occurrence of neurological symptoms of extrapyramidal type represents 
a major problem in the treatment of schizophrenic patients with antipsycho­
tic drugs. Some of these symptoms were described a few years after the 
introduction of chlorpromazine (CPZ) in psychiatry. Delay and Deniker 
(1961) included them in their 'syndrome neuroleptique', a symptom complex 
they considered to be typical for the new antipsychotic drugs that were 
introduced during the 1950s. It has been estimated that between 40 and 50 
percent of the population of schizophrenic patients develop these symptoms 
during treatment with the different types of neuroleptics that are currently 
available on the market. 

Two types of extrapyramidal manifestations with different clinical pic­
tures and probably also different pathophysiological backgrounds have been 
shown to occur (table 1): 

Table 1 Neurological manifestations 
during neuroleptic treatment 

Acute: Pseudoparkinsonism 
Acute dystonia 

Late: Tardive dyskinesia 

(1) Pseudo parkinsonism usually appears early during the treatment. It is 
often dose-dependent and is conventionally treated by dose reduction or the 
administration of anticholinergic drugs. Typically it involves all the major 
symptoms of the Parkinson syndrome, that is, akinesia, rigidity, tremor and 
salivation. Acute dystonia also occurs early during treatment. It has an 
irregular appearance and is responsive promptly to the administration of 
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anticholinergic drugs. This side effect is manifested by tonic contractions of 
the tongue, mouth and masticatory muscles. 

Both pseudoparkinsonism and acute dystonia are considered to be related 
to the blockade of dopamine (DA) receptors in the basal ganglia. These 
acute extrapyramidal symptoms can be produced by all the neuroleptic 
compounds available on the market. The highest frequencies of these 
manifestations are obtained, however, by phenothiazine, thioxanthene and 
butyrophenone compounds with piperazine groups in the side chains. These 
compounds are also known to have the strongest potency in blocking 
receptors for DA in the basal ganglia. 

(2) Tardive dyskinesia typically appears after several years of treatment 
with neuroleptic drugs, but it can also manifest itself during the first month 
of treatment. The symptoms consist of rapid movements of the tongue, lips 
and jaws. These symptoms are not amendable to treatment byantiparkinso­
nian drugs. Moreover, they have a tendency to increase during withdrawal of 
the neuroleptic compounds that produce them. In many patients tardive 
dyskinesias have been shown to be irreversible. They seem to occur in a high 
frequency in older patients but they can also be seen in young individuals in 
early phases of treatment. The pathophysiological mechanism involved in 
the syndrome is still unclear. However, development of supersensitive DA 
receptors and irreversible toxic effects involving cell loss in the basal ganglia 
have been suggested. 

The acute as well as the late appearing neurological symptoms have been 
shown to occur with phenothiazine, thioxanthene and butyrophenone 
neuroleptics. These types of neurological signs do not appear during treat­
ment with other types of psychoactive compounds such as tricyclic antidep­
ressants, monoamine oxidase inhibitors or s"edatives. Therefore, it has been 
generally recognized that these symptoms are part of the pharmacodynamic 
effect spectrum of neuroleptics and are not related to the production of 
specific toxic drug metabolites or other pharmacokinetic variables. This is 
one reason why the neurological symptoms of antipsychotic drug treatment 
have been studied predominantly by groups interested in phar­
macodynamics whereas groups interested in pharmacokinetics have paid 
relatively little attention to them. The rather irregular appearance of the 
extrapyramidal symptoms in a fraction of the patients treated with neurolep­
tic drugs represents another problem for the quantitative analysis of this 
type of side effect in relation to pharmacokinetic variables. 

PHARMACOKINETICS AND ACUTE EXTRAPYRAMIDAL 
SYMPTOMS 

A number of studies have indicated that the appearance of Parkinsonism 
during antipsychotic drug treatment is related to the dosage administered. It 
seems logical to assume that this relationship is du.e to the accumulation of 
high tissue concentrations in high dose treatment with neuroleptics. These 
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high concentrations should then directly cause the appearance of the side 
effect. However, only few studies have been designed to give an answer to 
this question. 

A few years ago we were interested in analyzing the possible occurrence of 
relationships between concentrations of CPZ in plasma and cerebrospinal 
fluid (CSF) and various clinical effect profiles in schizophrenic patients 
(Wode-Helgodt et al., 1978). For this purpose we designed a study where 
schizophrenic patients were given CPZ for 4 weeks in fixed doses. The 
general protocol of the study is depicated in figure 1. On a blind basis 
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Figure 1 Protocol for chlorpromazine study. 

patients were given 200, 400 or 600 mg of CPZ per day. Ratings of 
psychopathology and side effects were performed after 2 and 4 weeks' 
treatment. At the same time intervals, concentrations of CPZ in serum and 
CSF were determined by mass fragmentography (Alfredsson et al., 1976). 
The occurrence of extrapyramidal symptoms of acute type were rated 
according to a modified version of the Simpson and Angus rating scale 
(Simpson and Angus, i 970; table 2). The items that were rated on the basis 

Table 2 The modified Simpson and Angus rating scale 

Observed items Reported items 
1. Gait 7. Somnolence 
2. Elbow rigidity 8. Muscular tension 
3. Tremor 9. Tremor 
4. Salivation 10. Dry mouth 
5. Akathisia 11. Increased salivation 
6. Dystonia 12. Constipation 

13. Trouble starting urine 
14. Ejaculation disturbance 
15. Potency disturbance 
16. Amenorrhea 
17. Lactation 
18. Blurred vision 
19. The head feels heavy 
20. Headache 
21. Vertigo 
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of observation were gait, elbow rigidity, tremor, salivation and dystonia. 
Rating scores obtained in these items were added and were assigned to 
represent a global measurement of observed extrapyramidal symptoms 
(~6EP). 

Table 3 Observed side effects in CPZ-treated psychotic patients 

Men Women 

Dose CPZ (mg) 200 400 600 200 400 600 
n 5 5 5 8 8 7 

Freq. Freq. Freq. Freq. Freq. Freq. 
Item % % % % % % 

1. Gait 
2 weeks 20 0 20 0 0 14 
4 weeks 20 40 40 0 12 43 

2. Elbow rigidity 
2 weeks 20 20 0 0 25 29 
4 weeks 40 40 40 0 37 57 

3. Tremor 
2 weeks 20 60 60 12 50 86 
4 weeks 40 20 40 0 37 57 

4. Salivation 
2 weeks 0 0 0 0 12 14 
4 weeks 0 0 0 0 0 14 

5. Akathisia 
2 weeks 0 0 0 0 12 0 
4 weeks 0 0 0 0 25 14 

6. Dystonia 
2 weeks 0 0 0 0 0 0 
4 weeks 0 0 20 0 0 14 

Table 3 presents the frequency of patients that displayed different types of 
side effects. The occurrence of gait disturbance, elbow rigidity and tremor 
were the most predominant side effects observed. Approximately 50 per­
cent of the patients exhibited these side effects after 4 weeks treatment with 
the highest CPZ dose. Salivation and dystonia appeared to occur in a lower 
frequency. The rating of the global score of acute neurological signs and its 
relationship to the dose of CPZ administered in men and women is shown in 
figure 2. In both sexes there appears to be a relationship between the total 
amount of neurological symptoms and the dose of CPZ administered. The 
results obtained gave no indication for a sex difference in the occurrence of 
these side effects. 

Concentrations of CPZ and two of its active metabolites, desmethylchlor­
promazine and 7 -hydroxychlorpromazine (7 -OH -CPZ) were determined in 
the plasma of these patients on the same occasion as the rating of ex­
trapyramidal symptoms was performed. CSF concentrations of CPZ were 
also determined. This design allowed an analysis of the possible relation-
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Figure 2 Extrapyramidal side effects during CPZ treatment. 

ships between the neurological side effects and the drug concentrations in 
these body fluids. The drug concentrations obtained in plasma are presented 
in figure 3. CPZ occurs in the highest amount in plasma. The two metabo­
lites occur in concentrations which are less than 20 percent of the concentra­
tion of the parent compound. There is a clear-cut relationship between the 
dosage of CPZ administered and the mean concentrations of the metabolites 
in plasma. Also, similar relationships were obtained for the CPZ concentra­
tion in CSF. The analysis of the quantitative relationships between different 
pharmacokinetic variables as the dose and the concentration of CPZ in the 
body fluids is presented in' table 4. There are highly significant correlations 
between the CPZ concentration in the CSF and the extrapyramidal global 
score after 4 weeks of treatment. There was also a significant correlation 
with the dose of CPZ, but the highest correlation coefficients for the side 
effects were with the CPZ concentration in CSF. 

Table 4 Relationships (r) between pharmacokinetic data and acute extrapyramidal 
side effects ~6a> in CPZ-treated psychotic patients 

Duration of treatment 

2 weeks 4 weeks 

Sex M+F M F M+F M F 
n= 31 12 19 28 12 16 

CPZ dose (mg) 0.51:1: 0.39 0.56:1: 0.57§ 0.59· 0.54· 
CPZ dose (mg kg- I) 0.36· 0.31 0.39 O.44t 0.49 0.38 
CPZ conc. in plasma 0.50:1: 0.12 0.71§ 0.68§ 0.53 0.73:1: 
CPZ conc. in CSF 0.53:1: 0.33 0.62:1: 0.71§ 0.75t 0.73:1: 

r=Spearman's rank correlation. 
• P<O.OOI. :l:P<0.02. 
tP<O.Ol. §P<0.05. 
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Figure 3 Chlorpromazine and metabolites in plasma from patients treated with 
three different doses. 

These observations, obtained in a double-blind study, clearly indicate the 
occurrence of quantitative relationships between the frequency and inten­
sity of acute neurological symptoms and drug concentrations in the body 
fluids of CPZ-treated patients. This kind of result is generally encouraging 
to the clinical psychiatrist and indicates that behavioral neurological symp­
toms can be reliably and validly measured by a conventional rating scale. 
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The results are also compatible with the view that the concentration of 
unchanged CPZ in the central nervous system (CNS) is directly responsible 
for the manifestation of the neurological side effects in CPZ-treated 
patients. 

In our earlier studies, we found that the sum of the CPZ and active 
metabolite concentrations of the plasma did not result in any higher correla­
tion with the occurrence of extrapyramidal symptoms than the CPZ con­
centration did. On the basis of this, we made the tentative suggestion that the 
active metabolites of CPZ (which, in plasma, constitute only a minor 
fraction of the concentration of the parent compound) did not markedly 
participate in the production of extrapyramidal symptoms. At that time, our 
mass fragmentographic methodology did not allow the reproducible quan­
tification of the active metabolites in the CSF. Later, however, an improve­
ment of the sensitivity for estimation of 7 -0 H -CPZ in CSF has allowed us to 
do quantitative estimates of the concentration of this metabolite also in 
drug-treated patients. The results obtained indicate that the proportion of 
7-0H-CPZ in relation to the parent compound is higher in CSF than in 
plasma. Thus, whereas in the plasma the concentration of 7-0H-CPZ is 
much lower than that of CPZ, they are of the same magnitude in the CSF 
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Figure 4 Correlation between serum and CSF levels of CPZ and 7-0H-CPZ. 

(figure 4). So far we have not been able to do any quantitative blind study on 
the relationship between the concentration of 7-0H-CPZ in CSF and the 
occurrence of different clinical effect variables in drug-treated patients. 
Therefore we can not as yet exclude the possibility that 7-0 H -CPZ also 
plays a major role in some of the pharmacodynamic effects of CPZ treat­
ment (figure 4). 
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PROTEIN BINDING OF CHLOPROMAZINE IN CSF 

In our earlier studies on CPZ concentrations in CSF, we found that the 
concentration in CSF was, on the average, 2- 3 percent of the plasma 
concentration (Alfredsson et al., 1976). Subsequent studies demonstrated 
that the degree of protein binding of CPZ in plasma is about 99 percent, 
which signifies a free fraction of only 1 percent. This finding necessitated a 
modification of our initial hypothesis that the CPZ concentration in the CSF 
reflects the free fraction in plasma. One reason for the unexpectedly high 
CPZ concentration in CSF could be a significant degree of protein binding of 
CPZ in this body fluid. With the use of equilibrium dialysis and CPZ­
saturated chambers we have now initiated a systematic study on the protein 
binding of CPZ in CSF (Alfredsson andSedvall, 1981). We found that there 
is a significant degree of protein binding of CPZ in CSF. There is also a 
marked individual variation (figure 5). The degree of binding of CPZ added 
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Figure 5 Protein binding of chlorpromazine in CSF. 

in vitro is similar to the degree found during the in vivo treatment of patients. 
Serum diluted to the same protein concentration as in the CSF gives about 
the same protein binding of the drug as found in native CSF (figure 6). 

The marked interindividual variation in the degree of protein binding of 
CPZ in CSF is an important factor which further complicates the possibility 
of finding high correlations between drug concentrations in this body fluid 
and clinical and biochemical effect variables. However, the possibility of 
compensating for the individual variation by measurement of protein bind­
ing in equilibrium dialysis should theoretically make it possible to reduce 
this variation. 
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Figure 6 Protein binding of chlorpromazine in solutions with different protein 
concentrations. 

GENERAL CONCLUSIONS 

The present study clearly demonstrated the possibility of finding significant 
correlations between the occurrence of extrapyramidal side effects of the 
acute type and drug concentrations in the body fluids of CPZ-treated 
patients. However, the occurrence of active CPZ metabolites in high 
concentrations in the CNS and the marked degree of protein binding of CPZ 
and possibly also its metabolites in CSF complicates the possibility of 
drawing firm conclusions about the role of different pharmacokinetic vari­
ables for extrapyramidal manifestations. Further studies on the possible 
relationship between free CPZ concentrations in the CSF and quantitative 
aspects of the acute neurological symptoms during neuroleptic treatment 
may turn out to be useful for further analyzing the pathophysiology of these 
highly disturbing symptoms. 
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INTRODUCTION 

During the last two and one-half decades, neuroleptic medications have 
provided both a practical efficacious treatment for schizophrenia (Davis et 
ai., 1975), and a theoretical framework for investigating psychoses and 
movement disorders. Tardive dyskinesia (TD), a potentially irreversible 
neurological syndrome of involuntary hyperkinetic movements in the oral, 
facial, limb and truncal regions, is linked with chronic use of neuroleptics 
and poses a critical problem in the long term management of schizophrenia. 
The pathophysiological basis underlying the development of TD is yet to be 
completely clarified, but evidence indicates that it involves at least a primary 
reduced dopamine (DA) neurotransmission followed by relative DA over­
activity that has been characterized as DA receptor hypersensitivity, and 
perhaps involves specific subtypes of DA receptors. This may lead to an 
imbalance between the reciprocal DA and acetylcholinergic influences in 
the nigrostriatal systems. In addition, recent studies in animal models of 
movement disorders have suggested that neuroanatomical and neurochemi­
cal interrelations in the basal ganglia which are mediated by GABA and the 
endorphins may also playa role in TD (Tarsy and Baldessarini, 1976; 
Gerlach, 1979a; Jeste and Wyatt, 1979; Mackay and Sheppard, 1979). 

To increase our understanding of the mechanisms of irreversible TD, we 
conducted a series of pharmacological trials with agonists and antagonists of 
the central nervous system (CNS) neurotransmitters DA, acetylcholine, 
GABA, and peptide fragments of the ~-lipotropin hormone61_91 
(~-LPH61-91)' With this approach, hypotheses that evolve from animal 
models can be tested in the clinic, the relative importance of disturbances in 
neurotransmitters can be investigated, and ultimately, leads for new 
therapeutic agents can be identified and evaluated. 
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METHODS 

The research methods described below were generally applied in all the 
investigations. Psychiatric in-patients who had received neuroleptics for 2 
years or more, had stable TD for at least 6 months prior to the investigations, 
and who were physically healthy gave informed consent to participate in 
these controlled trials. Baseline medications being taken at the time a study 
was initiated were continued throughout the entire investigation. Since the 
symptoms of TD and other movement disorders can fluctuate due to 
non-specific factors, a placebo period at the beginning and end of each 
long-term drug trial was used to control for non-specific effects. In the 
design that utilized single dose injections over a wide dosage range, a 
placebo was used so that drug effects could be compared to placebo as well 
as to each other. 

Tardive dyskinesia and parkinsonian symptoms were recorded at regular 
intervals on videotapes during a standardized examination that included 
sitting, standing, walking, distraction by conversation, and performing 
voluntary movements of non-affected muscle groups, such as writing. 
Recordings of 5 min duration were made at the same time each day. Scoring 
of symptoms from the randomly sequenced videotapes was done by raters 
who were experienced in evaluating movement disorders, and who were 
blind to the treatment protocol. The rating scale for TD included evaluations 
of the eight body regions: jaw, tongue, lips, face, head, trunk, and lower and 
upper extremities. Scoring ranged from 0 to 6 (absent to severe) for each 
body region assessed during the examination (Gerlach, 1979a). Parkin­
sonian symptoms were rated with a modified Webster's Scale and were 
scored from 0 to 3 (absent to severe) (Webster, 1968). 

Statistical analyses of the drug effects on TO and parkinsonism were done 
with Wilcoxon's test for paired differences, unless otherwise specified. 

DOPAMINE AND TARDIVE DYSKINESIA 

Tardive dyskinesia is hypothesized to develop, at least in part, from a 
primary reduced DA neurotransmission followed by a compensatory rela­
tive DA overactivity, perhaps as OA receptor hypersensitivity. From this 
pathophysiologic point of view, the following four aspects of the relationship 
between DA and TD will be discussed: (1) the antihyperkinetic effect of 
different types of antidopaminergic drugs on TD; (2) the potential of 
antidopaminergic drugs to induce DA hypersensitivity and develop or 
aggravate TD; (3) the hypothesis of DA receptor modification, suggesting 
that DA receptor hypersensitivity may be reversed by treatment with DA 
agonists; (4) the ability of antidopaminergic drugs to induce not only 
parkinsonism and dystonia but also hyperkinesia in the initial phase of 
treatment. 
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Antihyperkinetic effect of antidopaminergic drugs 

All CNS antidopaminergic drugs have antihyperkinetic effects. These influ­
ences, however, vary from drug to drug, depending on (1) striatal an­
tidopaminergic potency; (2) inherent anticholinergic effect; (3) mechanisms 
of action (pre- and postsynaptic receptor blockade, presynaptic 
catecholamine depletion, or synthesis inhibition); (4) dosage; and (5) 
sedative effect. Therefore, it is not possible to characterize in a specific, 
simple formula the antihyperkinetic effects of individual drugs. 

To illustrate the antihyperkinetic potency of various antidopaminergic 
drugs, figures 1 and 2 show the TD scores before, during, and after 
treatment with various receptor-blocking neuroleptics and the 
catecholamine synthesis inhibitor a-methyl-p-tyrosine (AMPT). 
Haloperidol, a potent OA receptor-blocker, strongly suppressed TO (figure 
1). This observation is in accordance with other clinical studies showing that 
haloperidol (Kazamatsuri et al., 1972) and another specific antidopaminer­
gic drug, pimozide (Claveria et aI., 1975), markedly decreased TO. 
Thioridazine, a weaker OA receptor-blocker, also has antihyperkinetic 
effects, although less than haloperidol (p<O.05) (figure 1). The antihyper­
kinetic effect of thioridazine and other 'high dose' neuroleptics might 
intensify in the course of prolonged treatment, however (Gerlach and 
Simmelsgaard, 1978). This could also apply to clozapine which has only 
minimal or no antihyperkinetic effect in short term studies (Gerlach et al., 
1975; Gerlach and Simmelsgaard, 1978), but more pronounced suppression 
of TO during long term treatment (Simpson et al., 1978). 

Successful suppression of TD may involve producing or aggravating 
parkinsonism (Claveria et al., 1975; Gerlach and Simmelsgaard, 1978). This 
problem can partly be managed by using selective type 2 DA receptor 
antagonists like sulpiride and oxiperomide (Casey et aI., 1979; Casey and 
Gerlach, 1980). These drugs differ in some respects from the classical 
neuroleptics (Kebabian and Caine, 1979). They inhibit apomorphine­
induced stereotyped behavior but do not induce marked catalepsy, and 
increase DA turnover and prolactin secretion without inhibiting the DA 
stimulation of adenylate cyclase (Jenner et al., 1978). In two separate 
studies, sulpiride and oxiperomide significantly suppressed TD (figure 2). 
The parkinsonian score did not significantly change during the treatment but 
minimally increased in a few patients with pre-existing symptoms of 
hypokinesia and tremor. During the final placebo phase, TD and parkin­
sonian scores returned to their baseline level, which suggests that separate 
mechanisms, at least in part, control hypokinesia and hyperkinesia, and 
should be further investigated. 

AMPT decreased TD approximately 50 percent (figure 2). The move­
ments became slower and in seven out of 24 cases they stopped entirely. The 
effect of AMPT, in general, is weaker than the effect of postsynaptic DA 
receptor blockers, not only as an antihyperkinetic drug, but also as an 
antischizophrenic agent (Magelund et aI., 1979). 
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Figure 1 Mean hyperkinesia scores for 16 psychiatric patients with tardive dys­
kinesia. Each patient was first treated with thioridazine (THIO) for 3 months. After 
4 weeks without medicine the patients were treated with four different neuroleptic 
periods of haloperidol (HAL), haloperidol + biperiden (HAL + BIP), THIO, and 
c10zapine (CLOZ), all of 4 weeks' duration and all interrupted by 4 weeks without 
drugs. The columns represent mean scores at the end of the treatment periods and 
the following drug-free periods (Gerlach and Simmelsgaard, 1978). 
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Figure 2 Mean hyperkinesia scores from clinical trials with sulpiride, oxiperomide, 
and a-methyl-p-tyrosine (AMPT). Eleven patients were included in the sulpiride 
study, 10 in the oxiperomide study, and 24 in the AMPT study. The treatment 
periods for sulpiride and oxiperomide were 6 weeks; for AMPT, 3 days. The columns 
represent mean hyperkinesia scores before and at the end of the active treatment 
periods. A final placebo period of 4 weeks was included in the sulpiride and 
oxiperomide trials (Gerlach and Thorsen, 1976; Casey et al., 1979; Casey and 
Gerlach, 1980). 
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The potential of antidopaminergic drugs to induce TD 

There is considerable evidence that neuroleptics can induce reversible or 
irreversible TD in predisposed subjects. At least three factors in the 
neuroleptic treatment may contribute to this effect: dosage, duration of 
treatment, and type of neuroleptic drugs used. Many retrospective 
epidemiological studies have attempted to clarify the relationship between 
these factors and the development of TD, but the results have been 
divergent and inconsistent. This might be expected, however, if the predis­
posing vulnerability of the individual to TD is of greater importance than the 
varying doses and duration of tlreatment. More valid data may come from 
the development of TD in single vulnerable subjects (monkeys or humans), 
and such observations suggest that individual predisposition (Gunne and 
Barany, 1979; Casey et al., 1980a) and possibly the dose and duration of 
treatment are associated with TD onset. 

The question whether some neuroleptics are more liable to induce TD 
than others may be approached in the same way. Although retrospective 
studies suggested that there is no obvious difference between the ability of 
particular neuroleptics to induce TD (Crane, 1973; Gardos et aI., 1977), the 
prospective study summarized in figure 1 (Gerlach and Simmelsgaard, 
1978) showed that after treatment with haloperidol at 5 mg per day TD was 
more intensive than after the initial treatment with thioridazine at 250 mg 
per day (p<O.Ol). These results suggest that haloperidol is more potent 
than thioridazine in its ability to suppress and produce rebound aggravation 
of TD. This observation is supported by studies in monkeys in which 
exacerbation of irreversible TD following a challenge dose of haloperidol 
(0.05 mg kg-I) was more prolonged than the corresponding reaction to 
thioridazine (1 mg kg-I) (Gunne and Barany, 1979). In addition, studies in 
rodents have demonstrated that the degree of DA hypersensitivity is related 
to the potency and the duration of DA receptor-blocking effect (Christen­
sen et al., 1976; Hyttel, 1977).. On the other hand, figure 1 represents 
treatment periods of only 4 weeks, and a second thioridazine treatment 
resulted in rebound hyperkinesia of the same intensity as haloperidol 
treatment. 

Whether the proposed D-2 re:ceptor blockers are more or less likely to 
produce or affect TD than the classical neuroleptics cannot be concluded 
from the available data. Though the hypotheses about relationships between 
the different DA receptors, pharmacologic effects, and various dyskinesias 
are intriguing, these suggestions are unsubstantiated and must be tested in 
comparative clinical trials and with animal models of TD. 

The introduction of c10zapine raised expectations that it would be possible 
to obtain an antipsychotic therapy without neurological side effects. In 
animal studies, c10zapine differed from the classical neuroleptics by inducing 
catalepsy and antagonizing apomorphine and amphetamine stereotypes 
only in very high doses (Bartholini et al., 1972) or on intrastriatal application 
(Fog, 1975). Sayers et al. (1975) found that c10zapine could antagonize DA 
receptor hypersensitivity by a mechanism other than blockade of DA 
receptors. Thus the hypothesis was proposed that c10zapine possessed 
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antihyperkinetic effects without increasing the risk of further aggravating 
TD, but clinical studies do not suggest any acute marked antihyperkinetic 
effect. On the other hand, clozapine produced no initial neurological side 
effects, and in clinical doses did not induce signs of DA hypersensitivity in 
rodents (Christensen et al., 1976; Sayers et al., 1976), monkeys (Gunne and 
Barany, 1979), or of TD in humans (Gerlach etal., 1975). 

These observations suggest that the TD-inducing effect of neuroleptic 
treatment is related to a complex interaction between individual vulnerabili­
ty, the degree and duration of antidopaminergic treatment, and possibly the 
type of neuroleptic drug. 

The effect of DA agonists 

Recent animal studies have shown that both the biochemical and behavioral 
signs of DA hypersensitivity are decreased after prolonged treatment with 
L-Dopa (Ezrin-Waters and Seeman, 1978; Friedhoff et aI., 1980). This 
suggests that L-Dopa, by counteracting DA hypersensitivity, may have some 
therapeutic effect in TD. A preliminary study supports this assumption 
(Alpert et al., 1976). However, in elderly patients with irreversible TD the 
reduction in hyperkinesia was small after Madopar (L-Dopa + benserazine) 
600 mg (corresponding to 3000 mg L-Dopa) per day for 4 weeks; in patients 
on neuroleptic treatment, Madopar 900 mg (corresponding to 4500 mg 
L-Dopa) had no effect (Gerlach, 1979b). 

This result was confirmed in a subsequent trial with Madopar up to 
1600 mg (corresponding to 8000 mg L-Dopa) for 8 weeks (Bj0rndal etal., 
1980a). In one patient not receiving neuroleptics, only a slight improvement 
occurred; otherwise, no clinically significant effect on TD was observed, 
though four patients experienced psychotropic effects of depression, in­
creased psychosis, or activation. In addition, the DA agonists bromocriptine 
and CF 25-397 failed to affect TD (Tamminga and Chase, 1980). These 
results suggest that factors other than reversible DA hypersensitivity may be 
involved in the pathophysiology of TD. For example, an increased vulner­
ability of an underlying 'reduced buffer capacity' may be an important 
variable in determining the development and response to treatment of 
irreversible TD (Gerlach, 1979a). 

Another complicating initi2d syndrome 

Finally, it should be noted that not only parkinsonism, but also hyperkinetic 
movements very much resembling TD occur relatively early in neuroleptic 
therapy. Delay and Deniker (1969) identified hyperkinesia as well as 
dystonia in relation to acute and subacute neuroleptic treatment, though in 
later literature this syndrome has only been recognized in case reports or as 
part of acute dystonia (Gerlach et al., 1974; Casey and Denney, 1977). 
Initial hyperkinesia may occur alone or in connection with acute dystonia, 
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parkinsonism, and/or akathisia, and decreases when the neuroleptic treat­
ment is reduced or when anticholinergic treatment is started or increased. 

Slightly simplified, the hypothesis has been stated that the initial 
neurological side effects depend on DA receptor blockade and increased 
activity in the cholinergic and DA neurons (Gerlach, 1979a). Parkinsonism 
may be related to accentuated cholinergic turnover, whereas hyperkinesia 
may be related to dopaminergic overactivity. Dyskinesia in the individual 
subject will then depend on the balance between these two influences. 

Later in the course of treatment, when compensatory mechanisms in the 
cholinergic and DA systems have occurred, a disturbed balance between the 
DA and cholinergic systems in favor of DA would result in a more simple 
and relaxed hyperkinetic syndrome, the typical TD (Gerlach, 1979a). 

CHOLINERGIC MECHANISMS AND TARDIVE 
DYSKINESIA 

Cholinergic hypofunction is a purported pathophysiological factor underly­
ing TD, possibly interacting with DA receptor hypersensitivity. Conse­
quently, anticholinergic drugs can uncover latent TD or aggravate existing 
TD (Klawans, 1973; Gerlach et al., 1974; Gerlach and Thorsen, 1976; 
Casey and Denney, 1977). Biperiden, an anticholinergic drug, given to­
gether with haloperidol, markedly reduced the antihyperkinetic effect of 
haloperidol (p<O.01) (figure 1). Since anticholinergics aggravateTD, these 
drugs may also increase the risk of developing TD, though this view has not 
been proven. This theoretical problem has been investigated clinically in 16 
elderly psychiatric patients with TD who were treated with haloperidol and 
haloperidol+biperiden in randomized sequence (Gerlach and Simmels­
gaard, 1978). No significant difference was found between the hyper­
kinesias following the two treatment periods: eight of the 16 patients 
developed fewer hyperkinesias after haloperidol + biperiden than after 
haloperidol, whereas three patients had fewer hyperkinesias after 
haloperidol alone than after haloperidol+biperiden (figure 1). This result, 
however, does not exclude the possibility of a differential effect following 
more prolonged treatment. Though we do not yet know the role of an­
ticholinergics in the pathogenesis of TD, there is ample reason to justify the 
use of anticholinergic antiparkinsonian drugs when signs of neuroleptic­
induced dystonia, parkinsonism, akathisia or initial hyperkinesia are present 
and a reduction in the antidopaminergic treatment is not feasible due to 
psychotic symptoms. On the other hand, routine prophylactic administra­
tion of anticholinergics should be avoided as this will lead to the prescription 
of these drugs for many patients who do not need them. 

Augmenting CNS cholinergic activity has been a logical experimental and 
therapeutic approach to the treatment of TD. Physostigmine, an acetyl­
cholinesterase inhibitor, generally decreased TD, but also had variable 
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effects of either no change, or a temporary aggravation of symptoms 
(Klawans and Rubovits, 1974; Fann etal., 1974, Gerlach etal., 1974, Tarsy 
et al., 1974; Davis et al., 1975; Casey and Denney, 1977; Tamminga etal., 
1977). The first recent attempts to augment the cholinergic system via 
precursor loading were with deanol, whose effect on cholinergic mechan­
isms is unclear (Casey and Denney, 1974; Miller, 1974), but later investiga­
tions found this drug to be generally ineffective (Casey, 1977). Choline has 
moderately reduced symptoms of TD (Davis et ai., 1975; Tamminga et al., 
1977; Growdon et al., 1977), though side effects limit the widespread use of 
this agent. Lecithin (phosphatidylcholine) has also been reported to reduce 
TD (Growdon et al., 1978), but needs to be evaluated further. Though the 
idea that the cholinergic system could be modified by precursor loading is 
theoretically attractive, no compounds have yet been developed that are 
clearly effective and free of side effects. 

GADA AND TARDIVE DYSKINESIA 

Recent investigation of striato-nigral neuronal mechanisms suggests that 
hyperkinetic movement disorders may be modified by increasing CNS 
GABAergic influences (Scheel-Kruger et al., 1979). Gamma-acetylenic 
GABA (GAG) is an irreversible catalytic inhibitor of GABA transaminase 
(GABA-T) that raises brain GABA several-fold in rodents and also de­
creases striatal DA turnover (lung et al., 1977; Schechter et al., 1977; 
Palfreyman et al., 1978). Figure 3 shows the effect of increasing doses of 
GAG at 2 week intervals in nine patients concurrently taking neuroleptics. 
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Figure 3 Mean hyperkinesia scores for nine patients with TD during treatment with 
placebo and increasing doses of gamma-acetylenic GABA (GAG) every 2 weeks 
(Casey etal., 1980b). 
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Tardive dyskinesia scores were significantly reduced (p<O.01) at GAG 
doses of 105 - 225 mg per day when compared with pre- and post-treatment 
placebo scores. There was a significant correlation between the decrease in 
TD scores during GAG treatment and the strength of neuroleptic dose: 
those patients who were taking a high amount of neuroleptic medication had 
substantial improvement with GAG, whereas those patients taking little or 
no neuroleptic medication had minimal effects during GAG treatment. 
Parkinsonian scores increased in the four oldest patients, three of whom had 
mild parkinsonian symptoms prior to GAG. These scores returned to 
pretreatment levels during the final placebo period (Casey et al., 1980b). 

The moderate reduction in TD symptoms during GAG treatment is 
consistent with the proposal that increasing G ABA influences is a potential­
ly useful approach for suppressing involuntary hyperkinetic symptoms of 
extrapyramidal disorders (Chase and Tamminga, 1979). Additional support 
for this suggestion comes from the observation that the GABA agonist 
muscimol, or an active metabolite, also decreased TO (Tamminga et al., 
1979). 

The significantly greater effects of GAG in patients taking higher 
neuroleptic doses suggest that increased GABA influences may reduce TO 
by indirect effects on DA mechanisms. Further support of an interaction 
between GABAergic and DA influences comes from the observation that 
parkinsonian scores increased in those patients who had pre-existing parkin­
sonism.1f clinical doses of sodium valproate affect brain GABA, additional 
support for the suggestion that some GABA effects may occur through 
indirect influences on DA mechanisms comes from a study that found 
valproate alone was ineffective in TD, but potentiated the ability of 
haloperidol to reduce dyskinetic symptoms (Nair and Lal, 1979). The 
negligible to modest effects of valproate, when used alone, in the hyperkine­
tic syndrome of TO (Linnoila etal., 1976; Chien etal., 1978; Gibson, 1978; 
Casey and Hammerstad, 1979) and Huntington's disease (Shoulson et al., 
1976), illustrate the need for continued drug development. Baclofen, a 
structural analog of GABA with unclear effects on GABA mechanisms, 
moderately suppressed TD (Korsgaard, 1976), but potentiated the 
neuroleptic antihyperkinetic effects (Gerlach et aI., 1978; Nair and Lal, 
1979). 

The currently available G ABAergic drugs either have side effects, limited 
efficacy, or a questionable mode of action. These limitations combine with 
the seemingly non-specific effect of altered GABA influences in the dispa­
rate syndromes of TO, Huntington's disease, parkinsonism, and idiopathic 
dyskinesias (Chase and Tamminga, 1979) so that no definitive conclusion 
about the role of GABA in movement disorders can be reached at this time. 

NEUROPEPTIDES AND TARDIVE DYSKINESIA 

The recent identification of endogenous opiate receptors in the CNS has 
spurred great interest in the effects of these neurochemical systems in 
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psychiatric syndromes. As the overlapping hypotheses of altered DA 
mechanisms in schizophrenia and TD have paralleled each other, so have 
the research strategies with investigations of the effects of the neuropeptide 
fragments of ~-LPH61-91' Figure 4 shows the effect of the met-en kephalin 
(~-LPH61-65) synthetic analog (FK 33-824) in TD in comparison with 
morphine 10 mg and the opiate antagonist naloxone 0.8 mg (Bj0rndal etal., 
1980b). The suppression of hyperkinesia scores with FK 33-824 was statisti­
cally significant (p<0.05) 1 h after i.m. injection of 3 mg, though the overall 
clinical impact was only modest. The effects of 1 and 2 mg of FK 33-824 
were nearly identical to the 3 mg effects. In two patients who were concur­
rently receiving a high neuroleptic dose, the hyperkinetic movements disap­
peared completely, whereas the hyperkinesias were only slightly affected in 
the other six patients on minimal or no neuroleptic medication. FK 33-824 
slightly increased parkinsonism in four patients who had parkinsonian 
symptoms prior to this drug trial. The altered parkinsonian symptoms were 
increased bradykinesia, but there was no change in tremor or rigidity. Six 
hours after the injection of FK33-824, the hyperkinesia and parkinsonian 
scores had returned to pretreatment levels. 

No change in the psychiatric state of the patients was observed. Side 
effects were dizziness, a feeling of heaviness in the extremities, slurred 
speech, pursed lips, injection of the conjunctivae, and dryness of the mouth. 
These effects were present 5 - 30 min after the injection and did not parallel 
the time course of the antihyperkinetic actions, though non-specific eNS 
effects may account for some of the antihyperkinetic effect. 

Morphine 10 mg minimally decreased the hyperkinesias for the whole 
group (figure 4), but substantially decreased symptoms in the two patients 
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Figure 4 Mean hyperkinesia scores for patients with TD before and 1 h after 
receiving the met-enkephalin synthetic analogue FK 33-824, morphine, and nalox­
one (Bj0rndal et ai., 1980b). In a separate study, the effect of single doses of 
(des-tyrl)-'Y-endorphin (DT'YE), 4-16 mg, was compared with placebo over a 2 h 
period following intramuscular administration. 



Evaluating Tardive Dyskinesia 379 

who were taking a high neuroleptic dose and who also improved during FK 
33-824. Three of the patients with reduced hyperkinesia scores also showed 
increased parkinsonism. The response to morphine was complicated by side 
effects of drowsiness, dizziness, ataxia, dysarthria, and nausea. 

Naloxone 0.8 mg had no consistent effect on the hyperkinesias or the 
parkinsonian scores (figure 4). No other neurological or mental changes 
were seen following naloxone. 

Recent reports have shown that the f3-LPH62 - 77 fragment, des-tyrosine-'Y­
endorphin (DT'YE) produces behavioral effects in animal models which are 
similar to the effects of neuroleptic drugs, but does not show opiate-like 
activity (OeWied et aI., 1978a, b). Furthermore, OT'YE was reported to have 
antipsychotic activity in schizophrenic patients (Verhoeven et al., 1978, 
1979). In light of these findings in animal and clinical investigations, the role 
of DT'YE was investigated in TO and parkinsonism. Figure 4 shows the effect 
of placebo and DT'YE at single doses of 4, 8, and 16 mg in six patients over 
2 h after receiving the drug. There was no significant '..:hange in TO or 
parkinsonian scores during the 2 h following the injection of OT'YE. Though 
the discovery of the endogenous endorphins has led to many enthusiastic 
investigations of these agents, there has been no consistent effect of either 
the met-enkephalinergic compound, FK 33-824, or the f3-LPH62 - 77, OT'YE, 
in TO or in parkinsonism. The modest antihyperkinetic and parkinsonian­
aggravating effects have been seen only when these drugs were added to 
concurrent relatively intense antidopaminergic neuroleptic treatment, and 
correspond to the effect of putative GABA agonists as discussed above. 
Thus, the early results do not point to a primary role of these specific peptide 
fragments in the pathophysiology or treatment of TD, and suggest that the 
effects of these drugs on OA mechanisms are indirect. 

CONCLUSION 

The pathophysiological mechanisms underlying TD have been partly 
clarified through the systematic approach of pharmacological manipulations 
of putative CNS neurotransmitters. Evidence indicates that OA influences 
are primarily involved in TD, as drugs which decrease the availability of OA 
consistently suppress hyperkinetic symptoms. The role of DA agonists in 
TO, however, remains unclear. Future research must clarify and expand the 
emerging evidence of DA receptor subpopulations and develop compounds 
that translate the biochemical differences identified in the laboratory into 
highly specific agents to be used in the clinic. Only through the formulation 
of new and unique neuroleptics can the hope be realized that drugs will 
successfully treat schizophrenia without the liability of producing TD. A 
separate, but related, line of investigation should focus on the clarification of 
initial hyperkinesia as a clinically similar but pharmacologically distinct 
entity from TD. 

Cholinergic processes playa seconc.:ary and incompletely understood role 
in TD. Additional research is needed to investigate the effects of prolonged 
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alterations in CNS cholinergic mechanisms produced by continuous anti par­
kinsonian drugs. Potentially useful areas of inquiry include developing more 
effective cholinergic agonists and elucidating the effects of precursor loading 
on CNS cholinergic function. At present, neither the GABA nor endorphin 
system seems to playa direct role in the pathophysiology or treatment of 
TO. The indirect effects of these systems on OA mechanisms, however, 
require substantial additional inquiry. Since this area of drug development is 
still in the early stages, there will surely be new GABA compounds and 
molecular subdivisions of ~-LPH to be evaluated both in animal models and 
in the clinic to increase our understanding of TD, other movement disorders, 
and schizophrenia. 
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Neuroleptic-induced 'tardive Tourrette's 
syndrome' and neurotoxicity 

R. Fog and H. Pakkenberg 
(Department E, Sct Hans Hospital, Roskilde, and Department of 

Neurology, Hvidovre Hospital, Denmark) 

Neurological side effects have been associated with neuroleptic drugs since 
these drugs were introduced in the treatment of psychiatric disorders. Acute 
dystonia and parkinsonism may be seen in the initial phases of treatment 
while a hyperkinetic syndrome may develop later. Fauerby et al. (1964) 
named this late syndrome tardive dyskinesia. The frequent irreversibility of 
the syndrome may be regarded as a sign of a potential neurotoxic effect of 
neuroleptic drugs (Gerlach, 1979). 

Most investigations of tardive dyskinesia have concentrated on motor 
dysfunctions in patients; the symptoms have been described as 'extrapyram­
idal side effects', 'bucco-linguo-masticatory syndrome', 'choreiform syn­
drome', etc. There are only few observations of 'psychic' side effects and 
these are, of course, difficult to evaluate since neuroleptic treatment nearly 
always is used for psychiatric disorders. 

In Sct Hans Mental Hospital we have observed three patients with 
Tourette-like symptoms developed after long term neuroleptic treatment 
(table 1). We think that these symptoms may be associated with tardive 
dyskinesia. 

The 'spontaneous' Tourette's syndrome is characterized by childhood 
onset of chronic motor tics and involuntary vocalizations - in many cases of 
obscene words (coprolalia). Our three patients had not had any such 
symptoms before neuroleptic treatment (except for some tendency of 
echopraxia in patient 'E.S.'). After several years of antipsychotic medication 
they developed a 'tardive Tourette's syndrome' consisting of tics, grunting, 
shouting, echolalia and echopraxia. In all three patients the symptoms were 
diminished by antidopaminergic treatment with haloperidol or pimozide 
(Fog and Pakkenberg, 1980). This treatment may also be used in 'spontane­
ous' Tourette's syndrome as well as in tardive dyskinesia. Thus, there seems 
to be a partial overlap between these syndromes. 
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Induced 'Tardive Tourrette's Syndrome' 387 

From animal experiments it has been suggested that tardive dyskinesia is 
associated with dopaminergic supersensitivity (Christensen and M0ller­
Nielsen, 1979). Long term neuroleptic treatment in rats induces biochemi­
cal findings which parallel behavioral findings of enhanced dopamine recep­
tor activity (Clow et ai., 1980). 

We have earlier reported loss of cells in the rat striatum after long term 
treatment with a phenothiazine (Pakkenberg et ai., 1973); long term 
treatment with a thioxanthene may also induce morphological changes in 
certain areas of the rat striatum (Nielsen and Lyon, 1978). These investiga­
tions seem to indicate that long duration of treatment and old age of the 
animals are more important factors than a high dose level (Fog et ai., 1980). 

Tardive dyskinesia as well as 'tardive Tourette's syndrome' may, there­
fore, be attributed to a possible neurotoxic effect of neuroleptic drugs. 

SUMMARY 

Long term neuroleptic treatment may induce tardive dyskinesia; three cases 
are described in which a 'tardive Tourette's syndrome' consisting of tics, 
vocalizations, echolalia, echopraxia, etc., occurred after neuroleptic treat­
ment. These syndromes may be associated with neurotoxic effects of 
neuroleptic drugs since long term treatment with these drugs causes loss of 
cells in the rat striatum. 
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and NE uptake 28 
plasma levels vs response 244 - 5, 

269 
structure 140 
and Vacutainers 180 

2-chloro-10-(3-dimethylamino-2-
hydroxypropyl) phenothiazine 

clinical potency 85 
and DA receptor affinity 85 

chlorpromazine (CPZ) 
and adenylate cyclase 41 , 81 
and antibody to NT 20 
and apomorphine stereotypy 44, 83 
assay 

by mass fragmentography 361 
binding 39, 181, 184, 189 

AAG183 
to albumin 173 
to haloperidol sites 41 
and phospholipids 174 
toRBC 173 
to serum lipoproteins 173 

clinical dose 83, 84 
'CPZ equivalents' 88, 96 
and D A receptor affinity 85 
and extrapyramidal effects 360-5 

and pharmacokinetics 360 - 5 
GLC3 
and haloperidol binding 83, 84 
andlMI205 
metabolism 127 

active metabolites 127, 139 
metabolites 

GLC 129 
pharmacological activity 

131-2 
RRA 84-5,90,114,115 
TLC 129 
urine levels vs plasma levels 129 

N-dealkylated (see also desmethyl 
CPZ) 131 

-N-oxide 131, 132 
plasma levels 

and age effects 204 
and side-effects 202 
and therapeutic response 
201-3 

plasma protein binding 98 - 100 
and potency 90, 96,114 

and clinical response 96 
protein binding in CSF 366 - 7 
and receptor inhibition 56 
sulfoxide (CPZ-SO) 

cardiac effects 13 2 
clinical response 128, 130 
formation 129 
plasma levels 129-30 

chlorprothixene 
and apomorphine stereotypy 44 
binding 38 
and receptor inhibition 56 
and spiperone binding 44 

choline 
andTD376 

cholinergic 
mechanisms 

andTD375-6 
muscarinic receptor model 55 

chronic treatment 
withTCA 

and 5-HT binding 73-4 
and IMI binding 72-4 
in laboratory animals 72-3 

cirrhosis 
and haloperidol binding 194 

clinical dose 
of antipsychotics 83 

and haloperidol binding 83 
and stereotypy 83 

ofTCA 
and IMI binding 68 

clinical relevance 
of AMI levels 19 
ofDA blockade 81,105-9 
ofEEG 13 
ofGLC6 
of HPLC6 
of IMI levels 19 
ofMF6 
of neuroleptic plasma levels 

199-209 
of NT plasma levels 19 
of plasma levels 7, 80 
problems 80 
of RIA 7 
ofRRA 7, 94-8,105-9 
ofTLC6 

clofluperol 
clinical dose 83 
and haloperidol binding 83 
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and stereotypy 83 
clomipramine, see chlorimipramine 
cloddine 

as adrenergic receptor ligand 55 
clopimozide 

and apomorphine stereotypy 44 
and spiperone binding 44 

clorgyline 
clinical studies 309 - 15 
inhibition of 5-HT deamination 

307-8 
as selective MA 0 1307 - 16 

clothiapine (= clothiepin) 
and apomorphine stereotypy 44 
binding 38 
metabolism 155 

and5-HTuptake 155-60 
and receptor inhibition 56 
and spiperone binding 44 
structure 156 
sulfoxide 

in blood 159 
and 5-HT uptake 158 

clothiepin, see clothiapine 
clozapine 

and apomorphine stereotypy 44,83 
binding 38 

to muscarinic cholinergic 
receptors 45 

clinical dose 83, 90 
and D A receptor 45 
and haloperidol binding 83 
and receptor inhibition 56 
andRRA90 
and spiperone binding 44,52 
andTD371 

colorimetric assay 
andTLC6 

Comprehensive Psychiatric Rating Scale 
(CPRS) 

and PPZ 212-15 
conjugation (see also specific 

conjugates) 
of phenothiazine metabolites 130 

cyclic AMP (cAMP) 
DA-stimulated 81 

and phenothiazines 81 
cyclizine 

and potency 90 
andRRA90 

cytochrome P-450 
and binding of psychotropic drugs 

174 

dansylation 
andTLC6 

N-dealkylation (see also specific 
dealkylated compounds) 

of phenothiazines 131 
deanol 

andTD376 
debrisoquine 

C-oxidation 164 
genetics 164, 165 

hydroxylation 147 
structure 165 

demethylation (see also specific 
de methylated compounds) 

ofTCA 161-9 
deprenyl 

clinical studies 309 - 15 
as selective MA 0 I 307 - 16 

depression 
catecholamine hypothesis 64 
diagnosis 244-6 
andGH64 
and5-HT64 
andNE64 
non-endogenous 

and TCA plasma levels 269 
and REM sleep 73 

desipramine (= desmethylimipramine) 
(DMI) 

and antibody to NT 20 
anticholinergic effects 144 
binding 184, 187 

to various proteins 181- 2 
biosynthesis 140 
cardiac effects 300, 320, 322 

and ECG 324, 330-1 
and reserpine 300 

and cellular receptors 175 
and clinical response 242 
CSF levels 148 

vs plasma levels 148 
and 5-HT uptake inhibition 142 
hydroxylation 147, 161 
fromlMI145 
mechanism of action 64 
metabolism 140 
and NE uptake inhibition 141 
pharmacokinetics 145-9 
plasma concentration 

as function of time 255 
and potency 90 
RIA reliability 21 
andRRA90 
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desipramine (Contd) 
structure 140 
and Vacutainers 180 
and various receptors 142-5 

de(s)methyIchlorimipramine (DMCI) 
as antidepressant 141 
and binding 184 
steady state plasma level 162 

and NE uptake 162 
and Vacutainers 180 

desmethyIchlorpromazine (nort-CPZ) 
clinical potency 85 
and D A receptor affinity 85 
and extrapyramidal effects 362 - 5 

desmethylimipramine, see desipramine 
desmethylnortiptyline 

and NE uptake inhibition 141 
destyrosine-'Y-endorphin (DT'YE) 

and DA receptors 52 
and hyperkinesia 378-9 

dexetimide 
as cholinergic muscarinergic 

receptor ligand 55 
diagnoses 

and clinical relevance of plasma 
levels 267 

diazepam 
and antibody to NT 20 
binding sites 65 
as sedative 228 

dibenzepine 
and AAG 330-1 

didesmethyIchlorpromazine (nOr2-
CPZ) 

clinical potency 85 
and D A receptor affinity 85, 132 
and MAO activity 132 

didesmethylimipramine 
fromIMI145 

dihydroergocriptine 
and D A receptor 41-3 

3,7 -dihydroxychlorpromazine 
clinical potency 84, 85,130 
DA receptor affinity 85 
and haloperidol binding 84 

3,8-dihydroxychlorpromazine 
clinical potency 84, 85 
D A receptor affinity 85 
and haloperidol binding 84 

7,8-dihydroxychlorpromazine 
clinical potency 84 
and haloperidol binding 84 

3,4-dihydroxyphenylacetic acid 

(DOPAC) 
inCSF 

andMA0I313 
2-(N,N-dipropyl)amino-5,6-

dihydrotetralin (TETRAL) 
and binding inhibition 51 - 52 

dipyridamole 
and AAG binding 183 

diuretics (see also specific drugs) 
interference with TCA assay 31 

domperidone 
and adenylate cyclase 41 
and D A receptor 44 
and haloperidol sites 41 
regional distribution 44 

Dopa 
and D A hypersensitivity 374 
interference with TCA assay 31 

dopamine (DA) 
agonist binding 46 - 50 

ADTN47 
apomorphine 46-7 
lisuride48 
NPA47-8 

antagonist binding 37 - 45 
c10zapine 45 
dihydroergocryptine 41 - 3 
domperidone 44 
flupenthixol44 - 5 
haloperidol 37 -41 
spiperone 43-4 
sulpiride 45 

as binding agent 38-9 
blockade 

clinical relevence 105 - 9 
and cAMP 81 
hypersensitivity 

and L-Dopa 374 
and limbic binding sites 50 
as MAO substrate 307 
receptor(s) 

antagonists, and prolactin 15 
in brain 51-2, 81-5 
and clinical efficacy of 

neuroleptics 82 
andDT'YE52 
and endogenous peptides 52 
in limbic areas 50-1 
model 55 
multiplicity 36, 82 
and neurological side-effects 

360 
in pituitary 50 
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in retina 51 - 2 
and RRA 7, 79-103 
and spiperone binding 52 
andTD369 

doxepin(e) 
and antibody to NT 20 
anticholinergic effects 143 
cardiovascular effects 320 - 1 

and ECG 323, 324 
and IMI binding 67 
structure 156 
and Vacutainers 180 
and various receptors 142-5 

droperidol 
and apomorphine stereotypy 44, 83 
binding 38 
clinical dose 83 
and haloperidol binding 83, 219 
and receptor inhibition 56 
and spiperone binding 44 
and stereotypy 83 
structure 219 

dystonia 
and drug levels 359-60 

elderly 
and cardiovascular effects of TCA 

351 
and IMI 351-7 

hypotensive effects 353 - 5 
andNT351-7 

hypotensive effects 353 - 5 
electrocardiograph (ECG) 

andTCA 319,322-9, 329-33 
electroconvulsive shock (ECS) 

and ~-adrenoceptor density 73 
as antidepressant mimic 73 
and NE-dependent adenylate 

cyclase 73 
electroencephalogram (EEG) 

and clinical response 15 
and benzodiazepines 15 

and promazine 132 
and metabolites 132 

electron capture detection 
andGLC6 

endorphins 
andTD369 

epinephrine ( = adrenaline) 
as MAO substrate 307 

equilibrium dialysis 
in binding studies 174-5, 185-6, 

187 

erythrocytes (RBC) 
and binding of psychotropic drugs 

173 
membrane 

crossing by drugs 179 
extrapyramidal symptoms 

eye 
and haloperidol concentration 95 

opacity 
and 7-0H-CPZ 125 

pupiJsize 
and drug action 16 

fibroblasts 
in binding studies 175 

FK33-824 
and hyperkinesia 378 

FLA336 
as MAO substrate 308 

f1uanisone 
clinical dose 83 
and haloperidol binding 83 
and stereotypy 83 

f1uorometric assay 
of butaperazine 202 

fluorescence scanning 
andTLC6 

f1upenthixol 
and adenylate cyclase 41 
and apomorphine binding 44 
and binding to haloperido I sites 41 , 

83 
cis vs trans 

and sulpiride binding 45 
clinical dose 83,90, 114 
and D A receptor 44 - 5 
decanoate 

plasma levels vs dose 204 
avs~ 114 
RIA7 
RRA90, 114 

sensitivity 115 
and spiperone binding 44 
stereospecific binding 44 
and stereotypy 83 

fluphenazine 
and apomorphine stereotypy 44, 83 
binding 38 
clinical dose 83, 90, 96,114 
decanoate 

clinical use 113, 114 
RRA 97,114,117-8,120 
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fluphenazine (Contd) 
enanthate 

clinical use 113, LL4 
RRA 114, 117-119, 120 

and haloperidol binding 83 
and plasma protein binding 99 - 100 
and receptor inhibition 56 
RIA 112 

vsRRA 117 
RRA 90, 96,114 

vs RIA 117, 120 
sensitivity 115 

and spiperone binding 44 
f1uspirilene 

clinical dose 83 
and haloperidol binding 83 
and stereotypy 83 

f1uspiperone 
and apomorphine stereotypy 44 
and spiperone binding 44 

Friedman test 
in mania 230 

GABA transaminase (GABA-T) 
and brain GABA 376 

gas (liquid) chromatography (GLC) 
clinical relevance 6 
of CPZ & metabolites 129, 202 
of haloperidol 112,202 

comparison of assay 
techniques 115 

vsRIA220 
introduction 3, 4 
and mass spectrometry 

comparison to other assays 106 
precision 6 
problems 80 
sample size 6 
sensitivity 6 
of thioridazine and metabolites 129 

genetic control 
of binding 177 

Gilles de la Tourette syndrome 
and haloperidol levels 203 
tardive description 385 

and neurotoxicity 385 - 7 
glucuronidation 

ofTCA 147 
growth hormone (GH) 

and depression 64 

hallucinations 
and pipamperone 53 

halopemide 
and adenylate cyclase 41 
and haloperidol sites 41 

haloperidol 
and adenylate cyclase 41, 81 
antibodies 220- 2 

toNT20 
and apomorphine stereotypy 44 
binding 38-9, 219 

and age 191-6 
and amphetamine stereotypy 

83 
and clinical dose 83 
and CPZ metabolites 132 
and disease 191 - 6 
of various drugs 41, 83 

comparison of assay techniques 
115-7 

and DA receptor 37-41,55 
and limbic binding sites 50 
and pituitary sites 50 

and extrapyramidal symptoms 95 
GLC 112, 115,217 

problems 217 
'haloperidol equivalents' 

inRRA89,90 
vs Li 227 
metabolites 222 
pharmacokinetics 234 - 5 
plasma levels 

and administered dose 204 
and antimanic effect 227- 32 
and extrapyramidal effects 203 
and Gilles de la Tourette 

syndrome 203 
and side-effects 202,203 
and therapeutic response 

201-3 
and plasma protein binding 99 - 100 
potency 90,114 
receptor inhibition constants 56 
RIA 112, 115,218-25,228-32 
RRA 96, 97-108,114,115,217-8 

and clinical response 96 
levels vs dose 116 - 7 
vs prolactin level 116 
sensitivity 115 

and spiperone binding 44,52 
structure 218 
and tardive Tourette's syndrome 

386 
andTD 371-2,373,386 

Hamilton Depression Rating Scale 
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(HDRS) (HRS) 
and IMI binding 70 
and NT plasma levels 268 

harmaline 
as MAO substrate 308 

harmine 
as MAO substrate 308 

hemodialysis 
and maprotiline 286-7 

heparin lock 
in blood collection 179 

high performance liquid 
chromatography (HPLC) 

clinical relevance 6 
and mass spectrometry 

comparison to other assays 106 
precision 6 
problems 80 
sample size 6 
sensitivity 6 
specificity 6 
ofTCA 162 

His bundle electrocardiography (HBE) 
andECG323 
andNT323 
and TCA cardiac effects 319 

histamine receptors 
model 55 
andTCA64, 141, 143 

homovanillic acid (HV A) 
inCSF 

andMA0I313 
and neuroleptic plasma levels 205 

Huntington's disease 
and valproate 377 

hydrochlorothiazide 
interference with TCA assay 31 

10-hydroxyamitriptyline (10-0H-AMI) 
metabolism 167 
and NE uptake inhibition 141 

hydroxychlorimipramine 
and 5 -HT uptake inhibition 142 

3-hydroxychlorpromazine (3-0H-CPZ) 
clinical potency 84, 85, 130 
and DA receptor affinity 85 
and haloperidol binding 84 

7 -hydroxychlorpromazine (7-0H-CPZ) 
clinical potency 84, 85,114,128, 

130 
inCSF 

vs plasma levels 128 
and DA receptor affinity 85 
and extrapyramidal effects 362 - 5 

and haloperidol binding 84 
and plasma protein binding 99 - 100 
andRRA 114, 115 
side-effects 125 
in tissues 130 

8-hydroxychlorpromazine 
clinical potency 84, 85 
and D A receptor affinity 85 
and haloperidol binding 84 

2-hydroxydesipramine (2-0H-DMI) 
and antibody to NT 20 
biosynthesis 140 
CSF 

vs plasma levels 148 
glucuronidation 140 
and 5-HT uptake inhibition 142 
metabolism 140 
and NE uptake inhibition 141 
in plasma 146-7 
structure 140 
transit time 260 
in urine 147 

6-hydroxydopamine (6-0H-DA) 
and AMI crossing of blood-brain 

barrier 304 
7 -hydroxyfluphenazine 

potency 114 
RRA 114 

sensitivity 115 
2-hydroxyimipramine (2-0H-IMI) 

and antibody to NT 20 
and 5-HT uptake inhibition 142 
and NE uptake inhibition 141 
in plasma 146-7 

5-hydroxyindoleacetic acid (5-HIAA) 
inCSF 

and antidepressants 141 
andMAOl313 

hydroxylation 
andCRF293-4 
ofDMI247 
ofTCA 147, 161-9 

10-hydroxynortriptyline (1 O-OH -NT) 
clinical effect 162 
conjugated vs unconjugated 

288-93 
and NE uptake inhibition 141 
in plasma 146-7 

vs CSF levels 148 
and stereoselective binding of IMI 

65 
hyperkinesia 

and DT'YE 378 
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hyperkinesia (Contd) 
andFK33-824378 
and morphine 378 
and naloxone 378 
andTD374 

hypertension 
orthostatic 

and IMI 242 
hypokinesia 

and7-0H-CPZ 125 
hypotensive effects 

oflMI352-5 
ofNT352-5 

imipramine (1M I) 
active metabolites 139 

inman 140 
anesthetic effects 303 
antibody to NT 20 
anticholinergic effects 143 
binding 67, 181, 184, 187 

to albumin 173 
in brain regions 66, 68 
constants 65 
and first-pass effect 175 
high affinity 63 - 77 
toRBC 173 
to serum lipoproteins 173 
stereoselectivity 65 
ofTCA 71, 72-4 

cardiac effects 319,320-1,322, 
343-7 

and ECG 323, 324-7, 330-1 
chronic treatment 72-4 
clinical TCA dose 68 
andCPZ205 
in elderly patients 351-7 

hypotensive effects 353 - 5 
and 5 -HT uptake inhibition 142 
3H -in RIA quantitation 21 
mechanism of action 64 
metabolic routes 140 
metabolism 161-2 
-N-oxide 

biosynthesis 140 
degradation 140 
structure 140 

and NE uptake inhibition 141 
and orthostatic hypertension 242 
pharmacokinetics 145-9, 247-8 
plasma levels vs response 19,242-4 
in platelets 69 - 72 

potency 90 

RRA90 
structure 140 
and systolic time interval 356 
and Vacutainers 180 
and various receptors 142 - 5 

iminodibenzyl 
metabolism 140 
structure 140 

insomnia 
and antidepressants 14 

iprindol( e) 
cardiotoxicity 321 
and IMI binding 67 

iris 
and monoamine uptake 64 

NEuptake 
and TCA assay 28 

and TCA bioassay 148 

kynuramine 
as MAO substrate 307 

levomepromazine 
binding 38 
metabolism 127 
and metabolites 

binding to D A receptor 132 - 3 
cardiac effects 13 2 

and receptor inhibition 56 
RRA 108 
sulfoxide formation 129 

Lilly 51641 
as MAO substrate 308, 309 

limbic area 
and DA receptors 50-51 

~-Iipoprotein hormone (~-LPH) 
andTD369 

lipoproteins 
serum 

Iisuride 

and binding of psychotropic 
drugs 173 

and DA receptor 48 
lithium (Li) 

cardiovascular effects 335 - 6 
vs haloperidol 22 7 
as prophylactic drug 12 

loxapine 
binding 38 
and receptor inhibition 56 

lysergic acid diethylamide (LSD) 
binding 53 
as receptor inhibitor 55 
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lysosomotropic agents 
and psychotropic drugs 175 

Madopar 
constituents 374 
andTD 374 

mania 
sex ratio 231 

maprotiline 
vsAMI267 
binding 289 

determination 287 
andECG326-7 
vs hemodialysis 286 - 7 
plasma levels 

and clinical response 266 - 7, 
269 

mass fragmentography (MF) 
clinical relevance 6 
and CPZ assay 361 
sample size 6 
sensitivity 6 
specificity 6 

mass spectrometry 
andGLC 

comparison to other assays 106 
and HPLC 

comparison to other assays 106 
problems 86 

MD780515 
as MAO substrate 308 

membrane(s) 
and CPZ binding 175 
and IMI binding 175 
receptor complex 58 

mesoridazine 
clinical activity 128 
and plasma protein binding 99 - 100 
as thioridazine metabolite 127 

metabolites (see also individual 
compounds) 

active 
biological assay 125 
of phenothiazines 125 - 37 

CSFlevels 128-9 
plasma levels 128-9 
protein binding 128 

metanephrine 
as MAO substrate 307 

methithepine 
and apomorphine stereotypy 44 
binding 38 
and receptor inhibition 56 

and spiperone binding 44,52 
methotrimeprazine, see 

levomepromazine 
7 -methoxychlorpromazine 

and clinical potency 85 
and DA receptor affinity 85 

3-methoxy-4-hydroxyphenylglycol 
(MHPG) 

andMAOl311 
5-methoxytryptamine 

as MAO substrate 307 
3-methoxytyramine 

as MAO substrate 307 
methylphenidate 

and neuroendocrines 
and euphoria 15 

a-methyl-p-tyrosine (AMPT) 
andTD 371-2 

methysergide 
potency 90 
andRRA 90 

metoclopramide 
and apomorphine stereotypy 44 
potency 90 
andRRA90 
and spiperone binding 44 

mianserin( e) 
cardiovascular effects 334 - 5 
and ECG 326-7,330-1 
and IMI binding 67 
and monoamine uptake 64 
plasma levels 

and clinical response 266 
microsomes 

andTCA 147 
milenperone 

binding 38 
and receptor inhibition 56 

molindone 
binding 38 
and plasma protein binding 99 - 100 
and receptor inhibition 56 
and RRA 96 

and clinical response 96 
monoamine oxidase (MAO) 

activity 309 
as biological monitor 14 
and CPZ metabolites 132 

and benzylamine 309 
inhibitors 

biochemical indices 307 -16 
selective 307 -16 

AvsB308 
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monoamines (see also specific 
compounds) 

metabolism 
and CPZ metabolites 132 

moperone 
clinical dose 83 
and haloperidol binding 82, 219 
and stereotypy 83 
structure 219 

morphine 
and hyperkinesia 378 

MULTI-CLAD system 
in mania studies 228 

muscarinic (cholinergic) receptors 
and TCA 64,143 

naloxone 
differential binding 42 
and hyperkinesia 378-9 

neuroendocrines (see also specific 
compounds) 

and methylphenidate 15 
neuroleptics (see also specific 

compounds and classes) 
assay 3-9 

bioavailability 79 - 80 
problems 79 
RRA 79-103 

clinical dose 83 
and DA receptors 82 
and haloperidol binding 83 
induced tardive Tourette's 

syndrome 385-7 
interference with TCA assays 31 
and metabolites 80 
and Parkinsonism 81 
plasma binding 

clinical relevance 199 - 209 
receptor 

binding profiles 54 - 7 
inhibition constants 58 

and RRA 105-9 
clinical relevance 105-9 

and schizophrenia 81 
andTD79 
and Vacutainers 180 

neurological side-effects (see also 
specific effects) 

and CSF levels 359-68 
and plasma levels 359-68 

neuropeptides (see also specific 
compounds) 

andTD377-9 

neurotransmitters (see also specific 
transmitters) 

and TCA 297 -305 
Newcastle scale 

in depression 246 
nitrazepam 

in schizophrenia studies 234 
nomifensine 

cardiovascular effects 333 - 4 
and IMI binding 67 

NONLIN 
definition 253 

noradrenaline, see norepinephrine 
norepinephrine (= noradrenaline) (NE) 

as adrenergic receptor inhibitor 55 
CSF 

andMA01312-3 
and depression 64 
andDMCI162 
andDMI302 
and IMI 302 
and MAO 308 
reuptake 

andTCA 14-15, 145 
uptake 

inhibition by various TCA 141 
and TCA assay 28,141 

normetanephrine 
as MAO substrate 307 

northiaden 
and5-HTuptake 158 
sulfoxide 

and5-HTuptake 158 
nortriptyline (NT) 

absorption 
compared with AMI 281 

and AMI 265, 269 
antibody 

cross-reactivity with other 
drugs 20 

anticholinergic effects 143 
as antidepressant 141 

biphasic effect 297 - 8 
cardiotoxicity 266,269,319, 

320-1,322 
concentration patterns 274-81 
CSFlevels 

vs plasma levels 148 
and ECG changes 322-3, 324, 

330-1 
in elderly patients 351-7 

hypotensive effects 352- 5 
genetics 164 
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GLC287-8 
glucuronidation 147,243 
half-life 280, 293 
and 5-HT uptake 28 
hydroxylation 147, 161, 162, 1M, 

293 
and IMI binding 67 
metabolism 293 

in vitro 167 
and NE uptake inhibition 28,141 
pharmacokinetics 145-9,163,246, 

273-83,287 -95 
plasma levels 287-8 

vs clinical response 19,242, 
263-5,281 

vsdose 273 
andHRS268 

and potency 90 
side-effects 281 
structure 165 
and systolic time interval 356 
and tyramine test, as assay 28 
and Vacutainers 180 
and various receptors 142 - 5 

norzimelidine 
plasma levels 

vs clinical response 267,269 
and stereoselective binding of IMI 

65 
and Vacutainers 180 

Nozinan, see levomepromazine 
nucleus accumbens 

and haloperidol binding 50 

octopamine 
as MAO substrate 307 

olfactory tubercle 
and haloperidol binding 50 

oxiperomide 
and apomorphine stereotypy 44, 

371 
and spiperone binding 44 
andTD371 

pargyline 
clinical studies 309 - 15 
as selective MAOI 307 -16 

Parkinsonism 
andMA0I311-2 
andTD371 

penfluoridol 
and adenylate cyclase 41 
binding 38 

clinical dose 83 
and haloperidol sites 41, 83 
and receptor inhibition 56 
and stereotypy 83 

peptides (see also specific compounds) 
endogenous 

and DA receptors 52 
and prolactin secretion 52 

perla pine 
binding 38 
and receptor inhibition 56 

perphenazine (PPZ) 
and antibody to NT 20 
binding 38 
casestudy4-6 
N-dealkylated 131 
pharmacokinetics 212 - 3 
plasma level after oral 

administration 211-6 
potency 90, 211 - 6 
and receptor inhibition 56 
andRRA90 
side-effects 212 - 5 
sulfoxide (PPZSO) 130 

as PPZ metabolite 4 - 5 
pharmacokinetics 212 - 3 
pharmacological activity 133 
and side-effects 212 - 5 

pharmacodynamics 
andRRA 107 

pharmacokinetics 
and extrapyramidal effects 360-5 
general principles 3 
ofNT287-95 
physiological models 256- 7 

and clearance 257 
ofPPZ212 
ofTCA 145-9,241-51,253-62 

and age 248 
theoretical bases 247 

phenothiazines (see also specific 
compounds) 

and D A conformation 81 
and DA-stimulated adenylate 

cyclase 81 
metabolism 126-34 

and protein binding 128-9 
and tardive Tourette's syndrome 

386 
andTD386 

5-phenyl-3-(N-cyclopropyl) 
ethylamine-l ,2,4-oxadiazole (PCO) 

as MAO substrate 308 
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phenylethanolamine 
as MAO substrate 307, 308 

phenylethylamine 
as MAO substrate 307,308 
urinary 

andMA0I314 
phospholipids 

and CPZ binding 174 
patterns 

and adenylate cyclase 175 
photosensitive skin pigmentation 

and 7-0H-CPZ 125 
physostigmine 

andTD375-6 
pimozide 

and adenylate cyclase 41 
and apomorphine stereotypy 44, 83 
binding 38 
clinical dose 83 
and haloperidol sites 41, 83 
and potency 90,114 
and receptor inhibition 56 
and RRA 90,114 

sensitivity 115 
and spiperone binding 44 

piflutixol 
binding 38 
and receptor inhibition 56 

pipamperone 
and adenyla te cyclase 41 
and apomorphine stereotypy 44, 83 
binding 39, 41, 83 
clinical dose 83 
and hallucinations 53 
and 5 -HT vs D A receptor action 53 
and receptor inhibition 56 
and spiperone binding 44,52 

pituitary 
DA receptor 50 
and NP A sites 50 
and spiperone sites 50 

plasma 
assay 

and bacterial response 12 
of drugs 11- 17 
and improved function 12 
and maintenance of symptom 

suppression 12-13 
and monitoring of drug 

regimen 13 
rationale 11 
and relapse prevention 13 
and symptom suppression 12 

and toxicity 13 
binding 

of psychotropic drugs 173 - 6, 
181-3 

levels 
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(mini-PSE) 
and neuroleptic levels 96 

prochlorperazine 
binding 38 
and receptor inhibition 56 

procyclidine 
as antiparkinsonism agent 234 

prolactin 
apomorphine-suppressed 50 
and CPZ metabolites 132 
and DA receptor antagonists 15 
and drug levels 205 
as monitor of drug action 15 
RIA 112 
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N-propylnorapomorphine (NP A) 

and D A receptors 47- 8 
protriptyline 

anticholinergic effects 143 
cardiac effects 302, 320, 332 
and IMI binding 67 
and various receptors 142 - 5 

pseudo parkinsonism 
and drug levels 359 - 61 

psychotropic drugs (see also specific 
classes and drugs) 
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R 1658, see moperone 
R2572 

and haloperidol binding 219 
structure 219 

R 2498, see trifluperidol 
R 4749, see droperidol 
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