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Preface 

This volume collects the invited lectures and some selected contributions 
presented at the 5th International Meeting on Clinical Pharmacology in 
Psychiatry, which was held 26-30 June 1988 at the University of Troms0, 
Norway. The 24 h of daylight at the northernmost university in the world al­
lowed for long, pleasant and productive sessions. The title of the conference as 
well as a number of the topics covered represent a continuation of four 
previous conferences, the first held in Chicago in 1979 and organized by the 
late Earl U sdin and colleagues. 

The earlier conferences have been documented in Clinical Pharmacology 
in Psychiatry, edited by E. Usdin (Elsevier, New York, 1981), Clinical 
Pharmacology in Psychiatry. Neuroleptic and Antidepressant Research, edited 
by E. Usdin, S. G. Dahl, L. F. Gram and o. Lingjrerde (Macmillan Publishers 
Ltd., London, 1981), Clinical Pharmacology in Psychiatry. Bridging the 
Experimental-Therapeutic Gap, edited by LF. Gram, E. Usdin, S.G. Dahl, 
P. Kragh-Sorensen, P. L. Morselli and F. Sjoqvist (Macmillan Publishers 
Ltd., London, 1983), and Clinical Pharmacology in Psychiatry. Selectivity 
in Psychotropic Drug Action - Promises or Problems? edited by S. G. Dahl, 
L.F. Gram, S.M. Paul and W.Z. Potter (Psychopharmacology Series 3, 
Springer, Heidelberg, 1987). 

It seems to us that the key to the success of the IMCPP series, and the main 
reason for its continuation, lies in its interdisciplinary approach in discussing 
both clinical and basic research. The present volume contains a session on dif­
ferent strategies in the development of new psychotropic drugs, from 
molecular to clinical studies. The clinical advantages of the new generation of 
receptor-selective drugs in psychopharmacology was the main topic of the 4th 
International Meeting on Clinical Pharmacology in Psychiatry, and this 
theme is updated in one of the sessions presented in this volume. Clinical 
pharmacokinetics and the rationale for therapeutic plasma level monitoring of 
neuroleptic and antidepressant drugs have been important topics at this and 
all previous conferences. This volume extends the field with a session on 
pharmacogenetics and presents the first comprehensive analysis of the role 
of the sparteine-debrisoquine drug oxidation polymorphism in psycho­
pharmacology, with clinical implications. 

It is our hope that the scientific presentations in this volume may stimulate 
further research and development towards improved efficacy and safety of 
psychotropic drugs. 

Troms0, Odense, 1989 SVEIN G. DAHL· LARS F. GRAM 
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Strategies in Psychotropic Drug Innovation 



Receptor Subtypes and Endogenous Ligands: 
Rational Tools in the Search for Psychotropic Drugs? 

C. BRAESTRUP and P. H. ANDERSEN 1 

1 Introduction 

Relatively few new pharmacodynamic principles have been introduced in the 
late 1970s and early 1980s for the treatment of psychiatric disorders. This may 
reflect the type of experimental procedures used in the late 1960s and early 
1970s, when animal models for psychiatric diseases were widely used for 
screening in the early discovery phases. These models, which were usually 
based on the performance of known efficacious psychotropic drugs, had a 
tendency to produce compounds which were similar to already known drugs. 
Today it seems that more rational approaches to the development of new 
CNS-active compounds have evolved in parallel with the explosive develop­
ment in receptor research, and the results of these approaches are beginning to 
emerge. 

In hindsight, it appears that most psychoactive drugs owe their therapeutic 
effects to an interaction with one or more brain receptors or receptor-like 
structures. Among the various receptor types depicted in Table 1, psychoac-

Table 1. Receptor types 

Neurotransmitter receptors 
Hormone receptors 
Immune receptors 
Drug receptors 
Toxin receptors 
Taste receptors 
Uptake "receptors" 

tive drugs are known to interact with neurotransmitter receptors, drug recep­
tors and "uptake receptors". It is probable that new efficacious psychotropic 
drugs with fewer side effects can be developed from our current and future 
knowledge of brain receptors. In particular, it seems useful to pursue com­
pounds with receptor subtype selectivity and those which mimic in one or 
another way the action of endogenously occurring neurotransmitters or brain 
modulators. 

1 Pharmaceuticals R&D, Novo-Nordisk A/S, 2880 Bagsvrerd, Denmark 

Clinical Pharmacology in Psychiatry 
Editors: S. G. Dahl and L. F. Gram 
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2 Receptor Subtypes 

The concept of receptor subtypes is well known. Cholinergic receptors were 
divided into the nicotinic and muscarinic subtypes, named after the selective 
agonists used to identify their existence, and IX- and p-receptors represent the 
early subclasses of adrenergic receptors. Since then, subclassification has con­
tinued, using either numbering systems (histamine H3 for a recent example; 
Arrang et al. 1987) or naming systems (with quisqualate and nonquisqualate 
excitatory amino acid receptors as recent examples; Drejer and Honore 1988). 

The application of molecular biology has resulted in a new understanding 
of receptor classification and of receptor subtypes. Surprisingly, it appears 
that receptors seem to belong to relatively few major families which are the 
products of gene superfamilies. Receptors which were previously classified in 
quite distinct groups, such as y-aminobutyric acid (GABA) and nicotinic 
receptors, belong to one single family and must be regarded, in principle, as 
subclasses of the same ancient receptor. Nicotinic and GABAergic receptors 
belong to an ion channel gating receptor family to which glycine receptors 
also belong. Cloning has revealed that nicotinic receptors, GAB A receptors 
and glycine receptors are homologous proteins having certain highly con­
served regions; they clearly seem to originate from a common ancestor gene 
(Barnard et al. 1987). 

Receptors which are coupled to G proteins and adenylate cyclase represent 
another superfamily; receptors within this category span from IX- and p­
adrenergic receptors to the light receptor rhodopsin (Lefkowitz and Caron 
1988). 

Subclasses for each of the receptor types in a superfamily easily emerge 
from further mutations, and we must foresee the discovery of many additional 
receptor subclasses which will be identified by cloning and sequencing of their 
genes, and which might constitute new specific targets for drugs. Examples are 
available today; the CNS nicotinic receptor seems to exist in several genetic 
forms, the pharmacology of which is still unknown (Boulter et al. 1987). 
Genetically defined receptor subtypes will be available for pharmacological 
screening and investigation after expression of the receptor on the surface of 
appropriate cell systems. 

Before receptor subtypes were defined genetically, subclassification was 
based primarily on data obtained from binding or functional studies (e.g. the 
muscarinic receptor; Hulme et al. 1976; Birdsall et al. 1978). Further, before 
the definite genetic evidence for the existence of such muscarinic receptor sub­
types was available (Bonner et al. 1987), compounds selective for the proposed 
subtypes were developed (e.g. pirenzepine and McN A-343; Hammer and 
Giachetti 1982; Hammer et al. 1980). Several other neurotransmitter receptors 
have been proposed to exist in one or more subtypes, e.g. the lXi-receptor 
(Morrow and Creese 1986), the IXrreceptor (Kaposci et al. 1987) and recently 
the dopamine Dl receptor (Andersen and Braestrup 1986). Since none of these 
three receptor classes has yet been cloned, no genetic evidence is available to 
support the presence of a distinct genetic variety. 
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Table 2. Phannacological charateristics of[3H]SCH 23390 binding and dopamine-stimulated 
adenylate cylase in rat striatum 

Compound Dopamine-stimulated [3H]SCH 23390 (Rank) 
adenylate cyclase binding 
(K;,nM) (K;,nM) 

SCH23390 39.9 0.14 (1) 
cis-Flupentixol 40.0 0.32 (2) 
( + )-Butaclamol 81.8 0.95 (3) 
Fluphenazine 212 4.5 (4) 
Chlorpromazine 463 25 (5) 
Bulbocapnine 865 270 (6) 
trans-Flupentixol 1200 474 (7) 
Spiroperidol 1720 360 (8) 
(- )-Butaclamol >5000 > 9000 (9) 
NB 106-094 >5000 > 5000 (9) 
Dibenzepin >5000 > 5000 (9) 
l-Sulpiride >5000 >15000 
Clopazine 32.5 55 
Fluperlapine 26.6 85 
Clothiapine 33.9 8 

K; values obtained from [3H]SCH 23390 binding were calculated from K; = rC so/(1 + LI KD)' 
where ICso is the drug concentration that inhibits specifically bound [3H]SCH 23390 by 
50%, L is the concentration of [3H]SCH 23390 (0.2 nM), and K; is the dissociation constant 
of [3H]SCH 23390 (0.14 nM). K; values are means from at least three independent experi­
ments using three to eight different inhibitor concentrations. K; values for inhibition of 
dopamine-stimulated adenylate cyclase were obtained by Schild analyses using three dif­
ferent antagonist concentrations and five different concentrations of dopamine (10, 30, 60, 
100,200 nM). Values are means from two to eight independent experiments (Andersen et al. 
1985; Andersen and Braestrup 1986). 

With respect to psychiatric diseases, and in particular to one of the major 
psychoses, schizophrenia, dopamine is thought to play a major role. The 
dopamine Dl receptor subtype was originally defined as a receptor associated 
with the enzyme adenylate cyclase in a stimulatory way (Kebabian and CaIne 
1979). No selective compounds for the dopamine Dl receptor were available, 
however, before the introduction of SCH 23390 (HytteI1983). Radiolabelling 
of this compound produced a ligand highly specific for the dopamine Dl 
receptor (Billard et al. 1984; Schulz et al. 1984). In a later study, where both 
binding to and a functional measurement of the dopamine Dl receptor was in­
vestigated under identical biochemical conditions, an unexpected discrepancy 
was observed. The absolute K; values obtained for inhibition of [3H]SCH 
23390 binding and dopamine-stimulated adenylate cyclase for a variety of 
typical neuroleptics were not identical, although the rank order of potencies 
was similar (see Table 2; Andersen et al. 1985). 

In a follow-up study it was further shown that whereas typical neuroleptics 
exhibited much higher affinity for the Dl receptor labelled with [3H]SCH 
23390 than for inhibition ofthe dopamine-stimulated adenylate cyclase, atypi­
cal neuroleptics of the clozapine type showed the opposite characteristic, i.e. 
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Fig. 1. Diagrammatic representation of an extended two-state model for the two subtypes 
of states of the dopamine Dl subtype, illustrating the adenylate cyclase coupled and 
uncoupled receptors. Included is the guanosine triphosphate (GTP) sensitive protein 
(N?) to explain data with dopamine inhibition of [3H]SCH 23390 binding. DA, 
Dopamine; R, Dl receptor; Ns and N?, GTP regulatory protein; AC, adenylate cyclase 
catalytic unit 

highest aJfinity for inhibition of the adenylate cyclase (Andersen and 
Braestrup 1986). These data indicated the existence of subtypes or of different 
coupling states of the dopamine Dl receptor. A model was suggested postulat­
ing the existence of two states of the Dl receptor, one coupled to the adenylate 
cyclase and the other uncoupled (Fig. 1; Andersen and Braestrup 1986). This 
model was later corroborated in radiation inactivation experiments (Andersen 
and Nielsen 1987). Several lines of evidence have since accumulated in support 
of the existence of subtypes of the dopamine D 1 receptor subtype. In some of 
these studies, selective dopamine Dl agonists exhibiting various efficacies 
were used. Waddington et al. (1988) rated the dopamine Dl mediated be­
haviour grooming in rodents and showed that both partial and full efficacy 
agonists induced behavioural changes to the same extent. This observation 
was confirmed in a study by Amt et al. (1988) using selective dopamine 
Dl receptor depletion with EEDQ (N-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline), thereby excluding the spare-receptor explanation. 
Furthermore, data from electrophysiological studies have supported a sub­
division of the dopamine Dl receptor. Thus, a variety of dopamine Dl 
agonists stimulate dopamine D 1 mediated changes in cell firing irrespective of 
their efficacy in stimulating the adenylate cyclase (White et al. 1987). Also, 
lipophilic cyclic adenosine monophosphate (cAMP) derivatives or blockers of 
cAMP degradation had no effect on the dopamine Dl stimulation (Johansen 
and White 1988), as would be expected if all the receptors were coupled to 
adenylate cyclase. Finally, the action of concurrent dopamine Dl and D2 
receptor stimulation is additive or synergistic and not opposite (White 1987), 
as observed in biochemical studies (Kelly and Nahorski 1987). 

All these behavioural, biochemical, and electrophysiological data are best 
interpretated by the presence of dopamine Dl receptor subtypes; one subtype 
is linked to the adenylate cyclase whereas the other is not linked to this en­
zyme. 



Receptor Subtypes and Endogenous Ligands: Rational Tools 7 

Table 3. Occupation of receptors in vivo by neuroleptic compounds 

Compound Administration EDso (mg/kg) 

Dl D2 5-HT2 Muscarinic 

SCH23390 sc,0.5 h 0.017 5.6 1 > 30 
cis-Flupentixol ip,2 h 0.3 0.1 0.4 > 10 
Clozapine sc,1 h 10.2 1 0.7 3 
Flupedapine sc, 1 h 0.8 9.6 2.8 > 10 
dl-Sulpiride ip,2 h 90 25 35 >100 
Molindone ip,2 h 51 0.6 43 59 

EDso is the dose which occupies by 50% the receptor population available for each specific 
ligand. Dl receptor, [3H]SCH 23390; D2, [3H]spiroperidol; 5-HT2, [3H]ketanserin; mus­
carinic, [3H]QNB. (Values from Andersen et a1. 1986, and unpublished). 

In the development of new neuroleptics, the two most important goals 
seem to be improvement of therapeutic efficacy and reduction in the incidence 
of side effects such as extrapyramidal effects and tardive dyskinesias. 

Clozapine - the prototype atypical neuroleptic - is efficacious, with effects 
against both the negative and the positive symptoms of schizophrenia and is 
virtually without extrapyramidal side effects. Surprisingly, clozapine and the 
closely related analogue fluperlapine show an appreciable affinity for the 
dopamine D1 receptor (Table 2). In addition to the dopamine D1 receptor, 
clozapine also affects several other receptors (see Hyttel et aI., this volume). 
The high in vitro affinity of clozapine and fluperlapine for the dopamine D1 
receptor is also reflected in in vivo studies (Table 3); clozapine and fluper­
lapine act on [3H]SCH 23390 labelled receptors in the low mg/kg range. 
Fluperlapine even showed preference for D1 receptors, as compared to the 
other receptors measured (Table 3). 

The unexpectedly high dopamine D1 activity found for clozapine and 
fluperlapine becomes even more pronounced when the adenylate cyclase 
coupled dopamine D 1 receptor is considered. While all other neuroleptics 
were most active on the [3H]SCH 23390 labelled dopamine D1 receptor, 
clozapine and fluperlapine showed preference for the adenylate cyclase 
coupled dopamine D1 receptor. This unique feature may explain why early 
proposals of a dopamine receptor involvement in the mechanism of action of 
clozapine seemed evasive in biochemical experiments. Having the adenylate 
cyclase linked dopamine D1 sub-subtype as a target for the atypical neurolep­
tic, clozapine opens a screening possibility which may lead to new classes. of 
atypical neuroleptics with a clozapine-like profile. 
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3 Conclusion 

The preceding section describes how the detailed investigation of subtypes, or 
potential subtypes, of the dopamine Dl receptor may lead to new strategies 
for screening putatively useful new psychotropic drugs. Another useful ap­
proach has been the search for endogenous ligands for drug receptors which 
may represent a source of new leads, with new mechanisms of action and new 
spectra of activity. 

Recently, Barbaccia et al. (1988) reviewed this approach for the 
GABA/benzodiazepine receptor chloride channel complex by highlighting f3-
carbolines, diazepam binding inhibitor (DBI) and other peptides as leads for 
developing new psychotropic drugs. It should be recognized in this respect, 
however, that the discovery of new drug receptors may not guarantee the ex­
istence of an endogenous ligand to form new drug leads. Our current un­
derstanding is that drug receptors may exist which do not have natural 
modulators, i.e. drug receptors may simply be random regions of macro­
molecules which happen to bind certain drugs. 

With .exact determination of the three-dimensional structure of proteins, 
the identification of new "drug binding regions" should be possible. Future 
drug development combining molecular biology with knowledge of the three­
dimensional protein structure may result in a new generation of highly specific 
drugs. 
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Histamine H3 Receptors in the Brain: 
Potent and Selective Ligands 

J. C. SCHWARTZ, J. M. ARRANG, M. GARBARG, and H. POLLARD 1 

1 Introduction 

Histamine is a recently admitted neurotransmitter in the brain, and few drugs 
are available which selectively modify histaminergic neurotransmission for 
either research or, possibly, therapeutic purposes. 

Most histaminergic neurons are located in the tuberomamillary nucleus, a 
group of a few hundred magnicellular neurons in the ventral part of the 
posterior. hypothalamus. Their axons constitute long ascending pathways 
projecting mainly in an ipsilateral fashion, to the entire CNS. Hence the 
general disposition of the histamine neuronal system, with a few compact cell 
groups and a widespread distribution of long axons, resembles that of 
catecholaminergic and serotoninergic systems. These similarities extend to 
receptor-mediated cellular events and to functional roles. Although the latter 
are still incompletely understood, it appears that histaminergic neurons may 
control arousal, energy metabolism, cerebral circulation, cardiovascular 
reflexes, pituitary hormone release and body temperature. Some histaminergic 
neurons also store y-aminobutyric acid, the gastrointestinal peptide galanin, 
or, possibly, adenosine, but the functional significance of these co­
localizations is still unknown. In addition, the CNS contains a small number 
of histamine-rich mast cells. These connective tissue cells seem closely as­
sociated with vascular elements in the CNS. As in peripheral tissues, they may 
be involved in immune and inflammatory processes, but this remains to be 
established (reviewed in Schwartz et al. 1986). 

2 Post-Synaptic Histamine Receptors 

Until recently two subclasses of receptors were believed to mediate the actions 
of histamine on target cells. They can be distinguished by their pharmacology 
and by the intracellular responses which they mediate (Hill 1987). 
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2.1 HI Receptors 

HI receptors are pharmacologically defined by their blockade by many "clas­
sical" antihistamines, the prototype of which is mepyramine (pyrilamine; Ta­
ble1). 

HI receptors visualized by autoradiography are widely and heterogene­
ously distributed in the eNS (Bouthenet et al. 1988), but their distribution, 
which differs among animal species, does not match exactly that of histamin­
ergic axons. From their decrease following ablation of neurons by kainate, a 

Table 1. Pharmacology of the three subclasses of histamine receptors 

Receptor subclasses 

HI H2 

Agonists (relative potencies) 

Histamine I I CH2-CH2-NH2 100 100 

HN0N 

2-Thiazolylethylamine lvll 
CH2-CH2-NH2 26 2.2 

~ N 

Impromidine (CH2h-NH-C=NH <0.01 4800 I I I 
HN~N NH 

I 
CH3 I I CH2-S-(CH2h 

HN~N 

H3 

100 

<0.01 

<0.01 

(R)IX-Methylhistamine r=!:?<NH2 
0.5 1500 

HN ~N CH3 H 
"-..?' 

Antagonists (Ki values, nM) 

Mepyramine CH30--O--CH2 
/CH 3 

0.4 >3000 
- I cyN-(CH2h-N 
~ ~ "CH3 
-N 

NCN 
II 

Cimetidine CH3 I I CH2-S-(CH2h-NH-C 450000 800 33000 
I 

HN0N NH-CH3 

Thioperamide r=rCN-~-NH--o >100000 >10000 4 

HN0N S 
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neurotoxin, they appear to be at least partly located on neuronal membranes, 
where they may act as post-synaptic receptors. HI receptors also seem to be 
present on glial cells and cerebral microvessels (Gross 1985), on which they 
may mediate smooth-muscle contraction or permeability changes, or both, eli­
cited by histamine. 

HI-receptor stimulation triggers various responses in neural tissues such as 
cyclic guanosine monophosphate formation, glycogenolysis, or augmentation 
of cyclic adenosine monophosphate (cyclic AMP) accumulation, which all ha­
ve in common a requirement for intact cells and the presence of Ca2+ in the 
external medium. It is therefore likely that Ca2+ mobilization is a universal 
consequence of HI-receptor activation. 

An early cellular event associated with activation of many receptors me­
diating Ca2+ mobilization is the hydrolysis of inositol phospholipids with ge­
neration of the two second messengers: diacylglycerol, a protein kinase C acti­
vator, and inositol phosphates which mobilize Ca2+ from intracellular stores. 
That HI receptors belong to this category was first suggested by the observa­
tion that their stimulation accelerates the incorporation of inorganic 32p into 
cerebral phospholipids in vivo. More recently, activation of the phosphatidyl­
inositol cycle by stimulation of HI receptors in brain slices was demonstrated 
by monitoring accumulation of pH]inositol phosphate in the presence of Li + , 

an inositol phosphatase inhibitor (Carswell et al. 1985). 
Although HI receptors are not directly coupled to adenylate cyclase, their 

activation in brain slices results in an increased accumulation of cyclic AMP 
when cyclase-coupled receptors, e.g. histamine H2 receptors, adenosine A2 re­
ceptors, or p-adrenoreceptors, are simultaneously activated. Both types of in­
tracellular second messengers generated by the phosphatidylinositol cycle, 
diacylglycerol and inositol phosphates, seem to be involved in this potentia­
ting effect (Garbarg and Schwartz 1988). 

From a physiological point of view, stimulation of cerebral HI receptors 
powerfully triggers the release of vasopressin and, possibly, of adrenocortico­
tropin. 

Finally, most Hcreceptor antagonists easily crossing the blood-brain 
barrier cause sedation or drowsiness ("mental clouding"), presumably attribu­
table to impairment of the arousal function of histaminergic neurons 
(Schwartz 1977). This common side effect of "classical" antihistamines used 
in allergy has led to the recent development of several compounds, such 
as mequitazine, terfenadine, and astemizole, which do not easily cross 
the blood-brain barrier and are, therefore, largely devoid of sedative side ef­
fects. 

2.2 H2 Receptors 

Impromidine, a partial but highly potent and rather selective agonist, and a 
series of antagonists, the prototype of which is cimetidine, define the H2 recep­
tor pharmacologically (Table 1). These two compounds, as well as other selec­
tive agonists (e.g. dimaprit) or antagonists (e.g. ranitidine, tiotidine, and fa-
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motidine) are hydrophilic molecules which do not easily cross the blood-brain 
barrier. 

As in other tissues, H2 receptors in the brain are coupled with adenylate 
cyclase, and their stimulation in guinea-pig hippocampal membranes increa­
ses the activity of the enzyme by about threefold. By contrast, histamine sti­
mulates cyclic AMP accumulation in hippocampal slices by 10- to 20-fold, but 
in this preparation, the response involves both H 1 and H2 receptors. Another 
difference between the Hrreceptor mediated cyclic AMP response in cell-free 
and whole-cell preparations is that, in the former, a number of compounds, 
e.g. several tricyclic antidepressants, display anomalously high antagonist ac­
tivity. This is not the case in whole-cell preparation, a difference which is still 
poorly understood, but which casts some doubts on the hypothesis that H2-
receptor blockade in brain represents the common mechanism of antidepres­
sant action of tricyclic compounds (Nowak et al. 1983). 

Lesion and subcellular fraction studies suggest that H2 receptors are loca­
ted on neurons, and that some synaptic actions of histamine are mediated by 
cyclic AMP. The cyclic nucleotide could well act in the target neuron by decre­
asing a Ca 2 + -activated K + conductance, presumably via protein phosphory­
lation reactions. In turn, this conductance effect results in a disinhibition of 
target neurons, which thereby become more sensitive to a variety of excitatory 
signals such as those mediated by the neurotransmitter glutamate (Haas 
1984). Because histamine also has a slight hyperpolarizing effect, also media­
ted by H2 receptors, stimulation of the latter results in an enhancement of 
signal-to-noise ratio in targets cells: their responses to stimuli near action po­
tential threshold are inhibited whereas responses to larger stimuli are enhan­
ced. Other neurotransmitters which, like histamine, are released by highly di­
vergent neurons projecting to the whole cerebral cortex (e.g. noradrenaline or 
acetylcholine) seem to act through similar mechanisms (when ac 
adrenoreceptors and Ml muscarinic receptors are involved). All these neuro­
transmitters, by sharing this essentially modulatory mechanism, may have a 
"waking" effect, increasing the awareness to a variety of specific stimuli. 

In agreement with this idea, the activity of histaminergic neurons, like that 
of noradrenergic neurons, is increased during arousal and almost abolished 
during slow-wave sleep (V anni-Mercier et al. 1984). 

Finally, H2 receptors in the hypothalamus mediate hypothermia and, pos­
sibly, the release of the pituitary hormone prolactin. 

3 The Presynaptic H3 Receptor: Definition and Design 
of Potent and Selective Ligands 

The third histamine receptor was only recently discovered and differs from the 
two others both by its pharmacology (hence its designation as H 3) and by its 
localization (Arrang et al. 1983, 1985, 1987 a, b). It is exquisitely sensitive to 
histamine and, even more, to the chiral agonist (R)a-methylhistamine, which 
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is active at nanomolar concentrations whereas the S isomer is approximately 
100-fold less potent. A potent and highly selective antagonist, thioperamide, 
has also recently been rationally designed (Arrang et ai. 1987b). Whereas H I-
receptor antagonists are ineffective, some H2-receptor agonists (e.g. impromi­
dine) or antagonists (e.g. burimamide) are reasonably potent Hrreceptor an­
tagonists. This last feature suggests that some actions of histamine previously 
categorized as being mediated by H2 receptors might, in fact, be attributable 
to H3-receptor activation. 

Histamine inhibits its own depolarization-induced release via stimulation 
ofH3 receptors in slices of various brain regions as well as in isolated nerve en­
dings, indicating that they are autoreceptors involved in a local feedback regu­
lation of histamine neurons. It should be underlined that this action is only 
observed when endogenous stores are labelled with the precursor 3H-Iabelled 
amino acid and not with preformed [3H]histamine, presumably because the 
latter is not selectively taken up into histaminergic axons. In addition, activa­
tion of H3 receptors inhibits the depolarization-induced stimulation of 
[3H]histamine synthesis (Arrang et ai. 1987 a). 

4 Radioligand Assay and Visualization ofH3 Receptors 

The high apparent affinity of (R)o:-methylhistamine in functional studies sug­
gested that the drug might constitute, when radiolabelled, a suitable probe for 
H3-receptor assay and visualization. 

Indeed, [3H](R)o:-methylhistamine was found to bind in a reversible and 
saturable manner to cerebral cortex membranes with a KD of 0.5 nM derived 
from either saturation kinetics or dissociation/association rates and a maxi­
mal number of sites representing 30 ± 3 fmol/mg protein (Table 2; Arrang et 
aI., in preparation). In comparison, HI and H2 receptors appear significantly 
more abundant. 

Sites labelled with [3H](R)o:-methylhistamine were pharmacologically 
identified as H3 receptors by competition studies with a variety of compounds 
whose potencies relative to histamine (for agonists) or K j (for antagonists) we­
re in good agreement with corresponding values derived from functional stu-

Table 2. [3H] (R) (I(-Methylhistamine binding to H3 receptors of membranes from rat cerebral 
cortex 

Parameter 

Rate of association 
Rate of dissociation 
Dissociation constant (kinetic) 
Dissociation constant (at equilibrium) 
Capacity (Bmax) 
Capacity in the presence of 0.1 mMGppNHp 

Value 

0.146 min- 1 nM- 1 

0.045 min- 1 

0.31 nM 
0.43 nM 
30 ± 3 fmol/mg protein 
12±5 fmol/mgprotein (-60%) 
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dies (Table 1). Nevertheless, it can be noticed that Ki values of histamine and 
agonists in binding studies were generally five to ten times lower than their 
corresponding ECso values in functional studies. This difference might corre­
spond to differences in the ionic composition of media used in binding and 
functional studies or to the selective labelling of H3 receptors in a discrete 
conformational state with high affinity for agonists. The latter hypothesis is 
consistent with the effect of a non-hydrolysable analogue of the nucleotide 
guanosine triphosphate which markedly decreases the binding of the agonist 
(Table 2). 

In autoradiographic studies performed with the same ligand (Fig. 1), H3 
receptors were found fairly widespread in rat brain, as previously shown in re­
lease studies. Telencephalic areas such as the cerebral cortex (particularly in its 
most rostral part), striatum, hippocampus (molecular layer of the dentate gy­
rus), lateral septum, bed nucleus of the stria terminalis, and olfactory nuclei, 
to which diffuse projections of the ascending histaminergic neurons have been 
evidenced, showed the highest grain densities. In contrast, the cerebellum (all 
layers), brainstem or mesencephalon (except a few areas, such as the substan­
tia nigra), \\Fhich contain a lower density of projections, showed fainter label­
ling. In posterior hypothalamus a thin band of dense labelling was observed in 
the perimamillary area, which is known to contain most histamine perikarya, 
suggesting the presence of H3 receptors on the latter. However, in the remain­
der of hypothalamus, in which levels of L-histidine decarboxylase and hista­
mine are much higher than in telencephalon, a relatively low labelling was 

. \ 

•• ~ oJ' ., 

Fig. I. Autoradiographic visualization of histamine H3 receptors in rat brain using [3H](R)IX­
methylhistamine as a probe. Left, non-specific binding (in the presence of thioperamide); 
right, total binding 
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sis was measured 10 min after intravenous administration of [3H]L-histidine; [3H]histamine 
was isolated by ion-exchange chromatography 
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observed. This may indicate that H3 receptors are not restricted to histaminer­
gic neurons, a hypothesis recently confirmed by lesion studies (pollard et aI., 
in preparation). 

5 Histamine H3 Receptors Control 
Cerebral Histamine Turnover In Vivo 

With the recent design of brain-penetrating ligands selectively interacting with 
H3 receptors, it has become feasible to test the role of these receptors in the 
control of histamine turnover in rat brain in vivo. 

Whereas the activity of some monoaminergic neurons, e.g. the dopaminer­
gic neurons, seems at least partly controlled via neuronal feedback loops in­
volving post-synaptic receptors, the activity of others, such as the noradrener­
gic neurons, seems to be controlled mainly if not solely via autoreceptors. 

In the case of histamine the administration of a combination of mepyr­
amine, a HI-receptor antagonist, and zolantidine, a H2-receptor antagonist 
which, like 'the former, easily crosses the blood-brain barrier, failed to affect 
PH]histamine synthesis in the cerebral cortex. In contrast, the administration 
of (R)a-methylhistamine significantly decreased histamine turnover, as shown 
on a series of indexes: (a) the rate of [3H]histidine, its precursor amino acid; 
(b) the rate of endogenous histamine depletion after administration of a suici­
de inhibitor of L-histidine decarboxylase; (c) the steady-state level of tele­
methylhistamine, a major histamine metabolite (Fig. 2a). 

These actions were not only antagonized by thioperamide but this agent, 
when administered alone in rather low dosage, also elicited a marked eleva­
tion of turnover, indicated on the same indexes (Fig. 2 b). 

These observations indicate that these agents may constitute useful tools 
for behavioural investigations on the role of histaminergic neuronal systems in 
the brain. 

6 Histamine H3 Receptors Control 
Histamine Release in Human Brain 

It is very likely that histamine plays a neurotransmitter role in the human 
brain as in the brain of other species. Its regional distribution and that of L­
histidine decarboxylase, its specific synthetizing enzyme, seem to be roughly 
parallel to those of these markers in rodent brain. Also HI receptors could be 
characterized in membranes from human brain, and their blockade is likely to 
account for the sedative effects of many classical HI antihistamines (see 
Schwartz et aI. 1986). However, no information is available concerning hista­
mine release in the human brain. 

We have recently studied this problem using samples of fresh human cere­
bral cortex obtained during surgical removal of deep tumors (Arrang et aI. 
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Fig. 3. Evidence for histamine H3 
receptors in human brain. Slices 
of human cerebral cortex were 
prepared from fresh tissue sam­
ples raised during neurosurgery 
and preincubated in the presence 
of[3H]histidine. Neo-synthetized 
[3H]histamine was released by 
30-mM K + in the absence 
(100% release) or the presence of 
exogenous histamine added in 
increasing concentration. The 
maximal inhibition elicited by 
exogenous histamine was about 
60% and occurred with an EC50 
of 35 nM, which was shifted to 
2200 nM in the presence of 1-J-lM 
thioperamide, leading to a Ki of 
16 nM for the latter 

1988). Slices were prepared and labelled with [3H]histidine according a proce­
dure essentially similar to that used with rat brain tissues (Arrang et al. 1983). 
[3H]Histamine was released upon depolarization elicited by 30-mM K + , and 
this release was progressively inhibited, by up to 60%, in the presence of exo­
genous histamine with an ECso of 35 ± 5 nM (Fig. 3). The concentration­
response curve to the amine was rightward shifted in the presence ofthiopera­
mide, leading to a Ki value of the compound of around 10 nM. 

These observations identify H3 receptors as mediating the autoinhibition 
of histamine release in human brain and suggest that their pharmacology is si­
milar to that of corresponding receptors in rodents. 
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Targets for Neurotransmitter Receptor Research 
Using PET Scan: The Neuroleptic Binding Site * 
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1 Introduction 

Using positron emission tomography (PET) and high-affinity positron­
emitting labelled radioligands administered in trace amounts, it is possible to 
investigate in vivo in humans a variety of brain neuroreceptors (Baron 1987). 
With this method one obtains a series of transaxial tomographic brain images 
that quantitatively represent the specifically bound radioligand an ("in vivo 
receptor autoradiography"). Various approaches and models have been and 
are still· being developed in order to measure, in a quantitative or semi­
quantitative way, the regional density and affinity of the neuroreceptor under 
study (Baron 1987). 

Presently available applications in clinical PET research in the field of 
neurotransmitter receptors include studies of the dopamine O 2 receptor using 
spiperone derivatives (Wagner et al. 1983; Maziere et al. 1985; Hagglund et al. 
1987; Perlmutter et al. 1987; Arnett et al. 1985) or raclopride (parde et al. 
1986), the dopamine 0 1 receptor using SCH 23390 (Farde et al. 1987b), the 
serotonin S2 receptor using setoperone (Blin et al. 1988) or methylbromo-LSD 
(Wong et al. 1987), the p-opiate receptor using carfentanil (Frost et al. 1985) 
and the central-type benzodiazepine receptor using flumazenil (Samson et al. 
1985; Persson etal.1987; Shinotoh et al. 1986; Pappataet al. 1988). 

In vivo studies of dopamine D2 receptors in the corpus striatum using PET 
have mainly been pathophysiological investigations in ageing and ex­
trapyramidal disorders (Wong et al. 1984; Baron et al. 1986; Hagglund et al. 
1987; Perlmutter et al. 1987) and in drug-naive schizophrenics (Wong et al. 
1986; Farde et al. 1987). More recently, however, preliminary studies have 
used PET to evaluate the rate of occupancy of striatal dopamine O 2 receptors 
by orally given neuroleptics. For example, Farde et al. (1986, 1988) reported 
that a wide range of typical and atypical neuroleptics administered in doses 
titrated for antipsychotic efficacy induced a narrow range of dopamine D2 
receptor occupancy (65%-84%). This was taken as evidence for a dopamine 
D2 receptor related mechanism of action of antipsychotic drugs. Farde et al. 
(1988) also reported that for up to 54 h following withdrawal of haloperidol or 
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sulpiride, there was a rapid fall in serum drug level without significant changes 
in D2 receptor occupancy, suggesting a curvilinear relationship between spe­
cific binding of the drug in striatum and free drug concentration in the brain. 
In six patients on chronic neuroleptic treatment, Cambon et al. (1987) demon­
strated a curvilinear relationship between daily drug dosage and occupancy 
rate, suggesting that the latter can be confidently predicted from knowledge of 
the former. They also showed that, following drug withdrawal in eight pa­
tients, return to normal levels of available sites occurred within 3-12 days. 
This indicated that neuroleptics are rapidly cleared from their central binding 
sites after withdrawal, and that the prolonged remission of psychotic symp­
toms after drug withdrawal is not due to persistent dopamine D2 receptor oc­
cupation but to a more protracted pharmacological effect. 

We have expanded this study and present here the updated results. 

2 Patients 

Ten patients were studied while on chronic treatment with phenothiazine or 
butyrophenone neuroleptics for over 1 month; one patient (case 10) had been 
treated for 11 days only (Table 1). A wide range of doses was ensured by 
selecting patients with a variety of neurological or psychiatric indications for 
neuroleptics. Other drugs such as anticholinergics, benzodiazepines, or anti­
depressants were not withdrawn. The daily dose of neuroleptic was expressed 
in terms of chlorpromazine equivalents, based on standard equipotence tables 
and, when unavailable for a given drug, on the in vitro K; for [3H]haloperidol 

Table 1. Studies on neuroleptic treatment 

Pa- Age Sex Clinical Neuroleptic Dose Chlorproma-
tient Diagnosis treatment (mg/kg zine-equivalent 
no. per day) dose 

(Ilmol/kg 
per day) 

1 62 M Alzheimer's disease Haloperidol 0.010 1.4 
2 82 M Senile dementia Haloperidol 0.017 2.4 
3 21 M Schizophrenic disorder Haloperidol 0.031 4.4 
4 79 F Senile dementia Alimemazine 0.741 6.5 
5 50 M Syphilitic dementia Haloperidol, 0.042 13.9 

levomepromazine 0.174 
6 27 M Schizophrenia Haloperidol 0.538 75.7 
7 21 M Schizophrenic disorder Haloperidol, 0.254 94.3 

levomepromazine 1.271 
8 28 M Schizophrenia Thioproperazine 1.111 222.0 
9 43 F Schizophrenia Thioproperazine 1.429 285.4 

10 65 F Korsakov's psychosis Propericiazine 0.167 13.8 
11 83 F Schizophrenic disorder Haloperidol, 0.039 15.2 

alimemazine 1.11 
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Table-2. Studies after neuroleptic withdrawal 

Patient Age Sex Clinical Neuroleptic Dose Days 
no. diagnosis treatment (mg/kg stopped 

per day) 

68 F Chronic hallucinatory Haloperidol 0.205 
psychosis 

2 a 50 M Syphilitic dementia Haloperidol, 0.042 3 
levomepromazine 0.174 

3 a 21 M Schizophrenic disorder Haloperidol, 0.254 3 
levomepromazine 1.271 

4 a 43 F Schizophrenia Thioproperazine 1.429 3 
5 25 M Schizophrenic disorder Pipotiazine, 0.145 3 

chlorpromazine 2.899 
6" 28 M Schizophrenia Thioproperazine 1.111 3 
7 72 F Post-stroke agitation Haloperidol 0.027 7 
8a 21 M Schizophrenic disorder Haloperidol 0.031 7 
9 28 M Post-traumatic depression Levomepromazine 0.291 8 

10 a 27 M Schizophrenia Haloperidol 0.538 8 
11 33 M Alcoholism Propericiazine 0.526 10 
12 60 M Vertigo Thiethylperazine 0.375 12 
13 35 M Schizophrenia Pipotiazine 0.143 90 
14 24 M Schizophrenia Pimozide 0.026 15 
15 33 M Schizophrenia Haloperidol 0.107 40 
16 a 83 F Schizophrenic disorder Haloperidol, 0.039 3 

alimemazine 1.11 
17 54 M Schizophrenia Aiimemazine, 0.58 2.5 

ciotiapine 1.15 

a Patients also studied during neuroleptic treatment. 

Table 3. Depot neuroleptics 

Pa- Age Sex Clinical Drug Dose/month Duration Days after 
tient diagnosis of last 
no. treatment injection 

58 M Schizophrenia Haloperidol, 50mg 2 years 34 
decanoate 3 

2 26 M Schizophrenia Haloperidol, 250mg 2 years 3 
decanoate 19 

3 27 M Schizophrenia Haloperidol, 150mg >6 months 120 
decanoate 

4 28 M Schizophrenia Haloperidol, 200mg 8 months 26 
decanoate 

5 54 M Schizophrenia Pipotiazine, 100mg >2 years 1 
palmitate 20 

6 34 M Schizophrenia Fluphenazine, 200mg 1 year 31 
decanoate 
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binding' and the published correlation between ~ and daily dose (Leysen 
1984; Creese et al. 1976). 

Seventeen patients were studied after a drug-withdrawal period of 1-90 
days. Seven of these patients had been previously studied while on drug (Table 
2). Finally, six patients on chronic treatment with depot neuroleptics were 
also studied. Three of these were studied twice at varying intervals, the de­
lay between the PET study and the last intramuscular injection ranging from 
1 to 120 days (Table 3). Except for four patients, each patient had a determi­
nation of plasma prolactin concentration (ng/ml) in the morning of the PET 
study. 

3 Methods 

The method has been described in detail elsewhere (Baron et al. 1986; 
Cambon et al. 1987). In brief it consists of injecting intravenously trace 
amounts (ca. 1-3 Jlg) of[76Br]bromospiperone and imaging seven slices of the 
brain for 10 min starting 5 min after injection and for 30 min starting 4.5 h 
after injection. From the last series of scans, the mean striatum/cerebellum 
(S/C) ratio of radioactive concentration was calculated by means of a valida­
ted computer-controlled method of regions-of-interest (ROI) delineation. 
Repeated PET studies after withdrawal of neuroleptics allowed delineation 
of the striatal area during the first, full-occupation study by means of dedi­
cated copy-translation ROI software. In patients in whom no washout stu­
dy was available, determination of the striatal ROI was presumably less reli­
able. 

In the applied conditions of negligible radioligand concentrations in brain 
tissue and quasi-equilibrium imaging, "cold" neuroleptics reduce the binding 
of [,6Br]bromospiperone to a density of available binding sites, B;""x, lower 
than the total receptor population Bmax- The ratio of available binding sites, 
A, is therefore equal to B;"aJBmax- It may be assumed that the free (F) and 
non-specifically bound (NS) ligand concentrations are constant, as shown by 
the lack of effects of neuroleptic treatment on the cerebellar tracer concentra­
tion at 4.5 h, which represents F +NS (Cambon et al. 1987). Therefore, Bmax 
= (B/F) (Kd + F) and B;""x = (B' /F) (Kd + F), where Band B' are the con­
centrations of specifically bound tracer in striatum in the normal and 
neuroleptic-treated conditions, respectively. It follows that A = B'/B. As B 
and B' are equal to the striatal (S) minus the cerebellar (C) radioligand con­
centration (assuming similar non-specific binding in these two structures), it 
follows that A = (S' - C)/(S - C). Dividing each term by C leads to A = 
(S'/C-1)/(S/C-1) (Eq.1). The basal value for SIC could not be measured be­
fore therapy was initiated, therefore the theoretical age-adjusted value was ta­
ken instead, using the significant (p<0.05) linear relationship found with the 
same method in our laboratory in 28 control subjects ranging in age from 18 
to 76 years: SIC = 2.222-0.006 age (years). 
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4 Results 

The observed A as a function of the daily dose in chlorpromazine equivalents 
followed a typical S-shaped dose-dependent saturation curve (Fig. 1). The cur­
ve shows little variability of A for similar dosages among different patients. 
The value found in the patient treated for only 11 days was not remarkably 
different from the values in other patients. 

Following withdrawal, there was a sharp increase in the observed value of 
A, which indicated a return to the 100% level within 6-12 days, with four ex­
ceptions. In three cases, values of A were already normal or above-normal 1-3 
days after withdrawal (patients 1, 5 and 17, Table 2), while in patient 16 the 
value was almost unchanged from pre-withdrawal value at 3 days (Fig. 2). Of 
the two patients studied long after drug withdrawal, patient 15 had a very high 
value (150%) after 40 days, while patient 13 had a close to normal value 
(86%) after 90 days. 

All patients on depot neuroleptics showed a significant receptor occupa­
tion (A range: 20%-50%), which exhibited either no change over time or a 
slight trend for increased occupation around 20 days (Fig. 3). The only subject 
studied after interruption of treatment showed a close to normal A value 
(83%) 4 months after the last injection. 

The prolactin plasma levels were linearly correlated with the correspon­
ding chlorpromazine-equivalent dosage (r=0.70, n=9, p<0.05), but the dis­
tribution of values was large, and the predictive value of the two variables 
upon each other was low. During treatment with depot neuroleptics the pro­
lactin plasma levels were very variable from subject to subject (4-39 ng/ml), 
despite more consistent receptor occupation (50%-80%). After drug withdra-
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Fig. 1. Percentage of available striatal binding sites as a function of daily dosage of oral neu­
roleptics, expressed as chlorpromazine (CPZ) equivalents (Ilmol/kg per day) in 11 patients 
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Fig.2. Percentage of available striatal binding sites over time since withdrawal of neurolep­
tics. Seventeen PET studies after drug withdrawal are represented here, as well as seven per­
formed during treatment. Lines join pre- and post-withdrawal data in the same subject 
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Fig.3. Percentage of available striatal binding sites over time since last intramuscular injec­
tion of depot neuroleptics (see Table 3). Lines join data obtained at two different occa­
sions in the same subject. • Haloperidol decanoate; 0 pipotiazine palmitate; ... fluphenazine 
decanoate 

wal, the prolactin plasma concentrations showed a rapid decline towards nor­
mal values, all values except one being within the normal range ( < 18 ng/mt) 
within 3 days of withdrawal. Patient 16 showed almost no change in receptor 
occupancy 3 days after withdrawal. After drug withdrawal there was a curvili­
near relationship between the percentage decline in prolactin plasma levels 
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Fig.4. Plasma prolactin level versus calculated percentage occupation of striatal binding sites 
in studies of patients receiving oral neuroleptic treatment (n = 9), after withdrawal of such 
treatment (n = 15), or receiving depot neuroleptics (n = 8). The curvilinear relationship indi­
cated was determined visually, not taking into consideration the latter category of studies . 
• On treatment; 0 ofT treatment; 0 depot neuroleptics 

and the increase in receptor availability (n=5). Similarly, there was a curvili­
near relationship between the prolactin plasma level and the receptor occupa­
tion (Fig. 4) during or following oral treatment. Therefore the prolactin values 
did not accurately predict either low or high receptor occupancy rates. For pa­
tients on depot neuroleptics, no correlation at all was apparent (Fig. 4). 

5 Discussion 

The results of the present study confirm our preliminary findings (Cambon et 
al. 1987) in a larger number of subjects. New information regarding depot 
neuroleptics and correlations with prolactin levels were also obtained. 

Despite a relatively high non-specific binding of bromospiperone, which 
results in a comparatively low SIC ratio, our method is particularly reliable 
because the amount oflabelled drug administered is consistently very low, and 
because the SIC ratio is measured between 4.5 and 5 h after injection, when 
"quasi-equilibrium" is achieved and dependence on accessibility rate and 
blood flow is negligible (Baron et al. 1986; Maziere et al. 1985). The latter 
point is probably the reason for the remarkable stability of C, the cerebellar 
relative tracer uptake, in ageing, degenerative brain disease and under neuro-
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leptic medication (Baron et al. 1986; Cambon et al. 1987). Under these condi­
tions, and assuming a stable Kd , the SIC ratio is a reliable representation of the 
density of available binding sites in striatum, as shown by its ability to detect 
in vivo the loss of dopamine D z receptors that occurs during ageing and in 
progressive supranuclear palsy (Baron et al. 1986). 

The calculation of A, the percentage of available sites, using Eq. (1) relies 
on a number of assumptions: 

1. Stable value for C among normals, treated, and untreated patients, which 
was verified earlier (Cambon et al. 1987). 

2. Similar non-specific binding of [76Br]bromospiperone in striatum and cere­
bellum. Data from rat studies (Laduron et al. 1978; Barone et al. 1985) and 
from one normal human brain in our laboratory (unpublished) suggest a 
ca. 25% higher NS in striatum. The overestimation of A resulting from this 
error is only a few percent at low occupancy and up to 25% for the highest 
occupancy found here, indicating that full receptor occupation was almost 
reached in our most heavily treated subjects (Fig. 1). On the other hand, 
this error underestimates abnormally with A values, up to 16% in patient 
15, whose uncorrected A value 40 days after drug withdrawal was 150%. 

3. A "normal" baseline SIC ratio, i.e. no effect of either the underlying psycho­
pathology or the neuroleptic treatment on the dopamine D z receptors in 
the striatum. At variance with the report of Wong et al. (1986), both Farde 
et al. (1987 a) and we (Martinot et al. 1989) found no significant change in 
striatal dopamine D z receptors in whole samples of drug-naive schizophre­
nics. Although up-regulation of the dopamine D z receptors has been well 
described in rats chronically treated with neuroleptics (Jenner and Mars­
den 1983), no definitive evidence for this effect has yet been reported in hu­
mans. However, following drug withdrawal the A value was above 140% in 
two of our patients, possibly reflecting receptor up-regulation (Fig. 2). If a 
50% increase in dopamine D z receptor density is assumed during treat­
ment, then the calculated A values are consistently overestimated by only a 
few percent at high occupation rates but by up to 33 % at an uncorrected A 
value of 100%. This would suggest a somewhat slower rate of neuroleptic 
washout than indicated in Fig. 2. PET studies of patients withdrawn from 
neuroleptics for 15-40 days would be needed to address this issue. 

The dose-dependent occupation of striatal dopamine D z receptors shown 
in Fig. 1 suggests that a r~liable estimation of the rate of receptor blockade can 
be inferred from the oral daily dose of neuroleptics. Since the chlorpromazine­
equivalent dose was calculated from clinically determined equipotence tables, 
our finding would support the hypothesis that the antipsychotic action of neu­
roleptic drugs is related to their dopamine D z receptor blocking effect. The 
lack of complete receptor occupation, as discussed above, is presumably an 
artefact of the method, which could easily be corrected. The data shown in 
Fig. 2 indicate that a dose of about 6llmol/kg per day (ca. 2 mg/kg per day) is 
needed to achieve a 50% receptor occupation, while full occupation would be 
reached for doses of about 80 Ilmol/kgper day (ca. 28 mg/kg per day). Beyond 
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this dose range no further benefit concerning antipsychotic effect, but unwan­
ted side effects, may be anticipated. Also, our data, showing no therapeutic 
window, suggest that patients who do not respond to large doses ofneurolep­
tics are nevertheless likely to have achieved full occupancy of their dopamine 
D2 receptors, pointing to a dopamine-unrelated psychosis. 

The reliability of our method to estimate dopamine D2 receptor occupa­
tion despite the well-known variability in pharmacokinetics and bioavailabili­
ty of neuroleptics, is striking. It suggests that the poor correlation observed 
between therapeutic effects and plasma concentration of neuroleptics (Midha 
et al. 1987; Ortiz and Gershon 1987) is due to the variable occurrence ofphar­
macologically active metabolites. In support of this hypothesis, the radiore­
ceptor assay of antidopamine potency in serum has provided better correla­
tions both between drug dosage and serum level and between the latter and 
clinical effects (Krska et al. 1986; Midha et al. 1987). We found our PET me­
thod much more sensitive in the evaluation of receptor occupancy than the 
plasma prolactin level (Fig. 4). This is in accordance with recent reviews indi­
cating a wide inter-subject variability in this peripheral marker, presumably 
because of inter-subject differences in both response and long-term tolerance 
to dopamine receptor blockade (Meltzer et al. 1983; Davis et al. 1984; Gunnet 
and Moore 1988). 

Treatment with depot neuroleptics resulted in a 50%-80% occupancy rate 
of dopamine D2 receptors (Fig.3), indicating that the regimens were consi­
stently efficient despite the variety of drugs and doses used. The fact that this 
range of occupancy was maintained throughout the whole monthly interval 
demonstrates a genuinely stable delivery of neuroleptics to the pharmacologi­
cal targets in the central nervous system by this route, consistent with pharma­
cokinetic data (Jergensen 1986). The latter, however, indicate a progressive 
drop in plasma level concentrations which probably is too small to have signi­
ficant influence on elevated occupancy rates. The fact that there was a comple­
te lack of correlation between prolactin levels and receptor occupation in 
depot-treated patients (Fig. 4) would indicate a particularly efficient tolerance 
effect in the endocrine response when the plasma drug level is not subject to 
nyctohemeral variations, as has been shown in rats for dopamine up­
regulation (Kashihara et al. 1986). 

After interruption of chronic oral neuroleptic treatment, there was a rapid 
return towards normal receptor occupation (Fig. 2), which paralleled and was 
curvilinearly related to the fall in prolactin levels. Although difficult to ascer­
tain because of possibly increased receptor density as an effect of treatment it­
self (see above discussion), the actual time necessary for complete elimination 
of neuroleptic drugs from striatum lies between 5 and 15 days at most, al­
though it could be shorter in some cases and slower in others (Fig. 2). This is 
perhaps a function of the pharmaceutical used or of individual factors such as 
age (the only patient with essentially no change in occupation after 3 days of 
withdrawal was 83 years old) or associated medication (Dahl and Hals 1987). 
Farde et al. (1988) reported no fall in D2 receptor occupation following with­
drawal of sulpiride or haloperidol, but the interval was 27-54 h, and only two 
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patients were studied. Previous belief that receptor occupation would last for 
weeks or even months following oral neuroleptic withdrawal was based not 
only on the slow rate of relapse of psychotic symptoms (Davis and Andriukai­
tis 1986) but also on the duration of both extrapyramidal side effects in pa­
tients and behavioural disturbances in rats (Hershon et al. 1972; Campbell et 
al. 1985; Marsden et al. 1975). From our data, it must be inferred that these 
pharmacological effects are not due to sustained dopamine receptor blockade. 
This has implications not only for the long-term antipsychotic action of neu­
roleptics, which may involve more durable changes either in the dopaminergic 
transmission, or in a step beyond drug-receptor interaction, but also for some 
of their side effects as well as for the pathophysiology of psychosis. 

Our results are consistent with the reported 96% fall in serum neuroleptic 
activity 2 weeks after withdrawal (Bagdy et al. 1985) and with the rapid fall in 
prolactin level observed after drug interruption (Meltzer et al. 1983; Gunnet 
and Moore 1988). Although phenothiazines accumulate to some extent in rat 
brain after repeated systemic administration, their rate of elimination from 
brain is not affected, with a t1/Z remaining around 6 h for chlorpromazine 
(Mahju and· Maickel1969). After chronic dosage with tritium-labelled chlor­
promazine or prochlorperazine to monkeys, recovery of radioactivity from ex­
cretion was complete in 10-20 days (Forrest et al. 1974). Finally, in vivo 
[3H]spiperone studies in rats have shown a return to normal or above-normal 
radioactivity levels in the striatum within days of neuroleptic withdrawal (Sae­
lens etal. 1980; Ferrero etal.1983; Owen et al. 1983). 

In two of our patients, a significant up-regulation of the Dz receptors, un­
masked by neuroleptic washout, was observed (Fig. 2), as early as 3 days post­
withdrawal in one patient. The time course and clinical correlates, if any, of 
this effect require further investigation. 
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The Potential of Positron-Emission Tomography 
for Pharmacokinetic and Pharmacodynamic Studies 
of Neuroleptics * 
L. FARDE1, F.-A. WIESEL 1, L. NILSSON 2,andG. SEDVALL 2 

1 Introduction 

The antipsychotic effect of neuroleptic drugs is well established (Delay and 
Deniker 1957; Klein and Davis 1962). The individual response to treatment 
with neuroleptic drugs is, however, highly variable. Some patients do not 
respond to treatment, and in some patients severe side effects are recorded. 
For such reasons there is a need for useful methods to examine the mechanism 
of antipsychotic drug action in patients and for measures to guide the 
determination of proper dosage. During the past 20 years techniques have 
been available for the measurement of drug concentrations in body fluids. 
Despite a large number of studies on the relationships between serum drug 
concentrations and antipsychotic effect, no consistent relationships have been 
generally confirmed (Dahl 1986). 

It is widely accepted that the therapeutic effect of neuroleptic drugs is re­
lated to their ability to antagonize the action of the neurotransmitter 
dopamine (Carlsson and Lindqvist 1963; Creese et al. 1976; Seeman et al. 
1976). This hypothesis is supported by the demonstration of a linear 
relationship between drug affinity for central dopamine D2 receptors in 
animals and antipsychotic potency in man, while no such relationship has 
been demonstrated for any other central receptor (Peroutka and Snyder 
1980). Previously it had not been possible to test this hypothesis in man. The 
development of positron emission tomography (PET) has now made it 
feasible to study radioligand binding to receptors in the living human brain 
(Wagner et al. 1983; Sedvall et al. 1986). After intravenous injection of a 
ligand labelled with a positron-emitting isotope, the PET camera system 
measures regional brain radioactivity over time. Measurements of radioac­
tivity and ligand metabolism in arterial blood and plasma during the PET ex­
periment provides additional information for the interpretation of regional 
brain activity in terms of quantitative receptor characteristics . 
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Each radio labelled ligand has a unique set of characteristics that 
determines its usefulness for PET studies (Sedvall et al. 1986). Not only recep­
tor characteristics such as specificity, affinity and the relative degree of non­
specific binding are of importance but also ligand metabolism, distribution 
volume and lipophilicity. Although only a few compounds are suitable as 
radioligands for receptor studies with PET, the receptor binding of a great 
number of drugs can be characterized in vivo, since the receptor binding can 
be examined indirectly by studying the interaction of those unlabelled drugs 
with a selective labelled compound. 

Raclopride is a highly selective dopamine D2 receptor antagonist. Equi­
librium is rapidly established after ligand injection, allowing the determina­
tion of receptor density (BmaJ and affinity (Kd) by a saturation procedure. By 
varying the specific activity in a series of experiments, Bmax and Kd have been 
calculated from saturation curves and Scatchard plots (Farde et al. 1986b). 
Initial studies with clinical doses of raclopride in schizophrenic patients indi­
cate that the receptor population examined with PET is a population by which 
antipsychotic effect may be mediated (Farde et al. 1988 c). 

In the present paper, the application of PET will be discussed in relation to 
the examination of four issues: (a) The relationship between drug concentra­
tion in plasma and drug concentration in brain; (b) identification of the recep­
tor population by which the antipsychotic effect of neuroleptics is mediated; 
(c) the relationship between the drug concentration in brain and the degree of 
central dopamine D2 receptor occupancy; and (d) the relationship between 
central dopamine D2 receptor occupancy and antipsychotic effect or side ef­
fects. 

2 Methods 

Patients recruited for the studies satisfied DSM-IIIR criteria for schizophrenic 
disorder. Patients on antipsychotic drug treatment had been treated for at 
least 1 month. The reference group of 15 drug-naive schizophrenics has been 
described elsewhere (Farde et al. 1987). 

The synthesis of [llC]-raclopride in PET experiments has been described 
in detail elsewhere (Farde et al. 1988 b). In brief, [llC]raclopride was prepared 
by alkylation of the corresponding desmethyl analogue using 
[11C]methyliodide. In each experiment 100 MBq [l1C]raclopride was injected 
intravenously (specific activity, 110-800 Ci/mmol). Brain radioactivity was 
followed with a PC384B PET system (Scanditronix, Sweden) by sequential 
scans for 51 min. Regional radioactivity was measured for each sequential 
scan, corrected for llC decay, and plotted against time. Radioactivity in 
venous blood was measured using a well counter. Specific binding in the 
putamen (B) was defined as the difference between radioactivity in the 
putamen, a region with a high density of dopamine D2 receptors and the 
cerebellum, a region with a negligible density of dopamine D2 receptors. 
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Radioactivity in cerebellum was used as an estimate of the free radioligand 
concentration in the brain (F). The concept of dopamine D2 receptor oc­
cupancy was defined as the percentage reduction in the ratio BjF in relation to 
the mean value in 15 drug-naive schizophrenic patients (mean, 3.55; SD, 0.63). 

The level of protein binding in plasma was also determined in PET experi­
ments on eight drug-naive schizophrenic patients. A blood sample was drawn 
before the experiment, and the plasma was frozen for an in vitro determina­
tion of the protein binding of raclopride. Protein binding was determined by 
ultrafiltration. Plasma blanks from each subject were used, and raclopride was 
added, giving plasma concentrations of 2 IlM. The samples were kept at 37°C, 
and the pH was adjusted to 7.4 prior to ultrafiltration. The compounds were 
extracted from the ultrafiltrate to an organic phase at alkaline pH. After 
evaporation of the organic phase and redissolution in buffer, the concentra­
tion of raclopride was determined by reversed-phase liquid chromatography. 

3 Relationship Between Drug Concentration 
in Plasll)a and Drug Concentration in Brain 

Mter the intravenous injection of P lC]raclopride in eight patients with 
schizophrenia, radioligand concentration was measured in brain with PET 
and in plasma with a well counter. The concentration values 12 min after ligand 
injection were chosen for analysis; at this time point a constant ratio has been 
established between radioligand in brain and in plasma, and more than 90% 
of radioactivity in blood represents unchanged [llC]raclopride (Farde et al. 
1987). The patients had similar radioligand concentrations in plasma but a 
nearly three-fold variation in the brain concentration of radioligand (Fig. 1, 
inset). Plasma protein binding varied from 92% to 97%. A correlation was 
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shown (r=0.78) between free (not protein-bound) radioligand concentration 
in plasma and ligand concentration in brain (Fig. 1). This correlation indicates 
that the brain concentration of drugs reflects the free concentration and not 
the total concentration in plasma. 

Several neuroleptics have a high and sometimes concentration-dependent 
degree of protein binding in plasma (Jorgensen 1986). In future studies on the 
relationship of plasma levels to antipsychotic effect, efforts must be made to 
correct for individual variation in plasma protein binding. 

4 Identification of Target Receptors 
for the Antipsychotic Drug Action 

In each of the patients treated with one of 11 chemically distinct antipsychotic 
drugs, there was a marked reduction of radioactivity in the putamen when 

Table 1. Dopamine D2 receptor occupancy in patients treated with 
psychoactive drugs 

Dose Receptor 
occupancy 

(mg) (%) 

Phenothiazines 
Chlorpromazine 100h.i.d. 80 
Thioridazine 100 tj.d. 75 
Trifluoperazine 5 h.i.d. 80 
Perphenazine 4 h.i.d. 79 
Perphenazine 30 h.i.d. 88 8 

Thioxanthenes 
Flupenthiol 5 hj.d. 74 

Buthyrophenones 
Haloperidol 6 hj.d. 86 8 

Haloperidol 3 h.i.d. 85 8 

Haloperidol 3 hj.d. 89 8 

Haloperidol 2 h.i.d. 81 8 

Melperone 100tj.d. 70 

Diphenylhutyls 
Pimozide 4hj.d. 77 8 

Dibenzodiazepines 
Clozapine 300hj.d. 65 

Suhstituted benzamides 
Sulpiride 400hj.d. 82 
Sulpiride 400h.i.d. 73 
Sulpiride 400hj.d. 68 
Raclopride 4hj.d. 72 
Raclopride 3hj.d. 65 

8 Extrapyramidal effects were recorded in connection with the PET ex­
periment. 
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compared to the mean value previously obtained in the drug-naive 
schizophrenic patients (Table 1). The dopamine D2 receptor occupancy calcu­
lated for the different antipsychotic drug treatments varied between 65% and 
89%. 

The dopamine D2 receptor is the only central receptor to which all classes 
of antipsychotic drugs have affinity in vitro (peroutka and Snyder 1980). Our 
finding that clinical doses of all the 11 chemically distinct antipsychotic drugs 
induce a 65%-87% occupancy of the central dopamine D2 receptors 
represents strong support for the hypothesis that the mechanism of action of 
antipsychotic drugs is indeed related to a substantial degree of dopamine D2 
receptor occupancy. 

5 Relationship Between Drug Concentration in Brain 
and Central Dopamine D2 Receptor Occupancy 

The theoretically expected curvilinear relationship between neuroleptic drug 
concentration in plasma and dopamine D2 receptor occupancy (Fig.2) has 
been confirmed either by repeated PET scans at different plasma concentra­
tions in the same individual (Farde et al. 1986b, 1988 a), by one PET scan in 
each patient of a group treated with different doses of various neuroleptics 
(Cambon et al. 1987) or by one PET experiment in each patient of a group 
treated with different doses of haloperidol (Smith et al. 1988). 

The findings are illustrated by an experiment in a patient treated with sul­
piride (600 mg bj.d.). Receptor occupancy and serum drug concentrations 
were followed for 27 h after withdrawal (Farde et al. 1988). PET experiments 
were performed 3, 6 and 27 h after the last dose. The dopamine D2 receptor 
occupancy remained above 65% for 27 h, in spite of a several-fold reduction 
in the serum concentration. In a patient withdrawn from haloperidol (6 mg 
bj.d.) receptor occupancy and serum drug concentrations were followed for 
54 h. Three PET experiments were performed 6, 30 and 53 h after the last 
dose. A reduction of only a small percentage in dopamine D2 receptor oc-
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Fig. 2. Theoretical hyperbolic 
relationship between free radioli­
gand concentration and the 
degree of receptor occupancy. 
During antipsychotic drug treat­
ment a part of the hyperbola is 
reached that approaches a hori­
zontal asymptote. Dotted lines 
show that a major increase in free 
ligand concentration at the 
asymptotic part of the hyperbola 
causes only a minor increase in 
dopamine O 2 receptor occupancy 
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cupancywas observed, in spite of a several-fold reduction of the haloperidol 
serum concentration (Fig. 2). 

In a patient treated with sulpiride (800 mg bj.d.) the dose was reduced 
stepwise from 1600 to 1200, 800, 400 and 0 mg daily. A period ranging from 9 
days to 3 weeks elapsed between each dose reduction. The reduction in 
dopamine Dz receptor occupancy in relation to dose followed a curve with a 
hyperbolic (curvilinear) shape while the curve of reduced serum concentration 
of sulpiride had a linear shape. 

Clinical doses of neuroleptics are high enough to give a receptor oc­
cupancy that approaches the horizontal part of the binding hyperbola (Fig. 2). 
An increased or reduced dose at this part of the hyperbola produces only a 
small alteration in receptor occupancy at the already nearly saturated 
dopamine D z receptors. In several studies, similar antipsychotic effects have 
been reported on widely different doses and concentration levels of neurolep­
tic drugs in schizophrenic patients (Wode-Helgodt et aI. 1978; Baldessarini 
and Davis 1980; Marder et aI. 1984; Wiesel et aI., this volume). This marked 
variation of doses and concentrations producing similar effects may be ex­
pected if the horizontal part of the hyperbola is approached during treatment 
with antipsychotic drugs. 

6 Relationship of Central Dopamine D2 Receptor Occupancy 
to Antipsychotic Effect and Side Effects 

By relating dopamine D z receptor occupancy to antipsychotic effect it may be 
possible to define a "threshold occupancy" for the effect. The detailed 
relationships between the degree of dopamine D z receptor occupancy and 
drug effects have, so far, not been studied. However, it is of interest that all the 
patients in our study with a receptor occupancy above 65% responded well to 
the treatment. Six patients had observable extrapyramidal side effects (Table 
1). One of these patients had akathisia when treated with 6 mg haloperidol 
bj.d. His dopamine D z receptor occupancy ,was then 86%. He was sub­
sequently treated with 4 mg bj.d., with a maintained antipsychotic effect but 
no extrapyramidal side effects. At that time his receptor occupancy was 84%. 
The observable extrapyramidal side effects were recorded only in patients with 
a comparatively high dopamine D z receptor occupancy (Table 1). On the ba­
sis of these initial results we suggest that a threshold occupancy also may exist 
for the extrapyramidal side effects. 

Acknowledgement. The assistance of the members of the Stockholm PET group involved in 
the PET experiments is gratefully acknowledged. 
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Neurotransmitter Interactions as a Target of Drug Action 

W. Z. POTTER 1, J. K. HSIAO 1, and H. AGREN 2 

The characterization of neuroleptics and antidepressants as dopamine 
antagonists and monoamine uptake or monoamine oxidase (MAO) inhibitors 
led to various strategies for measuring these biochemical parameters in 
humans. Not until the late 1970s, however, were relevant analytical methods 
sufficiently developed to permit widespread clinical investigations. We will 
briefly review the results emerging from application of these methods in clini­
cal studies designed to ascertain whether drugs alter or correct the postulated 
abnormalities in particular neurotransmitters. We will then focus on 
relationships between neurotransmitters as additional targets of drug action 
and consider the possibility that such actions may ultimately prove more im­
portant than effects on any single neurotransmitter. 

1 Drug Effects on Neurotransmitters in Man 

Until recently, there have been no methods to study directly pharmacologic 
effects on neurotransmitters; positron-emission tomography (PET) may be 
the first. Psychopharmacologists therefore relied on indirect measures of 
neurotransmitter turnover, first in animals and then in humans. A useful 
definition of turnover as a rate term is: the amount moving in (or out) of a 
fixed pool at steady state per unit time. It should be immediately apparent that 
the only compartments in which one can directly measure a total amount 
produced are those from which no elimination occurs; for all practical pur­
poses in clinical studies this means urine. For instance, we have found that the 
total excretion in urine of norepinephrine plus its metabolites, 
normetanephrine, 3-methoxy-4-hydroxyphenylglycol (MHPG), and vanillyl­
mandelic acid (VMA), under steadystate conditions is reduced in patients fol­
lowing 3-4 weeks of treatment with at least four biochemically different 
classes of antidepressants (Table 1). At the same time we demonstrated that 
changes in the relative proportion of, for instance, normetanephrine, which is 
formed by extraneuronal O-methylation of norepinephrine, compared to 
changes in that of MHPG and VMA, much of which is formed via in­
traneuronal deamination, were characteristic of a drug's primary effects. 
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Table 1. Differential effects on NE metabolic pathways of antidepressants that similarly 
reduce total NE turnover in patients and/or volunteers following 3-4 weeks of treatment 

Drug 

Desipramine 
Zimelidine 
Clorgyline 
Bupropion 

First-degree 
acute action 

NE uptake inhibition 
5-HT uptake inhibition 
MAO inhibition 
DA + ?NE uptake 

inhibition 

Fractional excretion 
(% change with treatment)" 

N ormetanephrine 

+36% 
NS 

+574% 
NS 

MHPG+VMA 

NS 
NS 

-35% 
NS 

a Calculated as [(fraction posttreatment-fraction pretreatment)/fraction pretreat­
ment] x 100 from data in Linnoila et al. (1982a, b), Rudorfer et al. (1984), Golden et al. 
(1988), where fractional excretion is the amount ofNM or of MHPG + VMA divided by the 
sum of NE + NM + MHPG + VMA in urine. NE, Norepinephrine; NM, normetanephrine; 
DA, dopamine; 5-HT, serotonin; MAO, monoamine oxidase. 

Hence, as is' shown in Table 1, an MAO inhibitor dramatically increased the 
proportion of normetanephrine, and a norepinephrine uptake inhibitor 
modestly increased it, whereas an uptake inhibitor of serotonin (5-
hydroxytryptamine, 5-HT) and a probable dopamine uptake inhibitor do not 
affect the relative proportion of normetanephrine excreted. The inherent 
limitation of such urinary studies is that they primarily reflect output from 
peripheral tissues although, as reviewed by Maas (1984), in the case of the 
noradrenergic system this may be functionally linked to the CNS. 

An alternative approach to studying neurotransmitter turnover in humans 
has been to measure the steady-state concentrations of the major metabolites 
of norepinephrine, dopamine, and serotonin - MHPG, homovanillic acid 
(HVA), and 5-hydroxyindoleacetic acid (5-HIAA), respectively - in lumbar 
cerebrospinal fluid (CSF). A comprehensive summary on the first decade of 
aplication ofCSF studies in humans is available elsewhere (Wood 1980). The 
first studies utilizing definitive gas chromatography/mass spectrometry tech­
niques for HVA and 5-HIAA were carried out in Sweden and demonstrated 
reductions of 5-HIAA after the antidepressant nortriptyline (Asberg et al. 
1973) and elevations of HVA after antipsychotics (Sedvall et al. 1974). Sub­
sequent studies from the same groups showed that both classes of drugs also 
affected other neurotransmitter metabolites, with the tricyclics and anti­
psychotics reducing both MHPG and 5-HIAA but differentially affecting 
HVA (Traskman et al. 1979; Wode-Helgodtet al. 1977). 

Of particular interest are results from studies designed to demonstrate 
selective effects on MHPG and 5-HIAA after specific uptake inhibitors of 
norepinephrine or serotonin. It has emerged that even the selective 
norepinephrine uptake inhibitor desipramine reduces 5-HIAA in the CSF 
(Potter et al. 1985), and the selective serotonin uptake inhibitors zimelidine 
and citalopram reduce MHPG (Bertilsson et al. 1980; Potter et al. 1985; 
Bjerkenstedt et al. 1985). As summarized in Table 2, it appears instead that 
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Table'2. Effects of antidepressants on monoamine metabolites in cerebrospinal fluid (CSF) 

Drug % Change Study 

5-HlAA MHPG HVA 

Imipramine -35 -39 + 7 Bowden et al. (1985) 
Desipramine -37 -49 -19 Potter et aI. (1985) 
Amitriptyline -36 -41 - 3 Bowden et al. (1985) 
Nortriptyline -25 -36 (not done) Asberg et al. (1973) 

Bertilsson et al. (1974) 
Clomipramine -48 -33 +14 Triiskman et al. (1979) 
Zimelidine -39 -20 + 8 Potter et al. (1985) 
Citalopram -29 -11 +15 Bjerkenstedt et al. (1985) 

5-HIAA, 5-hydroxyindoleacetic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol; HVA, 
homovanillic acid. 

potent serotonin uptake inhibitors can be distinguished by their tendency to 
increase HV A. It is important to consider possible interpretations for the 
common tendency of classic tricyclics and selective serotonin uptake in­
hibitors to reduce both 5-HlAA and MHPG while having different effects on 
HVA. This phenomenon has been noted by Asberg et al. (1977) and 
Bjerkenstedt et al. (1985). They observed a high correlation between drug­
induced changes in HVA and 5-HIAA and interpreted this to suggest a func­
tionallinkage between the dopaminergic and serotonergic systems. 

2 Correlations: Theoretical Correlations 

A sufficiently high correlation between two or more variables indicates that 
their values are determined by the same controlling process, or that they 
directly interact, or a combination of the two. In human studies we are usually 
limited in terms of the experiments that we perform to administration of safe 
drugs in order to explore the meaning of correlations. For example, the com­
monly observed high correlation between 5-HIAA and HVA in CSF, which 
reaches a value of r=0.90 in some studies (reviewed in Agren et al. 1986), 
could theoretically be a result of their common clearance site, an active acid 
transport pump which can be blocked by probenecid. Indeed, probenecid ad­
ministration increases the concentrations of both 5-HIAA and HV A roughly 
proportionately such that the increases are highly correlated (Goodwin et al. 
1973). On the other hand, since under basal steady-state conditions the acid 
transport pump is not saturated, and since 5-HIAA can be increased by ad­
ministration of a precursor, I-tryptophan, or decreased by a synthesis in­
hibitor, parachlorophenylalanine (Goodwin et al. 1973), the bulk of the 
variance of 5-HIAA in CSF cannot be accounted for by changes in clearance. 
Obviously, the validity of this argument depends on the specificity of action of 
the pharmacologic agents utilized. It also raises another interesting point: If 5-
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HIAA is selectively altered, then how is the correlation with HV A 
maintained? In other words, if one rules out a common controlling factor 
such as the same clearance mechanism, what determines the correlation? Un­
der such conditions, the correlation presumably reflects some other interac­
tion. 

We have directly studied various correlation matrices of monoamine 
metabolites and determined whether they can be systematically altered. As we 
will show below, once one has an acceptable method for managing the 
statistics, this open-ended approach to correlations of variables that we usual­
ly consider separately provides a very interesting target of drug action, i.e., in­
creasing or decreasing correlations. At the very least this allows us to conclude 
whether a drug alters a relationship between two or more variables. 
Moreover, it can provide data consistent with notions that interactions 
between neurotransmitters, which are certainly part of the cascade of 
determinants of monoamine metabolites, are involved in the response to 
drugs. 

There are new methods for structural analysis which have been developed 
by mathematicians/statisticians working largely with social scientists (for 
review see Bentler 1980). Elsewhere we have presented an application of one 
such method, linear structural relationships (LISREL) from Joreskog and 
Sorbom (1984), to analysis of the correlation between HVA and 5-HIAA 
using age, height, and weight as exogenous variables (Agren et al. 1986). This 
analysis yielded a unidirectional, significant LISREL correlation coefficient 
such that 5-HIAA "determines" HVA but not vice versa. Such a result could 
be taken as support for a mechanistic interpretation, based on animal studies 
which show projections from the raphe (serotonin cell bodies) to the sub­
stantia nigra (dopamine cell bodies; Fuxe 1965) and that electrical stimulation 
of the raphe alters firing of dopamine neurons in the substantia nigra (Dray et 
al.1976). 

In this instance, deriving information of possible mechanistic relevance 
from observed correlations depended on the concomitant measure of ex­
ogenous physiologic variables such as age, height, and weight. A drug known 
to have a biochemical effect on one or another of the variables under con­
sideration (e.g., 5-HIAA or HVA) could function as an exogenous variable if 
there was a reasonable correlation between drug concentration and biochemi­
cal change. Such data, however, are very hard to come by, and the observed 
correlations are not robust (e.g., Muscettola et al. 1978). Much more work 
remains to be done, therefore, before deciding on the value of such structural 
analyses to extract mechanistic information from the effects of drugs on cor­
relations. Could we gain more information from studying ratios of variables 
than looking at their correlations? 
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3 Ratios: Theoretical Considerations 

Ratios involve a numerator and denominator and hence necessarily say some­
thing about the relationship of two terms. Take, for instance, the ratio of 5-
HIAA and HV A concentrations in CSF. If one uses a standard two­
dimensional plot with 5-HIAA on the ordinate and HVA on the abscissa 
(Fig. 1), it is immediately apparent that the point of intersection can be mathe­
matically described as a distance from the origin, r, which is the hypotenuse of 
a right triangle with an angle of elevation, a, which is the arc tangent of 
HV A/5-HIAA. The ratio, and hence the angle a, can remain constant over an 
infinite range of values of 5-HIAA and HV A, i.e., the hypotenuse can vary in­
finitely for a fixed angle (Fig.1). Conversely, the ratio and angle can change 
between 0° and 90° without affecting the length of the hypotenuse, as would 
be described by a quarter circle. Clearly, if the HVA/5-HIAA ratio (angle) 
does not change, the length of the hypotenuse (radius) will vary directly with 
the value of either HVA or 5-HIAA. Therefore, it is the ratio or angle which 
contains additional information beyond the value of a single parameter. The 
application of polar coordinates to drug effects on ratios between monoamine 
metabolites has been described elsewhere (Agren et al. 1988) and will be sum­
marized below. 

Here we wish to address the question of whether the ratios provide in­
formation on any relationship between two measures. It can be easily ap­
preciated from inspection of Fig. 1 that, simply by holding one measure fixed 
(e.g., 5-HIAA) and varying the other (HVA), the ratio will be altered. In 
pharmacologic terms, this means that any drug which selectively affects one 
variable will produce changes in the ratio. This adds no separate information 
under these circumstances - or does it? In this instance, it depends on whether 
an underlying model can be specified from prior and independent data. This is 
where the structural analysis of correlational data added to the much more 
critical neuroanatomical and physiological data from animals may be useful. 

Specifically, we can mathematically describe the determinants of HVA in 
terms of 5-HIAA based on a model whereby 5-HIAA "determines" HVA. In 

x 

IX = arctan(~) x 180 r _ '~y2 
1 Y1 X 1- VXi+Yi: 

IX = arctan (X2) x 180 r 2= v'x~+y22 
2 Y 2 X 

Fig.l. General description of polar coor­
dinates whereby the angle, ex, formed by 
a line from the origin to point of intersec­
tion of x and y. is equivalent to the arc 
tangent of the ratio and can be eXpressed 
in degrees after multiplying by 180/x, as 
shown. The distance from the origin to 
the intersect is the hypotenuse of a right 
triangle and therefore can be calculated 
from values of x and y as shown. See text 
for specific application to neurotrans­
mitter measures 
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brief, one can introduce the term R to summarize any and all processes relat­
ing serotonin turnover and release to dopamine turnover. Under conditions 
during which the fractional conversions of serotonin and dopamine to 5-
HIAA and HV A are constant, and the clearances of 5-HIAA and HV A from 
CSF are stable, the ratio ofHV A to 5-HIAA can be expressed as: 

[HVA] DAJ 

[5-HIAA] = 5-HT + R 

where DAJ refers to the rate of formation of dopamine independent of 
serotonin and 5HT refers to the rate of formation of serotonin. The details of 
the derivation of this expression are provided in the" Appendix." 

It immediately follows from the equation that the ratio of metabolites 
directly reflects the ratio of dopamine and serotonin turnover as R approaches 
zero, i.e., when there is little or no effect of serotonin on dopamine turnover. 
The more interesting situation is when the R term is large (as suggested by the 
high correla.tion coefficient ofHVA to 5-HIAA in most CSF studies); then the 
value of the ratio is substantially influenced by the degree of linkage between 
serotonin and dopamine as well as their actual rates of synthesis. Hence a 
change in the ratio, even ifit appears to be accounted for by "selective" altera­
tions in the numerator or denominator may include a change in the R func­
tion. For example, even if 5HT uptake inhibitors specifically reduced 5-
HIAA, the observed increase in the HVA/5-HIAA ratio might reflect the 
combination of a decrease in 5HT turnover and an altered contribution of 
serotonin to dopamine turnover. Indeed, if there is a basal functional link, 
then a decrease of serotonin turnover without a change in that of dopamine 
(i.e., no change in HV A) would indicate that there is an alteration in the 
relationship. 

There is another potential methodologic benefit to be gained from using 
the ratio of substances such as HV A and 5-HIAA which may share some com­
mon extraneous sources of variance. When one is comparing values before 
and after treatment, there are numerous methodologic problems such as 
(hopefully) small variations in acid transport over time which may effect both 
variables to the same extent; a ratio cancels out the noise (see "Appendix") 
and clearer data may result. 

4 Correlations: Application to Analysis of Drug Effects 

To our knowledge, no one has yet prospectively looked at drug effects on the 
intercorrelations between all monoamine metabolites. One study that we have 
done provides an example of what to look for. Briefly, we compared the cor­
relation matrices of CSF monoamine concentrations from patients who 
respond (n = 23) or failed to respond (n = 17) to a variety of antidepressant 
treatments. Responders had correlations between monoamine metabolites 
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Table 3. Cerebrospinal fluid metabolite product-moment correlations 

Metabolite Correlation 

Nonresponders 

Pretreatment 
HVA 
5-HIAA 

Posttreatment 
HVA 
5-HIAA 

Change with treatment 
HVA 
5-HIAA 

5-HIAA 

0.22 

0.48 d 

0.23 

Data taken from Hsiao et al. (1987). 
a p<O.OO1. b p<O.01. 0 p<0.05. d p<0.10. 

MHPG 

0.20 
0.37 

0.39 
-0.08 

-0.18 
-0.10 

Responders 

5-HIAA MHPG 

0.74a 0.54b 

0.44 0 

0.69 a 0.58 b 

0.42 d 

0.63 0 0.69 b 

0.38 d 

similar to those observed in healthy volunteers (Sedvall et al. 1980) whereas 
nonresponders revealed no significant correlations (Table 3). The correlation 
of r=0.22 between 5-HIAA and HVA is far below that reported in any 
previously studied population (Agren et al. 1986), and the correlation matrices 
for the change with treatment were significantly different from one another 
(p<.01). The details of this analysis have been presented elsewhere (Hsiao et 
al. 1987). The interesting trend (which did not quite reach statistical sig­
nificance in our retrospective study) was for the treatment to "normalize" the 
correlation of HV A vs with 5-HIAA. Prospective studies are under way to 
determine whether a single drug can systematically alter monoamine correla­
tions. 

5 Ratios: Application to Analysis of Dmg Effects 

At least one major psychotropic drug, chlorpromazine, systematically affects 
the CSF ratios of monoamine metabolites. In particular, the HV Aj5-HIAA 
ratio is affected in a dose-dependent manner, at least in men (Wode-Helgodt 
et al. 1977). Subsequently, in an attempt to distinguish better between three 
treatments which all reduced 5-HIAA in the CSF (potter et al. 1985), we com­
pared the HVA/5-HIAA ratio after desipramine, an norepinephrine uptake 
inhibitor, zimelidine, a 5HT uptake inhibitor, and c1orgyline, an MAO type A 
inhibitor (Risby et al. 1987). HV A in CSF was reduced by c10rgyline but was 
not consistently altered by zimelidine or desipramine. The HV A/5-HIAA 
ratio (Table 4) was dramatically and significantly increased by zimelidine, was 
reduced by c1orgyline, and was unchanged by desipramine. This analysis has 
been extended to other drugs with the finding that the HV A/5-HIAA ratio in 
CSF (Risby et al. 1987) or HVA-5-HIAA angle (Agren et al. 1988) is con-



Neurotransmitter Interactions as a Target of Drug Action 47 

Table 4. Cerebrospinal fluid HV A, S-HIAA, and the HVA/S-HIAA ratio before and after 
chronic treatment with antidepressants 

Drug HV A (nmolfl) S-HIAA (nmol/I) Ratio (HVA/S-HIAA) 

Before After Before After Before After 

Zimelidine 160± 9 196±30 109± 9 72+9 a 1.51±0.08 2.68±0.14a 
Clorgyline 172±23 117±1S a 107±14 84±8 b 1.68±0.22 1.40±0.16 c 

Desipramine 183±22 168±24 108±10 86±8 b 1.68±0.08 1.88±0.16 

Data taken from Risby et aI. (1987). 
Significance of differences between pre- and posttreatment values calculated using paired t 
test. 
a p < 0.002. b P < 0.02. c p < O.OOS. 

sistently increased by serotonin uptake inhibitors, unchanged by 
norepinephrine uptake inhibitors and is reduced by MAO inhibitors. Simply 
in terms of clarifying the action of certain classes of psychotropic drugs in vivo 
in humans, the ratio therefore provides a useful pharmacodynamic measure. 

Some additional variations on this theme should be mentioned. Either the 
ratios or the polar coordinates of HV A, 5-HIAA, and MHPG can be 
simultaneously plotted using three dimensions, as presented in a poster 
presentation at this conference (Agren et al.). Put simply, if we plot the points 
describing the change in HVA, 5-HIAA, and MHPG after various treatments 
(see Fig. 1 in Hsiao et al. 1987, for an example of such a plot), the values for 
5HT uptake inhibitors cluster in one area of three-dimensional space, while 
those for norepinephrine uptake and MAO inhibitors each again cluster in 
distinctly different areas. It is perhaps not surprising that the more variables 
we consider, the better we can discriminate the effects of drugs. What is im­
pressive is that the effects of drugs with clear preclinical biochemical 
specificity do produce unique combinations of effects on monoamine 
metabolites in CSF of patients following chronic administration. Nonetheless 
the broad target therapeutic effect, alleviation of depression, is nonspecific. In 
the future, it will be of interest to compare specific drug effects on possible 
measures of neurotransmitter interaction versus specific components of the 
clinical response (e.g., sleep and mood). 

6 Future Directions 

The possible application of correlation matrices, ratios, or polar coordinates 
as indirect indices of neurotransmitter interaction has been presented above. 
What is necessary is to assess in any available experimental model whether 
changes in measures of relative levels of neurotransmitter can be explained in 
terms of demonstrable neurotransmitter interaction. For instance, Scheinin 
(1986) has looked at the effects of a possible psychotropic drug, the (X2 

antagonist idazoxan, on MHPG and HV A in the CSF in rats. He found dose-
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dependent increases of both monoamine metabolites, increases that were 
highly correlated (r = 0.95), and concluded not that this provided evidence of 
noradrenergic/dopaminergic interaction, but that the acute idazoxan-induced 
change in HV A reflected HV A released from noradrenergic neurons (Scheinin 
1986). Moreover, one of the earlier models for the modulation of dopamine by 
norepinephrine (Antelmen and Caggiula 1977) has been challenged by recent 
behavioral studies suggesting that interactions occur as a consequence of 
parallel activation producing complex end-organ responses without involving 
an effect of one neurotransmitter on the other (Cole and Robbins 1987). Other 
investigators, however, have been able convincingly to demonstrate modula­
tion of dopamine and serotonin release from the nucleus accumbens through 
(X2 adrenergic receptors (Nurse et al. 1985; Benkirane et al. 1985). The actual 
role of such possible interactions in determining the steady-state balance 
between neurotransmitter metabolites therefore remains very much an open 
question. 

Appendix. Making the assumption that there is a unidirectional influence of 5-
HT on dopamine turnover, a model for interpreting the HVA/5-HIAA ratio 
can be constructed. 

Terms are defined as follows: 

DAs 

= concentration ofHVA in CSF (mol/ml) 
= proportion of dopamine metabolized to HV A 
= rate offormation of dopamine independent of serotonin influence 

(mol/min) 
= rate of formation of dopamine dependent on serotonin influence 

(mol/min) 
= clearance ofHVA from CSF (ml/min) 
= function relating dopamine turnover to serotonin turnover and 

release 
[5-HlAA] = concentration of 5-HlAA in CSF (molfml) 
f2 = proportion of serotonin metabolized to 5-HlAA 
5 HT = rate offormation of serotonin (mol/min) 
Cl2 = clearance of 5-HIAA from CSF (ml/min) 

Only three terms require special comment. The first is DAs which allows 
for a certain proportion of dopamine synthesis to be under serotonergic con­
trol. DAl is the synthesis rate of dopamine dependent on all other influences. 
The R term is intentionally left vague since the linkage between the turnover 
of serotonin and its release at sites where it could act on dopamine or 
norepinephrine neurons to stimulate the synthesis and/or turnover of 
dopamine remains to be established. For instance, under certain situations it 
has been shown that the turnover of serotonin as reflected in 5-HlAA con­
centrations has no discernible link to serotonergic function (Commissiong 
1985). Thus, we must allow for complex relationships between serotonin 
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turnover and any target function, alteration of dopamine turnover being the 
one under consideration here. 

With these definitions in mind, the following equations can be derived: 
first, relating the concentration ofHVA to the synthesis rate of dopamine, 

[HVA]- fl(DAl +DAs)molfmin_ 
- Cl1mI/min -mol/ml 

second, relating the concentration of 5-HIAA to the synthesis rate of 
serotonin 

third, relating dopamine synthesis which is dependent on some connection 
with serotonin synthesis, 

DAs=R(5-HT) 

the ratio of HVA/5-HIAA then becomes, 

[HVA] 
[5-HIAA] 

fl Cl2 DAl +R(5-HT) 
f2 CI I (5-HT) 

Under conditions in which the fractional conversion rates of the parent 
amines to their metabolites (fl and f2) are similar or covary, the term fdf2 
will be close to unity or a constant. Likewise, the clearance rates of 5-HIAA 
and HVA from the CSF (C12 and CI I ) may be very similar or covary across 
individuals, in which case C12/Cl1 will be close to unity or another constant. 
If these conditions hold, then leaving out the constant terms yields: 

[HVA] (DA1) 

[5-HIAA] = (5-HT) +R. 
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E-IO-Hydroxynortriptyline: Effects and Disposition of a 
Potential Novel Antidepressant * 

L. BERTILSSON, M.-L. DAHL-PuuSTINEN, and C. NORDIN 1 

1 Metabolism of Nortriptyline 

Nortriptyline is one of the most studied antidepressants, and a therapeutic 
plasma concentration interval has been established (Sjoqvist et al. 1980). 
When similar doses of nortriptyline are given, the plasma levels vary ex­
tensively among individual patients (Sjoqvist, this volume). This is due to the 
great variation in the liver cytochrome P-450 enzyme, which hydroxylates 
nortriptyline. In several studies both in vivo and in vitro, we have shown that 
E-10-hydroxylation of nortriptyline covaries with the debris oquin hydroxyla­
tion phenotype (see Sjoqvist, this volume). 

The major metabolite of nortriptyline in man is E-10-hydroxynortriptyline 
(E-10-0H-NT; Fig.1). The Z isomer accounts for only 10%-20% of the 
amount of 10-0H-NT formed in vivo (Bertilsson and Alexanderson 1972; 
Mellstrom et al. 1981) and in human liver microsomes (Mellstrom et al. 1983). 

2 Noradrenaline Uptake Inhibition 
of E-IO-Hydroxynortriptyline and the Concentration 
of this Active Metabolite in Plasma and CSF 

Results from early biochemical studies (Borga et al. 1970) indicated that 
nortriptyline per se accounted for the noradrenaline uptake inhibition seen 
during treatment with the drug. In 1979, we showed that E- and Z-10-0H-NT 
were equipotent in inhibiting the uptake of noradrenaline into neurons from 
rat brain in vitro (Bertilsson et al. 1979). In this system the major isomer (E 
form) had a mean activity that was 57% that of nortriptyline. In the same 
study we found that in 87 patients treated with nortriptyline or amitriptyline, 
the mean ratio between the plasma levels of 10-0H-NT (sum of E and Z 
isomers) and nortriptyline was 1.4±0.9 (range, 0.3-5.0). 

We could later show that in 25 patients treated with nortriptyline, the 
mean cerebrospinal fluid (CSF) concentration of 10-0H-NT (67 nmol/l) was 

• These studies have been supported by the Swedish Medical Research Council (3902 and 
8270) and the Karolinska Institute 

1 Departments of Clinical Pharmacology and Psychiatry, Karolinska Institute, Huddinge 
Hospital, 141 86 Huddinge, Sweden 

Clinical Pharmacology in Psychiatry 
Editors: s. G. Dahl and L. F. Gram 
(psychopharmacology Series 7) 
© Springer-Verlag Berlin Heidelberg 1989 
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higher than that of nortriptyline (39 nmol/l; Nordin et al. 1985; Fig. 2). These 
studies show that E-l0-0H-NT passes the blood-brain barrier and probably 
contributes to increased transmission in central noradrenaline neurons. A 
clinical study on the treatment of depression with nortriptyline indicated that 
the therapeutic effect was related not only to the plasma concentration of 
nortriptyline but also to that of 10-0H-NT (Nordin et al. 1987b). This study 
and that of Malmgren et al. (1987) show that the serotonergic effect seen 
during nortriptyline treatment is due to the parent drug itself and not to 
hydroxy metabolites. 

3 Anticholinergic Effect of E-l 0-Hydroxynortriptyline 

The affinity of nortriptyline and its hydroxy metabolites to rat brain mus­
carinic receptors was determined by receptor-binding techniques (Wagner et 
al. 1984). E-l0-0H-NT had only 1/18 the affinity of nortriptyline for such 
receptors, suggesting fewer anticholinergic side effects of the metabolite than 
of nortriptyline itself. This was supported by a case report (Bertilsson et al. 
1985). A depressed patient had extremely rapid hydroxylation of both 
debrisoquin and nortriptyline and had been treated for a long period of time 
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Fig.2. Relationship between CSF and plasma concentrations of NT (e) and 1O-0H-NT (0) 
(sum of un conjugated E and Z isomers) in 25 patients treated with nortriptyline. (From Nor­
din et al. 1985). e NT r=0.92, p<0.001; 0 10-0H-NTunconj. r=0.77, p<0.001 

with high doses of nortriptyline to obtain "therapeutic plasma concentra­
tions". On a 300-mg daily dose of nortriptyline, she had plasma concentra­
tions of nortriptyline and 10-0H-NT that were 350 and 2730 nmol/l, respec­
tively. Even at this extremely high plasma level of 10-0H-NT, she experienced 
no side effects. 

In a later study we confirmed that E-10-0H-NT has less anticholinergic ef­
fect than nortriptyline (Nordin et al. 1987 a). In a double-blind crossover 

Table 1. Changes from baseline in saliva flow after single oral 
doses of placebo, E-10-0H-NT (75 mg hydrogen maleate) and 
nortriptyline (50 mg) in eight healthy subjects. (From Nordin et 
al. 1987a) 

Compound 

Placebo 
E-10-0H-NT 
Nortriptyline 

% Change 
(mean ± SD) 

-12.5±20.8} NS 
-22.1 ± 9.6 
-37.8±17.1 } p<0.05 

Significance 
(paired t test) 

} p<O.Ol 
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study equimolar single oral doses of nortriptyline and E-10-0H-NT (and 
placebo) were given randomly to eight healthy volunteers. Nortriptyline sig­
nificantly decreased saliva flow compared with both placebo (p < 0.01) and E-
10-0H-NT (p<0.05; Table 1). By contrast, there was no difference between 
E-10-0H-NT and placebo. 

4 Disposition of the Enantiomers of E-IO-Hydroxynortriptylioe 
In Vivo and In Vitro 

Increasing single oral doses (from 10 to 100 mg) of racemic E-10-0H-NTwere 
given as the hydrogen maleate to nine healthy subjects (Bertilsson et al. 1986). 
The absorption was complete, as shown by the high urinary recovery 
(86.1 ±9.9%) of the given dose. A mean of 51 % of the administered dose was 
excreted as conjugate, and 24% was recovered as unchanged compound. The 
meanplasm~half-lifeof E-10-0H-NTwas 8.0 h. 

We have developed an HPLC method for analysis of the glucuronides of 
the two enantiomers of E-10-0H-NT (Dumont et al. 1987). As these two 
glucuronides are diastereo-isomers, they could be separated on a regular Cl8 
reversed-phase column. The unconjugated enantiomers of E-10-0H-NT were 
separated on an (Xl-acid glycoprotein HPLC column and quantified by mass 
fragmentography (perry et al. 1989). These methods have been used to 
quantitate the enantiomers of E-10-0H-NT and their glucuronides. 

In a subsequent study, 75 mg racemic E-10-0H-NT was given orally as a 
single dose to ten healthy subjects (DaW-Puustinen et al. 1989b). The disposi­
tion of the two enantiomers was quite different. The plasma concentration of 
(- )-E-10-0H-NT was two to five times higher than that of the (+) 
enantiomer. A higher proportion of the given dose of( + )-E-l0-0H-NT than 
that of the ( - ) enantiomer was recovered in urine as glucuronide conjugate, 
while more (- )-E-10-0H-NT was recovered unchanged in the urine 
(Table 2). The plasma clearance of non-protein-bound enantiomer by the 
formation of glucuronide was higher for (+ )-E-l0-0H-NT (1.77 ±0.60 l/kg 

Table 2. Recovery in urine (% of dose) of unconjugated and 
glucuronidated enantiomers of E-I0-0H-NT after an oral dose of 
75 mg racemic E-I0-0H-NT hydrogen maleate to 10 healthy subjects 
(mean±SD) 

E-I0-0H-NT 

Unconjugated 
Glucuronide 

Total 

Enantiomers 

+ 

14.4± 5.1 
64.4±12.1 

78.8±13.6 

35.8±10.0 
35.3± 9.7 

71.1 ± 10.3 

Significance 

p<O.OOOl 
p<O.OOOl 

p<0.05 



56 L. Bertilsson et al. 

per hour) than for the (-) form (0.45±0.15; p<O.0001). This shows that the 
glucuronidation of the (+) enantiomer is more efficient than that of (- )-E-
10-0H-NT. 

We studied the glucuronidation of racemic E-10-0H-NT in the liver mi­
crosomal fraction in vitro (Dumont et al. 1987). The rat liver catalysed the 
formation of both glucuronides, while only (+ )-E-10-0H-NT was 
glucuronidated in liver microsomes from 13 humans. We were surprised that 
the (- )-E-10-0H-NT glucuronide was not formed in human liver micro­
somes, since this compound is excreted in urine from subjects given the 
racemate (Table 2). In a subsequent study (Dahl-Puustinen et al. 1989 a) it was 
shown that (-) but not (+ )-E-10-0H-NTwas glucuronidated in homogenate 
of human intestinal mucosa. These studies show that there is an organ-specific 
glucuronidation of the enantiomers of E-10-0H-NT, i.e. (+ )-E-10-0H-NT is 
glucuronidated with a high capacity in the liver, while the (-) enantiomer is 
glucuronidated in the intestine with less capacity. 

5 Initial Trial of E-I0-Hydroxynortriptyline in Depressed Patients 

Increasing daily doses (from 3 x 25 mg to 3 x 75 mg, given at 8 a.m., 2 and 
10 p.m.) of racemic E-10-0H-NT have been given to the first patient in a clini­
cal trial (Fig. 3). A 32-year-old man with recurrent major depression was given 
this compound for 18 days (Fig.3), and then for another 5 days as an out­
patient at a dose of 3 x 50 mg. Trough plasma levels of E-10-0H-NT (sum of 
the two enantiomers) before the morning dose were proportional to the dose. 
At the highest dose, plasma levels of 400 and 375 nmol/l were recorded. These 
levels are close to the levels usually measured during treatment of depression 
with nortriptyline (Nordin et al. 1987b; Fig. 2). The patient's condition 
ameliorated, and his score on the Montgomery-Asberg Depression Rating 
Scale (Montgomery and Asberg 1979) decreased from 34 before treatment to 
16 after 18 days (Fig.3). During the following 5 days as an outpatient the 
patient continued to improve. The patient was thereafter switched to nortrip­
tyline with good results. During treatment with E-10-0H-NT no side effects 
were experienced by the patient. Of course, an open trial in one patient can not 
tell us very much about the antidepressant effect of the drug, but the results 
show dose-independent kinetics during maintenance therapy with E-10-0H­
NT and, as expected, no side effects of this compound. Continued studies will 
evaluate the antidepressant effect. 

6 A Comparison Between the Properties of 
E-I0-Hydroxynortriptyline and Nortriptyline 

In Table 3 certain properties of E-10-0H-NT and nortriptyline are compared 
in a schematic way. One major advantage of E-10-0H-NT is the slight inter­
individual variation in the disposition, and it seems likely that similar doses of 
this compound may be given to different patients. If E-10-0H-NT can be 
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Fig.3. The first patient treated with racemic E-10-0H-NT for 18 days as an inpatient. Top, 
time course of the dose; middle, plasma concentration (sum ofthe unconjugated enantiomers 
of E-10-0H-NT); bottom, Montgomery-Asberg Depression Rating scale (MADRS) score 
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Table'3. Comparison between the properties of nortriptyline and those of E-10-0H-NT 

Disposition 

Variation in disposition between individuals 
Inhibition of noradrenaline uptake 
Inhibition of serotonin uptake 
Anticholinergic effect 
Antidepressant effect 

Nortriptyline 

Mainly 
E-10-hydroxylation 

Pronounced 

+++ 
+ 
++ 
Yes 

E-10-0H-NT 

Glucuronidation 
and renal excretion 
(see Table 1) 
Slight 

++ 

To be evaluated 

shown to have an antidepressant effect, its lack of anticholinergic effect could 
make it a valuable drug, especially in the elderly, who are sensitive to such side 
effects. As E-10-0H-NT is a specific inhibitor of noradrenaline uptake, it may 
also be used as a tool to evaluate the importance of changed noradrenaline 
transmission for the aetiology of depression. 

Acknowledgements. We thank Jan Lundvall and Jolanta Widen for excellent assistance. 
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Molecular Graphics of Antidepressant Drugs 
and Metabolites * 

S. G. DAHL, 0. EDVARDSEN, and E. HEIMSTAD 1 

1 Three-Dimensional Molecular Graphics 

Along with the rapid advance in molecular biology, methods and concepts 
have evolved which have provided new insight into the three-dimensional 
molecular structures of macromolecules and into the mechanisms of their in­
teraction with various types ofligands. 

Many research laboratories involved in drug design have recently acquired 
computer graphics equipment with software designed for three-dimensional 
molecular modelling. This has become feasible through recent developments 
in computer technology which have provided commercial workstations with 
rapidly increasing power at decreasing prices. As reviewed by Langridge 
(1988), the first static line drawings of molecular structures on the screen of a 
computer were made by Bushing in 1961, and the first interactive two­
dimensional computer graphics program was described in 1963. The first in­
teractive three-dimensional graphics hardware was built in 1964 and was ap­
plied to proteins and nucleic acids. In the same period, the use of a pen plotter 
in the ORTEP program package (Johnson 1971) became a standard, which 
since has been widely used for illustration of three-dimensional molecular 
structures determined by X-ray crystallography. The ORTEP technique was 
previously used in our laboratories to produce drawings of solid-state 
molecular structures of phenothiazine drugs and their metabolites (Dahl et al. 
1983,1986). 

Modern workstations offer high-quality raster or vector colour graphics, 
perspective, depth cueing, three-dimensional clipping and real-time transla­
tion and rotation. Combined with other computational methods, these techni­
ques have enormous potential for increasing our insight into the spatial ar­
rangements of atoms in molecules, the charge distribution over molecules, and 
the dynamics of molecular interactions. Such methods may provide important 
information about the molecular mechanisms of action of drugs and other 
biologically active compounds. 

* This work was supported by grants from Troms Fylkeskommune and the Norwegian 
Research Council for Science and the Humanities 

1 Institute of Medical Biology, University of Troms0, P.O. Box 977, 9001 Troms0, Norway 
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2 Molecular Structures in Crystals and Solution 

X-ray diffraction techniques have been and still are the most widely used ex­
perimental methods for determination of three-dimensional molecular struc­
tures. Many computational methods used in molecular modelling are based 
on atomic coordinates from crystal structures. Up to now the number of 
three-dimensional protein structures which have been solved at atomic resolu­
tion have been less than 20 per year. Ongoing research in several laboratories 
is aimed at the cloning, purification and crystallization of neurotransmitter 
receptors, but no three-dimensional crystal structure of a neurotransmitter 
receptor, solved at atomic resolution, has yet been reported. 

As a result of recently developed techniques for fast amino acid sequencing 
in proteins, a large number of such sequences are currently being reported 
each year. Among these have been human nicotinic (Noda et al. 1983; 
Shibahara et al. 1985) and muscarinic acetylcholine receptors (Bonner et al. 
1987) and P2-adrenergic receptors (Kobilka et al. 1987). These authors 
proposed that the IX carbon chain of the P2-receptor passes through the cell 
membrane seven times, which points out the difficulties encountered in ob­
taining a crystal of such a receptor protein in its functional state. Several 
research groups are trying to develop methods to predict tertiary peptide and 
protein structures from amino acid sequences based on artificial intelligence 
(Eccles and Saldanha 1988) and other approaches. However, problems in this 
extremely difficult task remain unsolved. Predictions of three-dimensional 
protein structures may be based on substitution of chemical groups in known 
structures of analogous proteins (Stewart et al. 1987), but this method has its 
obvious limitation in the lack of such analogous structures. 

Recent studies from our laboratories on the structures of antipsychotic 
drugs and their metabolites (Dahl et al. 1987) have demonstrated that sig­
nificant information about the structures and dynamics of psychotropic drug 
molecules may be gained by molecular modelling techniques. Although no 
definite three-dimensional models of neurotransmitter receptor molecules are 
available yet, these studies have demonstrated that molecular modelling of 
drug molecules may provide increased insight into how the drug interacts with 
receptor molecules. 

3 Structures of Tricyclic Antidepressants 

We have used the program package, Assisted Model Building with Energy 
Refinement (AMBER; Weiner et al. 1984, 1986), to calculate molecular struc­
tures by molecular mechanics methods. The Molecular Interactive Display 
And Simulation programs (MIDAS; Jarvis et al. 1986) were used for 
molecular graphics on an Evans and Sutherland PS390 computer graphics 
system, with a DEC Microvax II as host machine. With this computer 
graphics system crystal structures of molecules may be displayed, and van der 



62 S. G. Dahl et al. 

_ .• '~".'; i. ~ . 

' .. ~ ":":. '.~ .:.~.~ :,'~. :.::-<. ' 

Fig. I. Crystal structure of imipramine hydrochloride (post et al. 1975). The two molecules in 
the asymmetric unit are shown after addition of hydrogen atoms and van der Waals surfaces. 
Lines connect the positions of the center of each atom; dots show the van der Waals surfaces 
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Fig. 2. Procedure for molecular modelling. The MIDAS (Molecular Interactive Display And 
Simulation) computer graphics programs were used to display three-dimensional molecular 
structures from X-ray crystallographic studies, energy minimizations and molecular 
dynamics simulations. New models may be built with the computer graphics system by rota­
tion of bonds and substitution of atoms or groups. The AMBER (Assisted Model Building 
with Energy Refinement) programs were used for energy minimizations (EMIN) and 
molecular dynamics simulations (MD YN) 
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Waals or water accessible surfaces may easily be added, as shown in Fig. 1 for 
the crystal structure of imipramine hydrochloride (Post et al. 1975). 

Molecular mechanics calculations of drug molecules are often based on 
their three-dimensional crystal structures, determined by X-ray diffraction 
techniques. However by combining molecular mechanics calculations and 
computer graphics, such calculations may be based on the crystal structure of 
a chemically related compound in cases where no crystal structure of the drug 
is available. A procedure for such calculations is outlined in Fig. 2. 

This procedure was used to calculate three-dimensional molecular struc­
tures of amitriptyline, nortriptyline and 10-hydroxynortriptyline, compounds 
for which to our knowledge no crystal structures have been reported. The cal­
culations started from the coordinates of one of the imipramine structures 
shown in Fig. 1. As a first step, the nitrogen atom of the central ring of the im­
ipramine structure was replaced by carbon, and one hydrogen was removed 
from the adjacent CH2 group of the side chain. The energy of this structure 
was minimized with suitable parameters for each atom type, for instance, cor­
responding to a double bond with high rotational barrier between the two car­
bons of the exocyc1ic bond. In this way a model of the structure of amitrip­
tyline (Fig. 3) was produced. The amitriptyline structure was used for further 
calculations of a nortriptyline structure by replacement of one of the 
dimethylamino methyl groups by a hydrogen atom and subsequent energy 
minimization. Finally, each of the four hydrogens at the CH2 groups of the 
central ring in nortriptyline was replaced by a hydroxyl group, and energy 
minimizations produced the four 10-hydroxynortriptyline structures shown in 
Fig. 4. 

10-Hydroxynortriptyline has four enantiomers, (+ )-E-10-0H-NT, (-)­
E-10-0H-NT, (+ )-Z-10-0H-NT and (- )-Z-10-0H-NT. As discussed by 
Bertilsson et al. (this volume), these compounds differ both in their 
pharmacokinetic and in their pharmacodynamic properties. The plasma con­
centrations of E-I0-0H-NT in man are higher than those of Z-10-0H-NT 
after therapeutic doses of nortriptyline, and the plasma levels of (- )-E-10-
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Fig.4. Three-dimensional molecular structures of R-Z- (upper left), S-Z- (upper right), R-E­
(lower left) and S-E-I0-hydroxynortriptyline (lower right) 

OH-NT are higher than the levels of ( + )-E-l0-0H-NT. Compared to nortrip­
tyline, racemic E-l0-0H-NT has about 50% of the potency in inhibiting 
noradrenaline uptake in brain slices, about 5% of the potency in muscarinic 
cholinergic receptor binding, and significantly fewer anticholinergic effects in 
man. 

As shown in Fig.4, the hydroxyl groups have different positions in the 
four enantiomers. The difference between the E and Z isomers lies in which of 
the two CH2 groups, relative to the orientation of the side chain, is substituted 
with a hydroxyl group. The Rand S forms, and (+) and (-) forms, cor­
respond to substitutions of different hydrogen atoms at the same CH2 group. 
The orientation of the hydrogen of each hydroxyl group shown in Fig.4 is 
probably less significant, due to its rotational freedom. The absolute con­
figurations of the four 10-hydroxynortriptyline enantiomers have not been 
determined, and it is not known therefore which of the two E-l0-0H-NT 
enantiomers shown in Fig.4 is identical to the (+) and which to the (-) 
enantiomer, and similar ambiguity exists for the two Z enantiomers. Although 
the exocyclic double bond effectively prevents rotation between Z and E 
isomers, the arrangement of the side chain and the tricyclic system is far from 
the planarity that formulas such as the ones shown in Fig. 3 might lead one to 
imagine. Electronic interactions and steric hindrance forces the side chain of 
each structure out of the plane of the ring system, and places it "above" the 
tricyclic system when viewed in the perspective shown in Fig. 4. 
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From atomic charges, calculated by quantum mechanics, the electrostatic 
potentials around each ofthe four 10-hydroxynortriptyline molecules was cal­
culated. These potentials could be displayed together with the molecular 
structure on the screen of the graphics system, using different colouring of the 
molecular surfaces, as previously reported by Weiner et al. (1982) for other 
compounds. The electrostatic potential surfaces demonstrated that the elec­
tronic structure of the tricyclic region of the molecules differs according to the 
position of the hydroxyl groups. This might offer one explanation for the dif­
ference in pharmacological activity between the 10-hydroxynortriptyline 
enantiomers. 

4 Molecular Dynamics of lO-Hydroxynortriptyline 

The method of molecular dynamics treats each atom of a molecule as a 
particle which moves according to Newton's equations. Together with an 
energy function described by the terms of molecular mechanics, this method 
makes it possible to simulate the movements of molecular systems in a com­
puter. Such movements occur in the femtosecond (10- 15 s) time scale, and 
simulations are usually performed over a time span of 1-100 ps (10- 12 s), 
which is often sufficiently long to observe collective movements in the 
molecule, i.e. between different conformations. 

Fig. 5. Superposition of 50 dif­
ferent S-E-10-
hydroxynortriptyline struc­
tures obtained during a 5 ps 
molecular dynamics simula­
tion in vacuo 
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Molecular dynamics simulations have shown that unlike the static struc­
tures in a crystal, proteins in the biophase must be considered as flexible 
entities, which have freedom to move between different conformational states 
(Karplus and McCammon 1983). Similar flexibility of psychotropic drug 
molecules was observed by molecular dynamics simulations of phenothiazine 
drug molecules dissolved in water at physiological temperature (Dahl et al. 
1987). This demonstrates the importance of the dynamic aspect for un­
derstanding the mechanisms of drug-receptor interactions at the molecular 
level. 

Figure 5 shows the molecular dynamics of S-E-10-hydroxynortriptyline 
during a 5 ps molecular dynamics simulation in vacuo. The 50 superimposed 
structures were sampled at 0.1 ps intervals. Both the tricyclic ring system and 
the dimethylamino side chain moved considerably during the simulation, and 
the hydroxyl group rotated 3600 • The ring system attained various degrees of 
folding along the central axis during the simulation, and the dimethylamino 
group at the side chain moved between different conformations. 

5 Conclusions 

Information about three-dimensional molecular structures from X-ray 
crystallographic studies alone can only partly explain the molecular 
mechanisms of drug interactions with receptors or enzymes. Molecular 
modelling based on quantum mechanical calculations of electrostatic poten­
tials, energy minimizations by molecular mechanics methods, molecular 
dynamics simulations of the movements of molecules, combined with com­
puter graphics, may increase our understanding of the mechanisms of such in­
teractions. Molecular dynamics simulations of four hydroxymetabolites of 
nortriptyline and calculations of their electronic structures may explain the 
differences in their pharmacological activities. Both the position of the 
hydroxyl group and the contribution from the hydroxyl group to the elec­
trostatic potential around the molecule may affect the pharmacological ac­
tivity of each metabolite. 
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Negative Symptoms in Schizophrenia: 
A Target for New Drug Development * 

H. Y. MELTZER and J. ZUREICK 1 

1 Introduction 

Delusions, hallucinations, and certain types of thought disorders, e.g., in­
coherence and illogicality, constitute the so-called positive symptoms in 
schizophrenia. It is unclear whether other kinds of thought disorder, e.g., 
looseness of associations, are also positive symptoms. The most important 
clinical effect of the current major classes of antipsychotic drugs, e.g., 
phenothiazines, butyrophenones, and thioxanthenes, is their ability to 
eliminate or significantly diminish positive symptoms in psychiatric patients, 
including those who meet narrow diagnostic criteria for schizophrenia. Posi­
tive symptoms are thought to be readily rated in most patients, at least in 
those who are not so guarded that they deny them or are mute and unable to 
confirm their presence or absence. The ability of antipsychotic drugs to 
diminish positive symptoms correlates highly with their ability to block 
dopamine D2 receptors (Seeman and Lee 1975), a characteristic which is 
readily ascertainable preclinically through a variety of methods. Because of 
these three factors - effectiveness, ease of clinical evaluation and preclinical 
predictability - much of the search for novel drug treatments in schizophrenia 
has focused on the alleviation of positive symptoms by dopamine receptor 
blockers which have a favorable side effect profile, desirable pharmacokinetic 
features, or both. Putative antipsychotics are then tested in patients, with the 
major focus on the rapid alleviation of positive symptoms. The net result is 
that antipsychotic drugs have a similar efficacy profile, with little to choose 
between them except side effects (Rifkin and Siris 1987). 

This emphasis on the alleviation of positive symptoms in the development 
of new drugs for the treatment of schizophrenia is fostered by the view, held 
by many, that the sort of features generally considered as constituting the 
negative symptoms of schizophrenia, e.g., flat affect, withdrawal, loss of 
motivation, and apathy, is less likely to respond to the existing classes of 
antipsychotic drugs, and, moreover, that their etiology may be not only 
qualitatively different from that of positive symptoms but, in fact, not 
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amenable to treatment of any kind because of their basis in structural brain 
damage (Crow 1980). Finally, there have been, until recently, no specific 
scales for rating negative symptoms, and there is still a lack of consensus as to 
what these are. For these and other reasons, there has been little focus on 
developing drugs for negative symptoms. Since negative symptoms are a 
major factor in the impairment of the quality of life of schizophrenics, since 
they augment the burden of those who care for or live with schizophrenics, 
over and above the impairments and burdens which result from positive 
symptoms, the alleviation of negative symptoms, if possible, must be a 
primary goal of any therapies which hope to be superior to the typical 
neuroleptics in more than side effects alone. 

2 Identification of Negative Symptoms 

The historical origins of the terms positive and negative symptoms have been 
reviewed by Berrios (1985) and Trimble (1986) and need not be further dis­
cussed here . .strauss et ai. (1974) reawakened interest in negative symptoms 
such as withdrawal and apathy and included certain kinds of formal thought 
disorder, e.g., blocking, in their concept of negative symptoms. Wing (1978) 
grouped together "emotional apathy, slowness of thought and movement, un­
deractivity, lack of drive, poverty of speech and social withdrawal" under the 
rubric of the clinical "poverty syndrome." As will be seen, our data suggest 
that some types of thought disorder such as poverty of thought content and 
looseness of associations cluster with the symptoms identified by Wing (1978) 
and can be separated from positive symptoms by cluster analysis (Meltzer et 
aI., in preparation). 

The concept of negative symptoms has been refined through factor 
analytic studies to better determine what they are, whether they are unitary in 
nature, and the relationship between negative and positive symptoms, i.e., 
whether they are independent (Lewine et ai. 1983) or are part of a single 
dimension, as suggested by Andreasen (1982). Nearly all other factor-analytic 
studies of schizophrenic psychopathology (Spitzer et ai. 1967; Fleiss et ai. 
1971; Everitt et ai. 1971; Gibbons et ai. 1985; Liddle 1987) have identified two 
or three dimensions of negative symptoms. 

The lack of homogeneity of negative symptoms has potentially important 
clinical implications. Different types of negative symptoms may appear at dif­
ferent stages of schizophrenia or may respond differentially to pharmacologi­
calor psychosocial treatments. A cluster analysis of negative symptoms in 165 
schizophrenic patients identified three clusters of negative symptoms: 

- Cognitive impairment/inappropriate affect: incoherence, poverty of thought 
content, loosening of associations, inappropriate affect. 

- Anhedonia/anergia: loss of interest, loss of sexual interest, depressed ap­
pearance, fatigue. 

- Retardationlflat affect: slowed speech, slowed body movement, blunted af­
fect. 
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These items were obtained from the Schedule for Affective Disorders in 
Schizophrenia-Change (SADS-C; Endicott and Spitzer 1978) or the Present 
State Examination (9th edition; Wing et al. 1974). None of the positive symp­
toms on the SADS-C clustered with these items. Thus, in addition to the 
symptoms identified by Strauss et al. (1974) and Wing (1978), our studies sug­
gest that a broader range of affective and cognitive symptoms, e.g., in­
appropriate affect and loose associations, are independent of positive symp­
toms. It is unclear whether they should be considered negative symptoms or a 
third class of symptoms. I suggest the latter since they are independent of both 
positive and classical negative symptoms. 

Carpenter et al. (1985) have proposed a distinction between primary and 
secondary negative symptoms. This distinction is based only on presumptive 
etiology, not on type of behavior. Secondary negative symptoms are proposed 
to be: (a) the direct result of the acute onset of or an increase in positive symp­
toms (e.g., withdrawal in response to a paranoid idea); (b) extrapyramidal side 
effects (e.g., motor retardation due to drug-induced akinesia); (c) apathy and 
flat affect due to a coexisting reactive depression or the so-called 
postpsychotic depression; or (d) as a response to an understimulating environ­
ment. Secondary, negative symptoms are expected to respond to appropriate 
treatments of the etiological factors. 

Negative symptoms not due to clearly identified factors are considered 
by Carpenter et al. (1985) to be primary negative symptoms and constitute 
what they call the deficit state. They relate these symptoms to the type II 
schizophrenia of Crow (1980). They suggest that the treatment of primary 
and secondary negative symptoms may differ because of their differences in 
etiology. 

3 Effect of Typical Neuroleptics on Negative Symptoms 

Crow (1980) proposed that negative symptoms were largely unresponsive to 
neuroleptic treatment because they were manifestations of irreversible struc­
tural changes in the central nervous system. He subsequently suggested ab­
normalities in the temporal lobe to be the cause of negative symptoms based 
on neuropathological and neuropeptide abnormalities (Crow 1985). It is 
noteworthy that the cerebral atrophy and dilated ventricles which have been 
cited as evidence for the structural changes underlying negative symptoms 
have also been demonstrated in bipolar patients (Pearlson and Veroff 1981) 
and may also be found in schizophrenic patients who have few or no negative 
symptoms (see Meltzer 1987 for review). However, some authors believe that 
there is a correlation between negative symptoms and enlarged lateral 
ventricles (e.g., Williams et al. 1985). 

There is considerable empirical evidence for the proposition that negative 
symptoms, while not as responsive to neuroleptic treatment as positive symp-
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toms, do diminish during the course of treatment with neuroleptic drugs and 
may worsen in the absence of such treatment. The literature supporting this 
conclusion has been critically reviewed elsewhere (Meltzer et al. 1986; Meltzer 
1986). A similar conclusion was also reached by Goldberg (1985). Preliminary 
results of a study in which we found that treatment with typical neuroleptics 
differentially affected positive and negative symptoms have been previously 
published (Meltzer 1985,1986). We have now found that typical neuroleptics 
produce as much improvement in cognitive impairment/inappropriate affect 
as in positive symptoms. Significant improvement was also noted in an­
hedonia/anergia and retardation/flat affect but to a much lesser extent. No 
overall effect of paranoid as opposed to undifferentiated schizophrenia or of 
sex, age, or duration of illness was found. Improvement in negative symptoms 
was present even after controlling for improvement in positive symptoms 
(Meltzer et aI., in preparation). 

4 Clozapine and Negative Symptoms 

Despite these results, clinical experience indicates that better treatments of 
negative symptoms are needed. There is now a strong body of evidence from 
controlled clinical trials which suggests that clozapine, an atypical neuroleptic 
(Meltzer 1988) may be superior to typical neuroleptics in treating negative 
symptoms as well as positive symptoms (Meltzer 1987, 1989; Kane et al. 
1988). One early study indicated that clozapine was superior to chlor­
promazine in treating negative symptoms (Fischer-Cornelssen and Ferner 
1975), two showed a strong trend in that direction (Gerlach et ai. 1974; Gelen­
berg and Doller 1979), and two others showed equal effectiveness for 
clozapine and CPZ (Niskanen et ai. 1974; Guirgius et ai. 1977). 

Claghorn et al. (1987) compared chlorpromazine and clozapine in 151 
schizophrenics (DSM-II criteria), none of whom had been hospitalized for 
more than 6 months. Negative symptoms were rated in terms of the anergia 
subscale of the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham 
1962), which includes the following mainly negative symptoms: emotional 
withdrawal, blunted affect, psychomotor retardation, and disorientation. 
Clozapine produced significantly greater improvement in this subscale com­
pared to chlorpromazine at weeks 1, 2, 3, 5, 6, 8 as well as with an end-point 
analysis. 

In a recently completed multicenter trial, we studied the effect of clozapine 
versus chlorpromazine in nearly 300 treatment-resistant chronic 
schizophrenics (Kane et al. 1989). Schizophrenic patients with a history of 
failure to respond to at least three neuroleptics of two different classes over a 
period of 5 years were included. These patients were then prospectively treated 
with haloperidol at doses up to 60 mg/day for 6 weeks. Those with no clinical 
improvement (99%) were then randomly assigned to a 6-week trial with chi or-
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promazine or clozapine. The mean peak dose of clozapine was 600 mg/day, 
and that of chlorpromazine was 1200 mg/day. Significant advantages of 
clozapine over chlorpromazine in decreasing total BPRS and BPRS anergia 
scores were noted from weeks 1 to 6. Of the clozapine-treated patients, 30% 
were considered responders (~20% decrease in BPRS plus other criteria 
based mainly on changes in positive symptoms) versus 4% of the 
chlorpromazine-treated patients. Nurses' ratings on the NOSIE scale (Honig­
feld et al. 1966) indicated significant improvement in social competence, social 
interest, personal neatness, and retardation at weeks 2-6, with the social inter­
est factor ratings showing the greatest improvement. There was no significant 
difference in EPS between the two groups because of the use of an 
anticholinergic with chlorpromazine. Side effects such as sedation or ex­
trapyramidal side effects did not account for the difference. 

We have administered clozapine on an open basis to 43 treatment-resistant 
chronic patients for periods of up to 27 months. A total of 17 (40%) patients 
were dropped because of side effects (including two cases of agranulocytosis), 
noncompliance, or failure to respond. Of the remaining 26 patients, 19 (13%) 
showed, improvement in positive symptoms of at least 20% on the BPRS, as 
well as increased affective arousal and responsivity, increased intellectual con­
tent, spontaneous speech, social drive, interest in activities and independence. 
Improvement in some types of symptoms was dramatic in some cases. Thus, 
of the original 43 patients, 19 (44.2%) improved on clozapine. Improvement 
in negative symptoms was, if anything, more striking than improvement in 
positive symptoms. All three SADS-C negative symptoms factors - cognitive 
impairment/inappropriate affect, anhedonia/anergia, and retardation/flat af­
fect - responded to clozapine treatment. We included only those subjects who 
initially had symptoms of a particular kind in our analysis. Some patients 
were too ill to be reliably rated. As indicated in Table 1, for 23 of the subjects 
for whom SADS-C data for at least 3 months of treatment was available at the 
time of this writing, neither the overall improvement in positive symptoms nor 
any of the negative symptom subscales was significantly different. When data 
from those subjects who improved by at least 20% in the total BPRS was ex­
amined separately, there again was no difference in the percentage of im-

Table 1. End-point analysis of effect of clozapine on positive, cognitive, and negative symp­
toms 

Symptom cluster Total subjects a Subjects who improved 

n Mean±SEM (%) n(%) Mean ± SEM (%) 

Positive 20 19.9±14.3 15(75) 48.4± 9.7 
Cognitive impairment/ 20 47.4±13.8 16(80) 70.8±10.1 

inappropriate affect 
Retardation/flat affect 22 24.9 ± 24.2 19(86) 63.1± 5.7 
Anhedonia/anergia 23 33.3±20.7 19(83) 72.1± 8.2 

a Six subjects dropped out because of lack of effect or side effects. 
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provement in positive and negative symptoms. Nevertheless, there were trends 
for the percentage of improvement in negative symptoms to exceed that in 
positive symptoms. The proportion of patients with negative symptoms who 
improved ranged from 80% to 86% versus 75% for positive symptoms. Again, 
there was no significant difference. The proportion of patients with improve­
ment in positive or negative symptoms of at least 20% over baseline also did 
not differ. Of interest is the fact that improvement in negative symptoms oc­
curred in seven of eight patients with no improvement in positive symptoms. 
Since our treatment program included psychosocial treatments along with 
clozapine, and there was no drug comparison group, such improvement can­
not definitely be attributed to clozapine. 

Lindstrom (1988) recently reported that employment increased from 3% 
to 39% in patients who remained on clozapine for 2 years. We have noted a 
similar trend in our patients. 

These studies make it clear that clozapine can produce significant im­
provement in negative symptoms and in social and work functioning. 
However, a number of questions remain with regard to clozapine and the 
treatment of negative symptoms. These questions would also be relevant for 
any drug treatment of negative symptoms. What is the relationship between 
improvement in positive symptoms and negative symptoms, especially the 
temporal relationship? Does improvement in negative symptoms depend upon 
improvement in positive symptoms? Can it occur in residual schizophrenics 
without prominent positive symptoms? Will it improve secondary negative 
symptoms due to other neuroleptics, affective disturbance, postpsychotic 
depression, or lack of stimulation in the environment, as well as primary nega­
tive symptoms which are part of the deficit state? How much can psychosocial 
interventions, e.g., family therapy, supportive psychotherapy, enhance the ef­
fect of clozapine on negative symptoms and social functioning? Finally, what 
is the biological basis for the ability of clozapine to produce a degree of im­
provement in negative symptoms not produced by typical neuroleptics? This 
will be considered subsequently. 

5 Negative Symptoms- Target of Drug Therapy 

As mentioned in the "Introduction," there is clearly a need for more effective 
treatments of negative symptoms. Affective blunting, lack of motivation, 
diminished ideation, marked dependency, and psychomotor retardation im­
pair many schizophrenics who might have much better social functioning or 
quality of life were it not for their negative symptoms. Nonschizophrenic 
patients with delusional disorder or chronic auditory hallucinations do not 
usually have prominent negative symptoms. Their generally much better so­
cial functioning may be an indication of the deleterious effect that negative 
symptoms can have on overall social function. Negative symptoms rarely oc-
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cur alone, except in the deficit state, which is characteristic of residual 
schizophrenics. The treatment of negative symptoms is generally necessary in 
patients who also have positive symptoms. Drugs such as clozapine which 
have an effect on both types of symptoms will have a broader application than 
drugs which act on negative symptoms alone, but there may be a place for the 
latter as well. 

It is clear that negative symptoms in schizophrenics can respond to treat­
ment with typical neuroleptics, but even more to clozapine, an atypical 
neuroleptic. The pessimistic view on the potential responsiveness of negative 
symptoms based on a relationship to structural abnormalities in the brain 
proposed by Crow (1980) is unsustainable, whatever the fate of the con­
troversy as to whether there is an inverse relationship between response to 
neuroleptic drugs and computed tomography evidence of cerebral atrophy, as 
reported by some authors (Weinberger et al. 1980; Luchins et al. 1984; 
Andreasen et al. 1982) but not by others (Boronow et al. 1985; Williams et al. 
1985; Smith et al. 1987). Negative symptoms can be ameliorated and are there­
fore a legitimate target of drug development. 

To develop effective treatments of negative symptoms, at least five factors 
will have to be considered. It will have to be appreciated that there may more 
than be one type of negative symptoms, as found by us and others (Gibbons et 
al. 1985). Each of these may respond differently to drug treatment. A 
standard, reliable, sensitive rating scale of negative symptoms which has been 
psychometrically validated will be needed. Multivariate analyses which covary 
for course of illness, sex, age, changes in positive symptoms, effects of 
psychosocial interventions, and other factors may be necessary to identify the 
effect of treatments on negative symptoms. It would undoubtedly be helpful 
to have animal models of negative symptoms. These will be far more difficult 
to develop than those for positive symptoms, e.g., amphetamine-induced 
locomotor activity. They are not likely to be forthcoming until progress has 
been made on understanding the etiopathology of negative symptoms. Until it 
is known which biological phenomena are related to negative symptoms, e.g., 
decreased (or increased) dopaminergic activity, increased serotonergic ac­
tivity, decreased cholecystokinin, and perhaps some change in the organiza­
tion of neuronal activity (e.g., decreased frontal blood flow), progress will be 
slow in developing animal models of negative symptoms. Carnoy et al. (1986) 
have proposed that a deficient response to rewarding stimuli might be the ro­
dent equivalent of negative symptoms and noted that low doses of apomor­
phine, which have been shown to decrease dopamine release, induced a 
reward deficit when rats were shifted from continuous reinforcement to a 
fixed ratio (FR4) schedule of food delivery. There are, however, many 
candidate atypical drugs, drugs with clozapine-like properties, e.g., mel­
perone, amperozide, setoperone (Meltzer 1989). It is of great importance to 
learn whether these drugs share the ability of clozapine to diminish negative 
symptoms. It may then be possible to correlate specific biological charac­
teristics of these drugs with the average clinical dose needed to treat negative 
symptoms. Once it is possible quantitatively to assess the ability of these and 
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other drugs to treat both positive and negative symptoms, it will be possible to 
ascertain whether the biological basis for the two types of effects is shared or 
independent. 

In conclusion, the treatment of negative symptoms most certainly is the 
legitimate target of the next generation of antipsychotic drugs. 
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Clinical Effects of Selective Serotonin Reuptake Inhibitors 

P. BECH 1 

1 Meta-Analytic Reviews and On-File Data Studies 

Meta-analysis of controlled clinical trials has recently been established as a 
discipline that critically reviews and statistically combines the results of new 
treatment modalities. The objectives of a meta-analysis are to increase statisti­
cal power in detecting differences between treatments and to resolve un­
certainties in the case of conflicting results. A meta-analytic literature review 
takes the trial itself as unit of analysis and consequently gives equal weight to 
each trial. A study of on-file data calculates the central tendency of the pooled 
data set, in which the individual patient in the trial is the unit for calculation of 
means, standard deviations, etc. 

In a previous overview (Bech 1988 a) of controlled clinical trials of 
serotonin reuptake inhibitors it was shown that there are many scientific 
problems in reviewing the research on clinical trials. Among the factors that 
were found to vary from trial to trial are outcome criteria, duration of treat­
ment, dosage, and the setting (inpatient versus outpatients). The same review 
reported that most studies found no difference between tricyclic antidepres­
sants and serotonin reuptake inhibitors in antidepressive effect. However, 
whereas tricyclic antidepressants in some trials were found superior to 
serotonin reuptake inhibitors, no trial found serotonin reuptake inhibitors su­
perior to tricyclic antidepressants. Although such a literature review is not 
very powerful in a statistical sense, it was argued (Bech 1988a) that the results 
seemed powerful enough logically to classify serotonin reuptake inhibitors as 
weaker antidepressants than tricyclic antidepressants. 

Statistically, 5 % of trials should report significant superiority of serotonin 
reuptake inhibitors over tricyclic antidepressants due to change alone (using 
a 5% probability of type I error). In comparative trials on antidepres­
sants versus placebo, placebo was found superior in only 4% (Smith et al. 
1969) and 0% of patients (Morris and Beck 1974). On the other hand, no 
negative outcome trials of serotonin reuptake inhibitor effects compared to 
those with placebo has been published. In the present on-file data analysis of 
serotonin reuptake inhibitors, divergent trials will be compared to the meta­
analytically determined central tendency of the pooled data. 
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So far, meta-analyses of serotonin reuptake inhibitors have concentrated 
on only short-term studies, i.e. studies of 4-6 weeks duration. However, a sub­
stance is generally accepted (e.g. EC 1987) as an antidepressant drug if it can 
be shown to be effective not only in short-term but also in medium-term 
studies, i.e. those of 2-6 months duration, corresponding to the total duration 
of a melancholic episode. Unfortunately, the number of medium-term studies 
with serotonin reuptake inhibitors is still too small for meta-analysis. This 
review is, therefore, an on-fIle data analysis of short-term studies of serotonin 
reuptake inhibitors, and a literature analysis of the few medium-term studies. 
Of the six serotonin reuptake inhibitors previously reviewed only citalopram, 
fluoxetine and fluvoxamine will be examined here. 

2 Measures of Clinical Antidepressive Effect in Short-Term Studies 

In this analysis of controlled trials it has not been possible systematically to 
control for diagnosis (no measure of endogenous depression), setting (many 
mixed cases), or dosage (no plasma measurements of drug concentration). The 
large number of patients included in the analysis may compensate for these 
shortcomings - in total, around 400 patients have been analysed for each 
drug. On the other hand, however, such a large number of cases may present 
statistical problems in that the null hypothesis might then be rejected facilely. 
To limit the statistical testing only few measures of outcome have been used, 
and only pretreatment and post-treatment (4-6 weeks) observations have been 
analysed. It should be emphasized that outcome evaluation is based only on 
patients who completed the planned short-term study (4-6 weeks of treat­
ment). Fewer than 30% of patients in the various treatment groups, however, 
have been classified as non-completers. 

2.1 The Hamilton Depression Scale 

In combining individual trials on serotonin reuptake inhibitors for drawing 
overall conclusions as to antidepressive effect, the following aspects of the 
Hamilton Depression Scale (HDS; Hamilton 1967) have been found relevant 
(Bech 1988a): (a) the total 17-item HDS; (b) the 6-item melancholia subscale, 
including the most valied items for melancholic states (depressed mood, guilt, 
work and interests, retardation, psychic anxiety, and general somatic symp­
toms; Bech et al. 1975); and (c) the 3-item sleep subscale (Hamilton 1967). 
Statistically the HDS can be used to measure both improvement and recovery 
(Bech et al. 1984). In this analysis the weekly mean scores on the HDS 
measures have been used to indicate improvement over time. The reduction in 
final HDS score over pretreatment score has been used as a supplemental im­
provement measure. Recovery has been defined by use of the total HDS score 
after 4-6 weeks of treatment (;;;;; 7, complete recovery; 8-14, partial recovery; 
~ 15, non-recovery). 
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2.2 Global Improvement Scale 

Previous meta-analytic studies on tricyclic antidepressants (e.g. Wechsler et ai. 
1965; Smith et ai. 1969) have used only the Global Improvement Scale (GIS). 
To test the consistency of modern controlled tricyclic antidepressant studies 
the GIS has been considered as part of this meta-analysis. 

3 On-File Data Analysis of Citalopram 

The results shown in Table 1 are based on controlled clinical trials in which 
citalopram was compared to tricyclic antidepressants or placebo. In total, 422 
patients have been evaluated, using amitriptyline (Shaw 1986), clomipramine 
(DUAG 1986), imipramine (Johnson, unpublished), and placebo (Fabre et aI., 
unpublished; Herrington, unpublished). Among the trials comparing the ef­
fects of citalopram and tricyclic antidepressants, only that by DUAG found a 

Table 1. On-file data analysis of total HDS 

Pre- Week Week Week Week Week Week 
treatment 1 2 3 4 5 6 

Citalopram 
Subsample (n=219) 

Citalopram (n = 111) 22.8 18.8 16.1 14.1 12.4 8.9 
TCA(n=108) 22.8 17.6 13.6 11.6 9.7" 7.8 

DUAG (1986) subsample (n= 102) 
Citalopram (n = 50) 22.5 18.9 16.5 14.9 13.2 12.1 
TCA(n=52) 22.1 18.1 13.4 10.8 9.2- 8.8-

Non-DUAG subsample (n= 117) 
Citalopram (n =61) 23.1 18.7 15.8 13.3 11.7 
TCA(n=56) 23.4 17.2 13.9 12.3 10.3 

Subsample (n = 203) 
Citalopram (n = 96) 24.1 19.8 16.7 14.8 12.6-
Placebo (n= 107) 23.7 20.4 19.3 16.3 15.5 

Total Sample (n = 422) 

Fluvoxamine 
Amin et aI. (1984) 

Fluvoxamine (n= 161) 22.4 17.7 14.9 12.8 11.7-
Imipramine (n = 152) 22.6 18.0 15.1 12.7 12.3-
Placebo (n = 148) 22.7 18.1 16.3 15.9 15.4 

Hil et aI. (1983) subsample (n= 53) 
Fluvoxamine (n = 15) 21.2 12.7 
Imipramine (n =21) 21.7 10.4-
Placebo (n = 17) 19.9 16.0 

Total Sample (n=461) 

TeA, Tricyclic antidepressant. 
" p~0.05. 
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TabJe 2. On-file data analysis of HDS melancholia subscale 

Pre- Week Week Week Week Week Week 
treatment 1 2 3 4 5 6 

Citalopram 
Subsample (n=219) 

Citalopram (n = 111) 11.8 9.9 8.7 7.5 6.9 4.6 
TCA(n=108) 11.6 9.8 7.7 6.5 5.58 4.1 

DUAG(1986) subsample(n= 102) 
Citalopram (n = 50) 12.2 10.5 9.4 8.3 7.3 6.9 
TCA(n=52) 11.9 10.8 8.2 6.7 5.78 5.4 

Non-DUAG subsample(n=117) 
Citalopram (n=61) 11.4 9.4 8.2 6.9 6.6 
TCA(n=56) 11.2 8.9 7.2 6.4 5.3 

Subsample (n = 203) 
Citalopram (n = 96) 11.8 9.7 8.4 7.4 6.38 
Placebo (n = 107) 11.8 10.2 9.7 8.0 7.5 

Total Sample (n=422) 

Fluvoxamine 
Fluvoxamine (n= 161) 11.2 9.1 7.8 6.6 5.98 
Imipramine (n = 152) 11.3 9.1 8.1 6.6 6.28 
Placebo (n= 148) 11.4 9.4 8.3 8.3 7.9 

Nortonet a1. (1984) (n=91) 
Fluvoxamine (n = 35) 9.5 7.9 6.6 6.6 5.58 
Imipramine (n=31) 9.3 7.2 6.6 5.8 5.38 
Placebo (n=25) 9.7 8.0 6.4 7.0 6.8 

Dominguez et al. (1985) (n = 94) 
Fluvoxamine (n = 33) 10.5 8.9 6.3 5.3 5.38 
Imipramine (n = 30) 11.5 9.5 8.3 5.8 5.5" 
Placebo (n=31) 11.1 8.6 7.8 8.1 7.0 

Lapierre etal. (1987) (n=60) 
Fluvoxamine (n=21) 13.0 9.0 7.1 5.4 4.78 
Imipramine (n = 20) 12.9 9.0 7.4 6.7 5.78 
Placebo (n= 19) 12.2 8.9 8.1 8.5 8.9 

Remaining sample (n = 215) 
Fluvoxamine (n = 72) 11.9 9.9 8.9 7.6 6.98 
Imipramine (n = 71) 11.6 9.8 8.9 7.1 6.98 
Placebo (n = 73) 11.9 10.5 9.3 8.9 8.4 

Total Sample (n=461) 

TCA, Tricyclic antidepressant. 
8 p;:;;0.05. 

difference. The DUAG study is shown separately in Table 1 because this is the 
divergent citalopram study. A previous review (Bech 1988a) concluded that a 
17-item HDS mean score of no higher than 10 should be obtained after 4--5 
weeks of treatment with an antidepressant against a mean score of 15 for 
placebo. The citalopram results in Table 1 show that after 6 weeks of treat­
ment both citalopram and tricyclic antidepressants have an acceptable effect. 
Whereas tricyclic antidepressants were superior to citalopram after 4 weeks of 
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treatment in the total data set, when the DUAG results were excluded, no dif­
ferences were obtained. In contrast to the other citalopram trials the DUAG 
study used a fixed dosage (40 mg citalopram versus 150 mg clomipramine), 
and treatment in this study lasted for only 5 weeks. Finally, citalopram was 
found superior to placebo. 

Table 2 presents the results of citalopram trials using the HDS subscale on 
melancholic state. The difference between tricyclic antidepressants and 
citalopram in the DUAG study after 4 weeks of treatment seems due to a 
weak citalopram effect rather than a strong tricyclic antidepressant effect, in­
dicating that a fixed dosage of citalopram of 40 mg daily is not recom­
mendable. For the whole data set on citalopram versus tricyclic antidepres­
sant the results in Table 2 on melancholic state are similar to those in Table 1 
on the overall HDS scores. The most consistent difference between tricyclic 
antidepressants and citalopram was found in the sleep factor, the former 
showing a better effect than the latter (Table 3). However, compared to 
placebo the effect of citalopram on sleep was also statistically significant after 
4 weeks of treatment. 

Table 4 shows the improvement rates in short-term studies of tricyclic 
antidepressants and placebo compared to citalopram. The most important 
European study on tricyclic antidepressants (imipramine) versus placebo 
is the British multicentre study (Medical Research Council 1965). This 
study found a 72% improvement after 4 weeks of treatment with 
tricyclic antidepressants compared to a 45% improvement with placebo. 
This result is in harmony with the review study of Smith et al. (1969; see 
Table 4). The citalopram data using the GIS showed no difference 
between citalopram and tricyclic antidepressants after 4 weeks or after 6 
weeks. Both drugs were superior to placebo. These results are consistent with 
the MRC study and the Smith et al. (1969) study. The low placebo response 
after 6 weeks (only 24 patients) is similar to the findings of Quitkin et al. 
(1984). 

The measure of improvement on the HDS in Table 4 is a dichotomization 
on the basis of whether or not an improvement of 50% or more was observed 
in post-treatment rating scores compared to corresponding pretreatment 
scores. Because the HDS has not been used in all citalopram studies, the trials 
using another scale, the Montgomery-Asberg Depression Rating Scale 
(MADRS; Montgomery and Asberg 1979), have been included. In the study 
by Shaw (1986) both scales were included, and the HDS seemed here more 
sensitive than MADRS in measuring 50% improvement in citalopram-treated 
patients. The measure based on rating scale improvement of 50% or more 
gives a pattern similar to that using GIS scores, although it is a more con­
servative estimate. 
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Table 3. On-me data analysis ofHDS sleep items 

Pre- Week Week Week Week Week Week 
treatment 1 2 3 4 5 6 

Citalopram 
Subsample (n = 219) 

Citalopram (n = 111) 3.6 3.3 2.5 2.4 2.1 1.4 
TCA (n= 108) 3.7 1.9 1.4 1.2 1.1* 0.8* 

DUAG (1986) subsample (n= 102) 
Citalopram (n = 50) 3.5 3.3 2.6 2.5 2.3 2.0 
TCA(n=52) 3.7 1.8 1.4 0.9 1.1* 1.2* 

Non-DUAG subsample(n=117) 
Citalopram (n=61) 3.7 3.3 2.4 2.3 1.8 
TCA(n=56) 3.8 2.0 1.5 1.4 1.1* 

Subsample (n = 203) 
Citalopram (n = 96) 3.9 3.1 2.3 1.9 1.5* 
Placebo (n= 107) 4.0 3.4 3.2 2.6 2.5 

Total Sample (n =422) 

Fluvoxamine 
Fluvoxamine (n = 161) 3.7 2.8 2.3 2.1 1.9* 
Imipramine (n = 152) 3.7 2.8 2.1 1.9 1.9* 
Placebo (n = 148) 3.8 2.9 2.8 2.5 2.4 

Norton et al. (1984) 
subsample (n = 91) 
Fluvoxamine (n = 35) 2.5 2.1* 
Imipramine (n=31) 1.7 1.7 
Placebo (n=25) 1.7 1.3 

Dominguez et al. (1985) 
subsample (n = 94) 
Fluvoxamine (n = 33) 1.4 1.2 
Imipramine (n = 30) 1.6 1.8 
Placebo (n=31) 2.6 2.4* 

Lapierre et al. (1987) 
subsample (n = 60) 
Fluvoxamine (n = 21) 1.9 1.7 
Imipramine (n = 20) 2.1 2.0 
Placebo (n= 19) 2.7 3.1* 

Total sample (n=461) 

TCA, Tricyclic antidepressant. 
* p~0.05. 

4 On-File Data Analysis of Flu vox amine 

The analysis of fluvoxamine, in contrast to that of citalopram, is not based on 
all controlled fluvoxamine trials as collected by Benfield and Ward (1986). 
The HDS data that have been analysed are from a large multicentre study in­
volving eight centres in North America and the United Kingdom. A total of 
461 patients with major depression were treated for 4 weeks with fluvoxamine, 
imipramine or placebo. These data have previously been described by Amin et 
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Table 4. Iinprovement on GIS (moderate to excellent) and HDSjMADRS (~50%): per­
centage of patients (and confidence limits) 

GIS 

Treat- Smith Medical 
ment etal research 

1969 Council 
(1965) 

Week 4 Week 4 

Citalopram data on 
me 
(Feb. 1988) 

Week 4 Week 6 

HDSjMADRS 

DUAG 
(1986) 

Citalopram on me 
(Feb. 1988) 

Week 4 Week 4 Week 6 

TCA 64 (62-66) 72 (59-83) 76 (61-86) 85 (72-93) 73 (59-84) 67 (52-80) 73 (59-84) 
n=2548 n=58 n=49 n=53 n=52 n=49 n=52 

Citalo- 66 (60-72) 72 (64-78) 44 (30-59) 59 (53-65) 70 (62-77) 
pram n=243 n=155 n=50 n=269 n=157 

Placebo 45 (41-49) 45 (31-60) 47 (36-59) 29 (13-51) 30 (20-42) 24 (10-46) 
n=780 n=51 n=74 n=24 n=73 n=25 

TCA, Tricyclic antidepressant. 

al. (1984). Approximately one-third of subjects were treated as inpatients, the 
ratio of men to women was 1 : 3, and ages ranged from 19 to 70 years (mean, 
42). The mean doses employed were 155 mg fluvoxamine and 156 mg im­
ipramine (flexible dosage regime). 

Among the controlled trials with fluvoxamine reviewed by Benfield and 
Ward (1986), that with divergent negative results was the trial conducted by 
Itel et al. (1983), which used a design similar to that with the pooled data of 
461 patients analysed by Amin et al. (1984; see Table 1). This trial is also 
similar to that in using only the first 16 items of HDS, thereby excluding the 
item of weight loss, as recommended by Coppen et al. (1978). Whereas the im­
ipramine effect after 4 weeks was of similar order in the pooled data and in the 
data ofltel et al. (1983), the effects offluvoxamine and placebo were weaker in 
the latter trial than in the pooled sample. Compared to the citalopram results, 
the effects of fluvoxamine and of placebo were more pronounced after 4 weeks 
of treatment. 

Table 2 presents results using the HDS subscale on melancholia - for the 
pooled sample and for the subsamples of Norton et al. (1984), Dominguez et 
al. (1985), and Lapierre et al. (1987). Whereas the outcome differences after 4 
weeks treatment with fluvoxamine or imipramine is more pronounced in these 
three subsamples than in the pooled sample, the placebo effect in the trial by 
Lapierre et al. (1987) is weak. This trial, in contrast to those by Norton etal. 
(1984) and Dominguez et al. (1985), is on inpatients, and the mean daily dose 
of fluvoxamine (180 mg) and imipramine (173 mg) is significantly higher than 
that in the trial by Norton et al. (1984; 133 mg and 153 mg, respectively). In 
general, the placebo effect on the melancholia sub scale is weaker than that on 
the 16-item HDS, and the placebo effect in the fluvoxamine sample is similar 
to that in the citalopram sample. The pretreatment severity of depression is 
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highest in the inpatient study by Lapierre et al. (1987), but for the pooled 
fluvoxamine data the pretreatment means are comparable to those for the 
pooled citalopram data. On the other hand, the outcome with tricyclic 
antidepressants after 4 weeks is slightly better in the citalopram analysis, 
which includes amitriptyline and clomipramine. 

The effect of fluvoxamine on the HDS factor of sleep (Table 3) 
demonstrates the divergence of the Norton et al. (1984) subsample, which 
found fluvoxamine weaker than placebo on sleep items than in trials by 
Dominguez et al. (1985) and Lapierre et al. (1987). In all three trials the im­
ipramine effect was rather similar. Again, the tricyclic antidepressant effect on 
sleep in the citalopram trials is more pronounced than the imipramine effect 
obtained in the fluvoxamine trials, whereas the placebo effect is rather identi­
cal in the two serotonin reuptake inhibitor trials. 

5 Recovery Rates with Serotonin Reuptake Inhibitors 

For the treating doctor the rates of recovery are more meaningful than the 
rates of improvement. In Table 5 the findings of the meta-analysis of 
citalopram and fluvoxamine effects are compared to the effects of tricyclic 
antidepressant and placebo. There seems to be general agreement that tricyclic 
antidepressant after 4 weeks of treatment has a non-recovery rate of around 

Table 5. Percentage recovery rates ofHDS' 

Week 4 Week 5 Week 6 

Com- Par- Non- Com- Par- Non- Com- Par- Non-
plete tial re- plete tial re- plete tial re-

covery covery covery 

Citalopram 
total sample (n = 422) 

Citalopram (n = 207) 24 40 36 47 20 32 
TCA (n= 108) 44 34 23 53 32 19 
Placebo (n= 107) 14 32 55 8 24 68 
Citalopram Duag 

subsample (n= 102) 
Citalopram (n = 50) 20 40 40 28 42 30 
TCA(n=52) 46 38 15 61 16 24 
Fluvoxamine 

total sample (n=461) 
Fluvoxamine (n = 161) 34 42 24 
Imipramine (n= 152) 37 37 26 
Placebo (n = 148) 29 32 39 

TCA, Tricyclic antidepressant. 
• Complete recovery, ~7; partial recovery, 8-14; non-recovery, ~ 15. 
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25%. The fluvoxamine data also show a non-recovery rate of 25% after 4 
weeks, whereas citalopram after 4 weeks has a non-recovery rate of 36% and 
after 6 weeks of around 30%. In contrast, placebo results are inconsistent. In 
the citalopram sample placebo has a non-recovery rate after 4 weeks of 55%, 
compared to that in the fluvoxamine sample of 39% for placebo. After 6 
weeks the placebo rate has increased to 68%. The relatively good outcome 
with placebo in the fluvoxamine sample is also reflected in the high rate of 
complete recovery. 

6 Discussion and Conclusions Regarding Clinical Effect 
of Serotonin Reuptake Inhibitors in Short-Term Studies 

In a previous review (Bech 1988 a) it was concluded that the antidepressive ef­
fect of serotonin reuptake inhibitors was slightly less pronounced than that of 
tricyclic antidepressants, but significantly better than with placebo. This on­
file data analysis has reconsidered the trials that diverged, showing a super­
iority of tricyclic antidepressants over serotonin reuptake inhibitors - DUAG 
(1986) concerning citalopram and Itel et al. (1983) and Norton et al. (1984) 
concerning fluvoxamine. The overall effect of citalopram, when evaluated 
with the most valid HDS subscale, showed that the DUAG trial identified a 
weak citalopram effect after 4 weeks rather than a strong tricyclic antidepres­
sant effect. The other controlled tricyclic antidepressant studies in the 
citalopram sample showed no difference to the citalopram effect after 4 weeks. 
However, the pooled data set found citalopram inferior to tricyclic 
antidepresssants after 4 weeks, but not after 6 weeks of treatment. After 4 
weeks citalopram was superior to placebo. 

The overall effect of fluvoxamine measured on the HDS subscale 
of melancholic states showed that the trial by Norton et al. (1984) identified 
a strong placebo effect. In the pooled data set no difference was ob­
tained between fluvoxamine and imipramine after 4 weeks of treat­
ment. 

On the HDS factor of sleep, citalopram was found to be consistently in­
ferior to tricyclic antidepressant, but superior to placebo. The effect of 
fluvoxamine was similar to that of imipramine and superior to placebo in the 
pooled data, but also in this respect the Norton et al. (1984) trial was 
divergent. The difference between citalopram and fluvoxamine may be due to 
the fact that fluvoxamine trials have used imipramine as tricyclic antidepres­
sant whereas citalopram trials have employed amitriptyline. Trials on 
fluoxetine have found amitriptyline superior on the HDS factor of sleep (e.g. 
Chouinard 1985). 

The exclusion of patients in this on-file meta-analysis who failed to com­
plete the planned short-term trial may have influenced the improvement rates 
with serotonin reuptake inhibitors compared to those with tricyclic 
antidepressants. The tolerance of serotonin reuptake inhibitors has varied 
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from trial to trial; Lapierre et al. (1987), for example, found a rather high 
tolerance of fluvoxamine, but Itel et al. (1983) and Dominguez et al. (1985) 
found the reverse. In conclusion, the short-term trials of citalopram and 
fluvoxamine indicate that these drugs can be classified as non-sedating 
antidepressants, with no anticholinergic side effects but with an action that 
is not earlier in onset than that of tricyclic antidepressants, i.e. rather 
delayed. 

7 Measures of Outcome in Medium-Term Studies 

As discussed elsewhere (Bech 1988 b), the states of melancholia should be con­
sidered as a disability dimension relevant for short-term studies, whereas the 
dimensions of distress (the subjective acceptance of treatment with reference 
to side effects) and of discomfort (the subjective acceptance of illness with 
reference to demoralization) are relevant for medium-term studies. Self-rating 
scales should be considered for the measurement of distress and discomfort 
(Bech 1-988 b). In this connection it is of interest that fluvoxamine was found 
inferior to imipramine on the Beck self-rating scale (ltel et al. 1983) and in­
ferior to clomipramine (Dick and Ferrero 1983), whereas fluoxetine on the 
Zung self-rating scale was found inferior to amitriptyline (Chovinard 1985). 
So far these self-rating scales have not been used in citalopram trials. 

7.1 Relapse Percentage with Serotonin Reuptake Inhibitors 

The rate of relapse with electroconvulsive therapy and with amitriptyline in a 
medium-term (7-month) trial by Kay et al. (1970) was 47% and 24%, respec­
tively. Other medium-term trials (6-8 months) on depressed patients who had 
initially recovered have confirmed an approximately 50% relapse with ECT 
and 20% with tricyclic antidepressants (amitriptyline or imipramine), as 
reviewed by Schou (1976). In an open but controlled study (Wernicke and 
Brenner 1986) it was found that fluoxetine had a relapse rate of 14% (n = 112) 
whereas imipramine (n=85) had a relapse rate of 16%. In a controlled 
double-blind medium-term trial Guelfi et al. (1987) treated 15 patients on 
fluvoxamine and 21 patients on imipramine. The relapse rate in these patients 
was globally defined (J. Wakelin 1988, personal communication) and showed 
a 13% relapse with fluvoxamine and 19% with imipramine. Finally, in an 
open and non-controlled citalopram study (data on file, June 1988) a relapse 
rate of 6% in 93 patients was obtained. 

7.2 Distressful Side Effects of Serotonin Reuptake Inhibitors 

Distressful reactions of hypersensitivity as were found with the first serotonin 
reuptake inhibitor, zimeldine, have not been found for any of the serotonin 
reuptake inhibitors mentioned in this analysis. The most consistent subjective 
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report of side effects with serotonin reuptake inhibitors has been nausea 
(Amin et al. 1984), which typically is an immediate side effect. As a tardive 
side effect nausea is rarely seen. It may well be that subclinical nausea is 
responsible for the absence of weight gain in medium-term trials with SRIs. 
Weight gain is one of the main reasons for non-acceptance of maintenance 
treatment with tricyclic antidepressants or lithium in manic-melancholic 
patients (Bech et al. 1976). Furthermore, dry mouth, sweating and other anti­
cholinergic side effects of tricyclic antidepressants introduce a moderate dis­
tress in maintenance therapy with ,these drugs. 

7.3 Discomfort of Serotonin Reuptake Inhibitors 

It is undoubtful that patients who have received electroconvulsive therapy 
retrospectively consider their illness more negatively than do patients who 
have received only drugs. In general, patients with manic-melancholic dis­
order have a dissimulating attitude to their illness (Bech et al. 1980), but it is 
obvious that a specific drug, blocking only relevant dysfunctional impairment, 
psychologically should have a minimal influence on patients' acceptance of 
their illness, 

8 Conclusion 

This review of studies on citalopram and fluvoxamine has shown that these 
drugs can be classified as non-sedating antidepressants, as they have 
been found active both in short-term and in medium-term trials. Data 
from the short-term studies with divergent findings regarding citalopram 
and fluvoxamine have been pooled to permit a meta-analysis of the effects 
of drugs. Using the core symptoms in the HDS as outcome measure­
ment, serotonin reuptake inhibitors were found to be superior to placebo 
and comparable to tricyclic antidepressants. However, the trials with 
divergent results and some trials using self-rating scales have found that 
serotonin reuptake inhibitors have a delayed action compared to tricyclic 
antidepressants. This feature is shared by the other serotonin reuptake in­
hibitors, fluoxetine. 

The side effects of citalopram and fluvoxamine have been very restricted; 
only nausea at the beginning of treatment may be distressful. Also in this 
respect, fluoxetine resembles citalopram and fluvoxamine. This relative lack 
of side effects combined with the promising medium-term trials that have 
found a relapse rate in patients treated with serotonin reuptake inhibitors 
comparable to that in patients treated with tricyclic antidepressants, and 
thereby superior to electroconvulsive therapy, seems to indicate that SRIs 
may be useful in long-term relapse-preventive trials. However, more studies 
are needed to evaluate whether the basic action of serotonin reuptake in­
hibitors reestablishes the biological mechanisms that are necessary for 
developing a depressive state. Comparative short-term studies testing the 
onset of action with citalopram versus fluvoxamine are needed. 
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Effects of Serotonergic Agonists 
on Neuroendocrine Responses of Rhesus Monkeys 
and Patients with Depression and Anxiety Disorders 

G. R. HENINGER, D. S. CHARNEY, L. H. PRICE, P. DELGADO, 

S. WOODS, and W. GOODMAN 1 

1 Introduction 

The role of the serotonergic (5-HT) system in the etiology and treatment of 
neuropsychiatric disorders has been a focus of considerable research for many 
years. Recent progress in biochemical neuropharmacology has resulted in the 
delineation of a variety of serotonin receptor subtypes. More specific agonists 
and antagonists for the serotonin receptor subtypes are available, and a few 
are available for clinical use. One research strategy has been to administer 
"challenge" doses of a serotonin receptor agonist to patients and compare the 
behavioral and neuroendocrine response to that of healthy controls. At times 
it has been possible to utilize this strategy both before and after 
pharmacologic treatment in order to allow an evaluation of the treatment on 
the sensitivity of the receptor system. 

There is considerable data indicating that serotonin is stimulatory to 
prolactin release. However, the nature of the serotonin receptor subtypes in­
volved in this response is not fully understood, particularly in primates (Van 
de Kar et al. 1985). In order to delinate more clearly the type of serotonin 
receptor SUbtype that might be involved in stimulating prolactin, cortisol, and 
growth hormone release, studies were conducted in rhesus monkeys. 

2 Serotonin Agonists in Rhesus Monkeys 

Four to eight adult male rhesus monkeys were chaired daily and had in­
travenous catheters placed in a lower leg vein once weekly. This allowed for 
the infusion of a serotonin agonist and antagonist as well as the withdrawal of 
blood for hormone assays. In order more fully to understand the relative 
potency of the serotonin agonists, two dopamine receptor antagonists 
(SCH 23390 for D1 and haloperidol for D2) were also studied. Monkeys 
received from three to eight different doses of each compound spaced at least 
1 week apart. The specific serotonin S2 antagonist ritanserin and the non-
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of Medicine, and the Connecticut Mental Health Center, DMH, 34 Park St., New Haven, 
CT 06508, USA 
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Table 1. Effects of dopamine Dl and H2 receptor antagonists and 5-HT receptor agonists 
and antagonists on prolactin release in rhesus monkeys 

Halo- Bus- SCH23390 8-0HDPAT Ge- Ipsa- MCPP Mes- Tryp-
periodol pirone prione pirone ca- tophan 

line 

Relative" 0.02 0.2 0.5 2 4 13 1000 
potency 

Antagonism (%) 
Ritanserin 0 0 0 0 50 90 
Metergoline 72 95 96 90 100 100 

" In Jlllloljkg to produce a peak prolactin response of20 ngjml over baseline. 

specific serotonin antagonist metergoline were used to block the response 
(Heninger et al. 1987, 1988). 

For all of the drugs studied prolactin gave a consistent dose response 
curve, but growth hormone and cortisol changes were much more variable. In 
terms of prolactin release, in Table 1, the dopamine D2 receptor antagonist 
haloperidol is over 50 times more potent than the specific serotonin SlA 
agonist 8-0HDPAT. The dopamine Di receptor antagonist SCH 23390 was 
only twice as potent. Haloperidol, buspirone, and SCH 23390 all produced 
catatonia at the higher doses. m-Chlorophenylpiperazine (MCPP) is four 
times less potent than 8-0HDPATwhile the serotonin S2 agonist mescaline is 
13 times less potent. Obviously tryptophan is many orders of magnitude less 
potent. Metergoline antagonized all the serotonin agonists studied, as well as 
producing some antagonism of the effects of haloperidol. Ritanserin did not 
block the effects of haloperidol, buspirone, 8-0HDPAT, or gepirone, but it 
produced an almost complete antagonism of mescaline and a 50% block of 
MCPP. A partial (18%) antagonism of tryptophan was also observed. The 
data suggest that, in terms of the regulation of prolactin release, the serotonin 
SlA receptors are much more relevant than the serotonin SiB or the S2 recep­
tor systems. The high potency of hal ope rio dol and buspirone suggests that the 
dopaminergic inhibition is relatively more important than the stimulatory ef­
fects of serotonin on prolactin. Since buspirone and gepirone differ very little 
in chemical structure, it is of considerable interest that there is this strong 
evidence of dopamine D2 receptor antagonism with buspirone. 

3 Neuroendocrine Response to Intravenous Tryptophan 
in Depressed Patients: Effects of Treatment 

Substantial data from animal studies suggest that one of the major 
mechanisms of antidepressant treatment is the facilitation of serotonergic 
function (Blier et al. 1987). The data support the hypothesis that long-term 
but not short-term treatment with serotonin uptake inhibitors and 
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mono amino oxidase (MAO) inhibitors reduces the sensitivity of serotonin SlA 

presynaptic receptors located on cell bodies and/or dendrites and possibly 
some nerve terminals. A slow desensitization of these receptors results in an 
increase in the firing rate of serotonin neurons and an overall increased ef­
ficacy of serotonin release. Tricyclic antidepressants such as desipramine 
produce a postsynaptic increased sensitivity at some serotonin receptors. 
Thus, even though serotonin uptake inhibitors, MAO inhibitors, and tricyclic 
antidepressants may differ in their mechanisms, they all appear to increase 
serotonergic function. 

In order to obtain clinical data revelant to this hypothesis, the prolactin 
response to infused tryptophan was studied in a large number of depressed 
patients, before and during active treatment with various antidepressant drugs 
(price et al. 1985, 1988, 1989a, b). In Table 2 the results are summarized. It 
can be seen that both short-term and long-term fluvoxamine treatment 
produces a very robust increase in the prolactin response to the infused tryp­
tophan. With desipramine the percentage change is much less and is statisti­
cally significant only following long-term treatment. With tranylcypromine 
the prolactin response was increased approximately equally following short­
term arid long-term treatment. Trazodone was not studied in the short term, 
but in the long term there was no change from pretreatment levels. Of con­
siderable interest is the fact that lithium produced a much more reliable in­
crease in prolactin response when patients were treated for less than 10 days 
than when they were treated over 3-4 weeks. 

Taken together, the data for fluvoxamine and desipramine suggest that 
overall serotonergic function is increased more during longer term treatment, 
and it is not as effectively increased when treatment is less than 10-14 days. 
This provides some support to the findings in laboratory rats of the relatively 
slow desensitization of the serotonin 51A receptors and the similarly slow in-

Table 2. Effects of short- and long-term antidepressant treatment on the prolactin response 
to intravenous tryptophan 

Treatment Short-term treatment Long-term treatment 

n Dose Treatment Percent n Dose Treatment Percent 
(mg/day) duration of baseline a (mg/day) duration of baseline" 

(days±SD) (days ± SD) 

Fluvoxamine 16 203 7.9±2.8 250c 22 264 33± 8 344c 

Desipramine 13 188 6.8±2 150 16 197 28± 4 184c 

Tranylcypromine b 5 25 9 ±2 135 4 30 24± 2 157 
Trazodone b 9 311 33±10 96 
Lithium 13 1015 5.6±1.5 150c 13 1200 31±10 110 

a Peak response minus baseline after treatment divided by peak minus baseline before treat­
ment. 

b Area under the curve instead of peak response minus baseline. 
c p < 0.05, paired t test. 
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crease in postsynaptic sensitization following the standard tricyclic drugs such 
as desipramine. It is of interest that trazodone, which has been reported to be 
an effective antidepressant, does not produce changes in serotonergic function 
even following long-term treatment. Lithium has offered a less effective acute 
antidepressant treatment, but it has been found to be efficacious in about 70% 
of refractory patients when added to ongoing treatment with other drugs 
(Heninger et al. 1983). The early augmentation of serotonergic function with 
lithium and the adaptation of this back toward baseline levels does not direct­
ly correlate with clinical observations since relapse of depression during 
lithium treatment is not common, indeed lithium has been used as an effective 
long-term prophylactic treatment of unipolar depression. 

4 The Effect of Serotonin Agonists on Fear I Anxiety Behavior 
in Laboratory Animals 

A review of the multitude of behavioral effects of serotonin agonists is beyond 
the scope of this brief report, but the heterogeneity of the effects is of some in­
terest, especially as it applies to neuropsychiatric syndromes. In Table 3 the 

Table 3. Effects of drugs that modify 5-HT function on laboratory animal behaviors that are 
thought to model fear/anxiety 

Class of drug 

5-HT neurotoxins 
5-HT synthesis inhibitors 
5-HT receptor antagonists 

Nonselective 
Selective 

5-HTS1 

5-HTS2 

5-HTS3 

5-HTS lA receptor agonists/antagonists 
Buspirone 
Gepirone 
Isapirone 

5-HTS1A receptor agonists 
5-HTS1B receptor agonists 
5-HT uptake inhibitors 
MAO-A and MAO-B inhibitors 

Efficacy and consistency 
in reducing fear/anxiety 
behaviors 

++++ 
++++ 

++ 

o 
++++ 
+++ 

++ 
++ 
+++ 
++ 
o 
o 
o 

+ + + +, Very reliable effect; + + +, moderate reliable effect; + +, mild reliable effect; 
+ , slight or questinoably reliable effect; 0, no effect. 
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variety of drugs that alter serotonergic function are listed relative to their ef­
fects on fear/anxiety behavior in animals (Chopin and Briley 1987; Traber and 
Glaser 1987). The increased efficacy of serotonin neurotoxins and synthesis 
inhibitors has been thought to represent the disinhibition of punished be­
havior and therefore may not be as relevant to clinical anxiety situations as 
some of the other drugs, such as the selective serotonin S2 antagonists, the 
serotonin S3 antagonists, or the mixed agonist-antagonists for the serotonin 
SlA receptors. It is of some interest that the serotonin uptake inhibitors and 
the MAO-A and MAO-B inhibitors are without effect in these animal models. 
It has been well known that MAO inhibitors and, more recently, the selective 
serotonin uptake inhibitors (Evans et al. 1986; Kahn et al. 1988) may be useful 
in the treatment of panic disorder. Patients with obsessive-compulsive dis­
order have been found to respond to both of these classes of drugs, particular­
ly the specific serotonin uptake inhibitors. Thus, the differential sensitivity of 
animal behavior to the various drugs listed in Table 3 illustrates the specificity 
of the serotonin receptor subtype systems on behavioral effects. However, this 
does not have a direct one-to-one correlation to the use of these compounds in 
the treatment of anxiety disorders. 

5 Studies of the Serotonergic Agonist MCPP in Patients 
with Major Depression and Anxiety Disorders 

There has been considerable progress in understanding the role of the various 
serotonin receptor subtypes in regulating autonomic function and behavior in 
laboratory animals. It would be extremely useful to be able to apply drugs 
with specific effects on serotonergic function in a clinical situation to in­
vestigate the possible abnormalities in serotonergic function in patients as well 
as to assess the effects of treatments. There is a great limitation, however, due 
to the lack of clinically available specific compounds for this purpose, and 
most clinical investigators have been restricted to one or two available drugs. 
One drug which has been studied for a number of years has been tryptophan, 
administered intravenously at a dose of approximaltey 100mg/kg, which 
stimulates prolactin and growth hormone release. There is no stimulation of 
cortisol release with this method. 5 Hydroxy tryptophan stimulates cortisol 
but not prolactin; space limitations, however, do not allow a full discussion of 
this problem here. Another available compound has been MCPP. Since 
MCPP is a metabolite of the widely used antidepressant trazodone (Caccia et 
al. 1981), it is felt by these authors to be safe for administration to human sub­
jects. Several studies have been conducted investigating MCPP in healthy sub­
jects, where it has been found to produce some increases in anxiety, nervous­
ness, and somatic symptoms, as well as the stimulation of prolactin, cortisol, 
and growth hormone release (Mueller et al. 1986). In Table 4, the 
neuroendocrine effects of intravenous tryptophan, intravenous MCPP, and 
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Table 4. Neuroendocrine response to tryptophan and MCPP in psychiatric patients 

Intravenous Intravenous MCPP' Oral MCPP' 
Tryptophan • 

Pro- Growth Pro- Growth Cor- Pro- Growth Cor-
lactin Hormone lactin Hormone tisol lactin HomlOne tisol 

Major ! ! N ! N 
depression 

Panic disorder N N N N N 
Obsessive- N N N N N ! 

compulsive !b 
disorder 

N, Not statistically different than healthy controls; L statistically significant (p<0.05) 
decreased response compared to healthy controls . 
• Increase in hormone concentration following tryptophan intravenously at 100 mg/kg or 
MCPP 0.1 mg/kg intravenously or 0.5 mg/kg oral. 
b Only in women. 

oral MCPP have been listed for the studies of patients with major depression, 
panic disorder, and obsessive-compulsive disorder (Charney and Heninger 
1986; Charney et al. 1987, 1988; Heninger et al. 1984; Zohar et al. 1987). It can 
be seen that there is a blunting of the prolactin and growth hormone release to 
intravenous tryptophan in depressed patients which has not been seen in 
patients with panic disorder or obsessive-compulsive disorder. With in­
travenous MCPP (infused over 20 min) there is a rapid increase in anxiety 
symptoms, and this is accompanied by a clear-cut increase in prolactin, 
cortisol, and growth hormone. However, in patients with panic disorder the 
neuroendocrine response to MCPP is not statistically different to that in 
healthy controls. In patients with obsessive-compulsive disorder the prolactin 
response in female patients following intravenous MCPP was blunted. This 
contrasts with an essentially normal prolactin response to oral MCPP in 
patients with obsessive-compulsive disorder, who in this study also had a 
blunting to the cortisol response, which was normal following intravenous 
MCPP. These data clearly indicate some difference in patients' responses to 
the intravenous versus the oral forms of MCPP, since, in addition, the patients 
with obsessive-compulsive disorder had an increase in obsessive-compulsive 
symptoms following oral MCPP but not following intravenous MCPP. It is of 
interest that with intravenous administration of MCPP the maximal effects 
occur at the end of the infusion, i.e., after 20 min, peak somewhere between 20 
and 30 min, and then rapidly dissipate. The symptomatic and neuroendocrine 
effects following oral administration of MCPP slowly increased to a peak 
response at about 3 h. Thus, marked differences in the rate of systemic 
availability of the compound could account for some of the differences in 
these results. The data do indicate, however, that abnormalities in the 
neuroendocrine response of patients to stimulation of the serotonergic system 
do exist, and that there are differences between diagnostic groups. It would be 
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very important to be able to utilize more specific and pure agonists, since 
MCPP has been reported to have high affinity for a number of other receptor 
systems (Hamik and Peroutka 1987), and serotonin SlB receptors are reported 
to be nonexistent or at very low numbers in human brain. Thus, the 
pharmacologic specificity of both tryptophan and MCPP infusion could be 
questioned, and it would be much more useful to utilize more specific com­
pounds. 

6 Recent Studies on the Effects of Tryptophan Depletion 
on the Symptoms of Depressed Patients 

There are considerable data indicating that brain serotonin levels are, to some 
degree, dependent on plasma tryptophan concentrations. Thus, there are a 
number of studies which have shown that there are mild to moderate correla­
tions between lowered plasma tryptophan levels and dysphoric moods. There 
has been some problem, however, in the robustness of this relationship and in 
demonstrating the physiologic and behavioral relevance of the changes in 
plasma tryptophan levels relative to changes in mood and behavior of 
patients. Recent studies have shown that there is a statistically significant 
greater prolactin release following intravenous tryptophan in healthy subjects 
receiving a diet of 200 mg tryptophan each day than in those on a regular diet. 
This difference was not seen when a diet of 700 mg/day was given (Delgado et 
al. 1987). 

More recently, Delgado et al. (1988) have presented evidence that a severe 
depletion of plasma tryptophan markedly alters the mood and behavior of 
previously depressed patients who have recently responded to antidepressant 
treatment. In this procedure patients ingest a diet low in tryptophan (160 mg) 
for 24 h and then ingest a tryptophan-free 16 amino acid drink, which 
produces a 90% reduction in plasma tryptophan levels. In the initial report 12 
patients on a variety of antidepressant treatments were studied. Within 24 h of 
this severe depletion of plasma tryptophan, 8 of the 12 patients had an in­
crease of 10 or more points on the Hamilton Depression Scale before gradual­
ly returning to predrink status. Four of the patients did not have marked 
changes in scale ratings. These data are listed in Table 5. Also in Table 5 it can 
be seen that there is a tendency for those patients who are on lithium plus 
fluvoxamine or desipramine to be somewhat more resistant to the increase in 
depressive symptoms following the amino acid drink. A larger number of sub­
jects will need to be studied to assess more fully whether lithium could protect 
against this effect. This would be of considerable interest since a number of 
lines of evidence indicate that lithium augments serotonergic function, much 
of this being related to presynaptic effects, including increased uptake of tryp­
tophan. Also in Table 5 it can be seen that when the same subjects are given a 
control diet and drink which includes the same diet and a low-tryptophan 
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Table 5. Effects of a 24 h low-tryptophan diet and a tryptophan-deficient amino acid drink 
on depressive symptoms of patients who recently responded to antidepressant treatment 

Antidepressant treatment 
Fluvoxamine 
Tranylcypromine 
Desipramine 
Lithium plus fluvoxamine or desipramine 

Control diet and drink 

Relapse' 

3 
3 
1 
1 
o 

No 
relapse 

1 
o 
1 
2 
8 

, A greater than 10-point increase in Hamilton Depression Scale ratings within 24 h follow­
ing the drink. 

amino acid drink, but with 1500 mg oral tryptophan added to the diet and 
2.3 g ofL-tryptophan added to the drink, there is no change in any of the eight 
patients in whom this procedure was studied. 

These data provide evidence in support of earlier studies in which the con­
dition of depressed patients became worse following the serotonin synthesis 
inhibitor parachlorophenylalanine (Shopsin et al. 1976). Taken together, the 
results of the parachlorophenylalanine study and of this plasma tryptophan 
depletion study suggest that adequate function of the serotonergic system is 
necessary (but possibly not sufficient) for effective antidepressant treatment. 

7 Discussion 

Major advances in the understanding of the multiple receptor subtypes of the 
serotonergic system have led to the use of a number of new compounds for the 
treatment of neuropsychiatric disorders. Thus, a recent report on induction of 
migraine-like headaches by MCPP (Brewerton et al. 1988) can be evaluated in 
the context of the very recent report on improvement in migraine following 
the novel serotonin St-like receptor agonist, GR 431175 (Doenicke et al. 
1988). This compound was quite effective in the acute treatment of severe 
migraine. Whether the exacerbation of headache by MCPP involves its 
agonist or antagonist actions on different serotonin receptors remains to be 
demonstrated. Hopefully the improved specificity of available compounds for 
clinical use will permit these effects increasingly to be sorted out. 

The most consistent and simple unified hypothesis of antidepressant drug 
action involves the mUltiple mechanisms of augmenting the overall 
serotonergic function. This hypothesis remains to be fully tested clinically. 
However, the data in Table 2 provide some support for this idea, since it was 
the longer term treatment with fluvoxamine and desipramine that produced 
the greatest augmentation of prolactin response to infused tryptophan. The 
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more rapid action of lithium in augmenting this type of serotonergic func­
tion could possibly relate to the very rapid improvement in mood seen 
when lithium is added to the ongoing treatment of nonresponding patients 
(Heninger et al. 1983). Thus, the data in Table 2 provide some clinical 
support for the serotonin augmentation hypothesis of antidepressant drug ac­
tion. 

Results regarding neuroendocrine response following MCPP are some­
what conflicting, depending on the route of MCPP administration. The 
pharmacokinetic effects could be a large determinant of this. In addition, 
MCPP has been reported to have a number of other effects besides its stimula­
tion of serotonin S 1 receptors (which may not exist in human brain). Thus, it is 
not clear which receptor subtypes are being stimulated by MCPP. It would be 
important to replicate the studies reported in Table 4, using a more specific 
serotonin SlA receptor agonist such as 8-0HDPAT or possibly gepirone 
(Harto et al. 1988) or ipsapirone. 

The tryptophan depletion studies provide very interesting and provocative 
data relative to the role of serotonergic function in the maintenance of 
antidepressant drug effects. Thus, the original studies with 
parachlorophenylalanine (Shopsin et al. 1976) were never extended with 
published reports. The rapid and large increase in depressive symptoms fol­
lowing the tryptophan-deficient amino acid drink suggest very strongly that 
intact serotonergic function is an essential ingredient in the antidepressant 
response. This, too, would be in support of the augmented serotonergic func­
tion hypothesis of antidepressant treatment. 

There is a great deal of current and very active research directed at the 
neuropharmacology of serotonin receptor systems. A whole additional 
dimension not currently discussed is the receptor-effector coupling and the 
postsynaptic effects of the variety of serotonin receptor subtypes. It has been 
postulated that lithium may act through some of these mechanisms, including 
actions on the cyclic AMP and the phosphotidylinositol cycles (\N orley et al. 
1988). We should be optimistic that through continued research in this area 
much more progress can be made regarding the role of the serotonergic system 
in the mediation of psychotropic drug response and possible abnormalities in 
patients with neuropsychiatric disorders. 
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Theoretical and Practical Implications 
of a Controlled Trial of an a2-Adrenoceptor Antagonist 
in the Treatment of Depression 

S. A. MONTGOMERY 1 

1 Mechanisms of Antidepressant Action 
The simple monoamine deficit hypothesis of depressive illness proposed that a 
disturbance in the serotonin or the noradrenaline neurotransmitter system is 
an important factor in the pathogenesis of depression. It was presumed that 
the activity of tricyclic antidepressants in inhibiting the reuptake of 
monoamines and a consequent increase in monoamines in the synaptic cleft 
would facilitate neurotransmission, and that this was the mechanism mediat­
ing their antidepressant effect. The theory has been of great value in stimulat­
ing research and for more than 20 years has formed the basis for investigations 
into the aetiology of depression and into the development of possible 
antidepressants. While there is agreement that the catecholamines and/or the 
indoleamines are likely to play an important part in the mechanisms underly­
ing depressive illness, there are a number of challenges to the theory and in­
consistencies in the studies (Montgomery et al. 1987). 

The original hypothesis postulated a deficiency in monoamines associated 
with depression (Schildkraut 1965; Bunney and Davis 1965), and research was 
directed towards establishing deficits in depressed patients compared with 
controls. The results from these studies have not led to a consistent pattern of 
deficiency in depressed patients, and both hyperactivity and hypoactivity of 
neurotransmitter systems have been postulated in the aetiology of depression. 
More recent attention has focussed on functional abnormalities in the 
regulatory activity of neurotransmitter systems, and one model (Siever and 
Davis 1985) proposes dysregulation of noradrenaline release as the defect as­
sociated with depression. 

It is possible that in depression there is enhanced presynaptic lX2-
adrenergic receptor activity with decreased noradrenaline release. It has been 
shown in a number of animal studies that chronic administration of tricyclic 
antidepressant drugs produces a reduction in the number of lX2-adrenoceptors 
in the brain. Similar effects have been observed peripherally in depressed 
patients, and these changes have been related by some investigators to 
response to antidepressants (Garcia-Sevilla 1981). It is well established that 
presynaptic lX2-adrenoceptors have an important role in the feedback 
regulatory system of noradrenaline release, and manipulation of these recep­
tors seems a possible area for the search for antidepressant intervention. 
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The most direct challenge to the simple view of amine reuptake blockade 
as the mechanism of antidepressant effect was the development of new atypi­
cal antidepressants which are without clear monoamine uptake inhibiting 
properties. Similarly, not all antidepressants have the same effect on 1X2-

adrenoceptors, and a simple explanation of antidepressant effect is unlikely. It 
is accepted that several interacting neurotransmitter systems are likely to be 
involved in the pathophysiology of depression. It is nevertheless useful to in­
vestigate the effects of changes in particular systems in order to estimate their 
role in depressive illness. 

2 Specific 1X2-Adrenoceptor Antagonists 

The earlier atypical antidepressants such as mianserin did not provide use­
ful pharmacological tools as they were "impure compounds". With 
mianserin, for example, it has not been possible to determine which of its 
pharmacological actions contribute most to the antidepressant effect. One of 
its actions of interest, however, is that it acts as an 1X2 -adrenoceptor 
antagonist. It is possible that its antidepressant effect is mediated by this in­
hibitory activity on the feedback mechanism, which would increase the release 
of noradrenaline. 

The test of the relevance of the theory had to wait for the appearance of 
compounds with selective effects in antagonising 1X2-adrenoceptors, several of 
which are now in development. It these compounds are shown to have 
antidepressant effect, it will be of considerable theoretical interest. 

The first of this series of compounds in development to be tested for 
antidepressant efficacy in the clinic is idazoxan, which has been shown to be a 
potent and selective antagonist for 1X2-adrenoceptors in vitro and in vivo, 
although its selectivity in relation to 1X2 -adrenoceptors is not as clear-cut as 
with later compounds. Radiological binding studies have confirmed the high 
affinity of the drug for 1X2-adrenoceptors in the brain. 

The initial test of this compound was to establish whether it had 
antidepressant efficacy. The appropriate test of this is to compare it with 
reference antidepressants and to reject the compound if there is significantly 
less antidepressant efficacy in a carefully conducted trial. Idazoxan was there­
fore compared in a double-blind trial with amitriptyline in a large group­
comparison multicentre study. This study was not designed to fully assess the 
antidepressant efficacy of the new compound but to answer the question of 
whether it was significantly worse than amitriptyline. If this were the case, it 
would cast doubt on the role of 1X2-adrenoceptors in depression. 

The study was conducted in two parts, using the same protocol, and in­
cluding patients suffering from major depression satisfying the research diag­
nostic criteria of Spitzer et al. (1975) and who remained moderately or severe­
ly depressed following a placebo washout period. The dose of idazoxan was 
20 mg three times per day in the first study and 40 mg three times per day in 
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the second study; the effects were compared to those with 50 mg amitriptyline 
three times per day. In the first study, in 97 patients completing 3 weeks treat­
ment and 88 completing 4 weeks treatment, response to idazoxan was sig­
nificantly worse than that to amitriptyline. This advantage for amitriptyline 
was more apparent in the more severely depressed patients. In the second, 
higher dose study in 65 patients there was no difference in apparent efficacy 
between amitriptyline and idazoxan. A transient advantage for idazoxan in 
the moderately depressed patients seen early in treatment is intriguing in view 
of the theoretical predictions of early onset of action with oc2-antagonists, 
although the numbers in this substratification are too small to be sure of the 
effect. 

3 Conclusion 

The results from this study are of great theoretical interest. The lack of ef­
ficacy of the ~ower doses and the probable efficacy of the higher dose suggest a 
dose-response relationship with oc2-antagonists in the treatment of depression. 
Clearly the numbers in this study are too small to give more than an indication 
of the efficacy of idazoxan, but they are sufficient to pursue this concept 
further. 

The most intriguing feature of this study is the apparent lack of efficacy in 
the group suffering from severe depression, which is evident in both studies. 
This is the first study to reveal a differential response between those with 
moderate and those with severe depression, and this might, if replicated, indi­
cate a separate pathogenesis of severe and moderate depression. The differen­
tial response is normally seen between mild depression, which has not been 
shown reliably to respond to antidepressant treatment (Montgomery 1987), 
and moderate and severe depression, where antidepressant response is 
generally seen to be equal. 

Further full testing of the antidepressant properties of idazoxan is needed. 
These preliminary results should now be tested in a large multicentre placebo­
controlled study. 
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Selective Dopamine D 1 and D2 Receptor Antagonists 

J. HYTTEL 1, J. ARNT 1, and M. VAN DEN BERGIIE 2 

1 Introduction 

The concept of selective dopamine 0 1 and O2 receptor antagonists is rather 
new. Previously, dopamine receptor antagonism was evaluated simply as the 
ability to inhibit dopamine- or dopamine agonist-mediated behaviour or 
biochemical responses. In 1979 Kebabian and Caine introduced the dopamine 
0 1 and O2 receptor concept based on differential linkage to adenylate cyclase. 
At that time receptor binding techniques had already been introduced, and 
more or less selective ligands were available (Iversen 1978). Today, very selec­
tive ligands are used to differentiate the two dopamine receptor populations. 

The selective 0 1 antagonist SCH 23390 (Hyttel 1983) has been labelled 
with tritium and has replaced [3H]cis-(Z)-flupentixol and [3H]piflutixol (Hyt­
tel 1978, 1981, 1982) as the ligand of choice (Billard et al. 1984; Andersen et al. 
1985; Hyttel and Amt 1987). [3H]Spiperone has replaced [3H]haloperidol as 
the ligand of choice for O2 receptor binding studies, although [3H]raclopride 
may be considered a better choice, since the inclusion of a serotonin S2 recep­
tor antagonist in the assay - mandatory for the [3H]spiperone assay - is un­
necessary with [3H]raclopride. 

2 Selectivity of Dopamine Antagonists In Vitro 

The receptor binding affinities of a series of dopamine antagonists listed in 
Table 1 have been obtained in our laboratories using [3H]SCH 23390 and 
[3H]spiperone (Plus mianserin) as ligands for dopamine 0 1 and O2 receptors, 
respectively. For a smaller number of compounds, the profiles of dopamine 
receptor antagonism in vitro and in vivo are shown as pie charts in Fig. 1. 

In fact, only a few selective dopamine 0 1 receptor antagonists have been 
found, e.g. SCH 23390 and the bromine analog SK&F 83566 C, which have 
selectivity ratios (Ki 02/Ki 0 1) of 3100 and 580, respectively. Many neurolep­
tics - including the thioxanthenes (i.e. zuclopenthixol, cis-(Z)-flupentixol, cis-
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Table 1. Effect of Dopamine antagonists on dopamine D 1, Dz and 5-HT z Receptors 

Drug Ki(nM) - in vitro EDso (Ilmol/kg)-
receptor binding studies in vivo behavioural studies 

Dl D2 5-HT2 Dl D2 5-HT2 

Thioxanthenes 
cis(Z)-chiorprothixene 1.5 1.2 0.63 1.8 0.63 0.092 
cis(Z)-flupentixol 0.91 0.36 4.2 0.15 0.032 0.037 
cis(Z)-piflutixol 0.16 0.26 0.63 0.051 0.0062 0.014 
cis(Z)-thiothixene 4.9 0.63 51 > 5.6 0.080 1.0 
Zuc1openthixol 0.45 0.65 1.8 1.3 0.050 0.30 

Phenothiazines 
Chlorpromazine 11 2.6 3.0 8.4 0.97 0.37 
Perphenazine 9.1 1.0 5.0 1.1 0.018 0.32 
Thioridazine 3.4 5.5 8.4 > 49 4.8 6.7 
Trifluoroperazine 3.2 0.57 8.4 > 10 0.040 0.29 
Fluphenazine 0.70 0.49 5.8 2.0 0.010 0.088 

Butyrophenones 
Haloperidol 15 0.84 29 7.0 0.036 0.99 
Spiperone 86 0.067 0.49 > 13 0.039 0.12 

Diphenylbutylpiperidines 
Penfluridol 12 0.60 99 > 2.4 > 4.8 
Pimozide 220 0.11 5.2 > 11 0.27 1.1 

Benzamides 
Clebopride 6200 1.8 150 > 41 0.029 3.9 
Metoc1opramide 11000 82 2800 >230 7.8 36 
Rac10pride 30000 17 7300 > 20 0.17 7.0 
Remoxipride >41000 1300 14000 > 94 0.56 28 
Sulpiride 17000 92 37000 >230 11 >230 
YM08050 4900 0.66 99 > 11 0.019 0.55 
YM09151-2 1200 0.054 26 > 13 0.0041 0.32 

Piperazino-6-7 -6-
tricyclics 
Clothiapine 6.2 2.2 2.3 5.6 0.48 0.26 
Clozapine 53 46 4.1 8.0 3.7 1.1 
FluperJapine 91 150 6.8 22 5.5 2.4 
Loxapine 13 4.6 2.0 3.9 0.16 0.072 
Methiothepin 2.4 0.29 0.36 0.31 0.053 0.024 
Octoclothepin 0.91 0.27 0.30 0.25 0.033 0.016 
PerJapine 120 260 13 > 34 11 7.7 
Zotepine 2.2 1.0 0.58 2.8 0.55 0.14 

Miscellaneous 
( + ) Butac1amol 1.6 1.1 2.4 1.3 0.052 0.46 
Pirenperone 190 9.3 0.32 36 0.40 0.051 
Ritanserin 82 1.3 0.21 > 21 >21 0.078 
Setoperone 230 5.9 0.58 20 0.20 0.090 
SCH23390 0.12 360 7.3 0.0092 >14 1.8 
SK&F83566C 0.37 210 13 0.013 > 3.0 0.81 
Tefludazine 9.5 1.8 1.6 2.2 0.018 0.029 

[3H]-SCH 23390, [3H]-spiperone and [3H]-ketanserine were used as ligands for D 1 , D2 and 5-
HT 2 receptor binding in vitro, respectively. For the in vivo data unilaterally 6-0H-
dopamine-lesioned rat model was used for dopamine Dl and Dz receptors. Rotation was in-
duced by SK&F 38393 or pergolide, respectively. Inhibition of quipazine-induced head 
twitches was used for 5-HT 2 receptors. Drugs were tested after subcutaneous administration. 



Selective Dopamine D 1 and D2 Receptor Antagonists 111 

~D ~~ ~D 
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(Z)-chlorprothixene and teflutixol), some phenothiazines (e.g. fluphenazine) 
and some piperazino-6-7-6-tricyclics (i.e. perlapine, fluperlapine, clozapine, 
clothiapine and octoclothepin) - have similar affinities for dopamine Dl and 
D2 receptors. 

The benzamides, diphenylbutylpiperidines, butyrophenones and some 
phenothiazines have selective affinity for dopamine D2 receptors. The most 
selective are the benzamides, with YM 09151-2 as the most extreme (ratio K; 
DdK; D2 = 21000). The phenothiazines have ratios from 1.4 to 20, the 
butyrophenones from 14 to 1300, the diphenylbutylpiperidines from 20 to 
2000, and the benzamides from> 30 to 21 000. 

The affinities for dopamine Dl receptors, using [3H]SCH 23390 as a 
ligand, correlate closely to those obtained using PH]piflutixol and cis-(Z)­
flupentixol and to data for the inhibition of dopamine-stimulated adenylate 
cyclase. Likewise, the [3H]spiperone binding data closely correlate to those 
obtained using pH]haloperidol (Andersen et al. 1985; Hyttel and Arnt 1987; 
Leysen et al. 1978). 
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3 Behavioural Effects in Animals 

Antipsychotic and behavioural potencies of neuroleptics, including the 
antistereotypic, cataleptogenic and avoidance-inhibitory effects, have been 
known for several years to correlate closely with binding affinities for 
dopamine D2 receptors (Creese et al. 1976; Niemegeers and Janssen 1979; 
Peroutka and Snyder 1980; Seeman 1980; Amt 1982, 1983; Hayashi and 
Tadokoro 1984). Some of the test models are summarized in Table 2, with ap­
proximate potencies shown for a selective dopamine Dl (SCH 23390) and D2 
receptor antagonist (spiperone) and for a mixed DdD2 antagonist (cis-(Z)­
flupentixol or clozapine). The correlation between dopamine Dz receptor af­
finity and behavioural potency, together with the lack of behavioural effects 
of the Dl agonist SK&F 38393, initially led to doubt about the functional sig­
nificance of dopamine Dl receptors. Surprisingly, SCH 23390 had be­
havioural effects almost similar to those of dopamine Dz and DdDz receptor 
antagonists, as shown in the upper part of Table 2. Of particular interest was 
that SCH 23390 and spiperone equally well blocked the effects of Dz agonists 
(pergoIide, quinpirole, RU 24213), regardless of whether stereotypy or cir­
cling was the behavioural response (O'Boyle et al. 1984; Amt 1985). A similar 
profile has been observed with another selective dopamine Dl receptor 

Table 2. Effect of dopamine receptor antagonists (D1 selective, Dz selective and mixed 
D 1/Dz) in various in vivo models of neuroleptic activity 

Model D1 Dz D1/D2 

Normosensitive dopamine receptors 
Inhibition conditioned avoidance, rats S S S 
Catalepsy, rats S S S 
Antistereotypic effects, pergolide (Dz), rats S S S 
Antistereotypic effects, apomorphine (DtfDz), rats S S S 
Circling (6-0H-dopamine) amphetamine, rats S S S 
Circling (hemitransection), apormorphine, rats S S S 
Inhibition of cue, amphetamine (DtfDz), rats S S S 
Inhibition of cue, SK&F 38393 (D 1)' rats S N W 
Inhibition of cue, (- )-NPA (Dz), rats N S S 

Supersensitive dopamine receptors 
Circling (6-0H-dopamine) SK&F 38393 (D1), rats S N S 
Circling (6-0H-dopamine) pergolide (Dz), rats N S S 
Circling (6-0H-dopamine) apomorphine (D1/D2), rats W W S 
Hyperactivity, chronic reserpine, SK&F 38393 (D1), rats S W S 
Hyperactivity, chronic reserpine, pergolide (D2), rats N S S 

Comparison is made between the dopamine Dl receptor antagonist SCH 23390, a dopamine 
D2 receptor antagonist, either spiperone or YM 09151-2, and a DtfDz antagonist, either 
cis (Z)-flupentixol or clozapine. The effect is graduated as strong (S), weak (W) or as no ef­
fect (N). 
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antagoriist, SK&F 83566 C (O'Boyle and Waddington 1984; Molloy and 
Waddington 1985 b; Amt 1985; for review see Clark and White 1987). 

The precise neuronal localization of dopamine Dl and D2 receptor is un­
known, but it must be assumed that they are present at the same or closely 
connected output systems. This does not exclude the presence of separate ef­
ferent systems for specific dopamine Dl or D2 receptor-mediated behaviour, 
e.g. the sniffing and grooming responses induced by SK&F 38393, which were 
blocked by SCH 23390 but not affected by metoclopramide (Molloy and 
Waddington 1984a). Indeed, studies with intracerebral injections of SK&F 
38393, SCH 23390, and ( - )-sulpiride have indicated a similar functional ef­
fect of dopamine Dl and D2 receptor manipulation within the same site (for 
review see Clark and White 1987). 

Water-deprived rats can be trained to discriminate between a dopamine 
Dl agonist (SK&F 38393) and saline or a dopamine D2 agonist (- )-N­
propylnorapomorphine, or (-)-NPA, and saline in a two-lever operant 
chamber (Amt and HytteI1988). Dopamine Dl agonists readily induced the 
SK&F 38393-like stimulus whereas D2 agonists did not. The SK&F 38393 
stimulus was antagonized by SCH 23390, but not by YM 09151-2. Converse­
ly, dopamine D2 agonists induced the (-)-NPA-like stimulus, which was 
readily antagonized by YM 09151-2, while SCH 23390 had no inhibitory ef­
fect. 

In spite of the similar antistereotypic and cataleptogenic activities of 
SCH 23390 and dopamine D2 antagonists, it has been possible to differentiate 
between these compounds in interaction studies with the antimuscarinic com­
pound scopolamine and with diazepam. In mice it was found that the in­
hibitory potencies of dopamine D2 antagonists against methylphenidate­
induced gnawing were markedly reduced by either substance, while the effects 
of mixed dopamine DdD2 antagonists or SCH 23390 were almost unchanged 
(Christensen et al. 1984a). Similar differentiation was obtained in rats by in­
vestigating anti-amphetamine and cataleptogenic activities with or without 
co-administration of scopolamine. The antistereotypic activity was unaltered 
for compounds with high dopamine Dl receptor affinities, and cataleptogenic 
potencies were only moderately reduced. Greater shifts in EDso values were 
obtained with selective dopamine D2 receptor antagonists (Amt and 
Christensen 1981; Christensen et al. 1984a). Obviously, caution is needed in 
the interpretation of such studies, in particular because of the additional 
neuropharmacological properties of dopamine antagonists (Peroutka and 
Snyder 1980; HytteI1983). Still, these results suggest that dopamine D 1 recep­
tor blockade makes the behavioural effects of neuroleptics less sensitive to in­
teraction from other neurotransmitter systems. 

The original article on SK&F 38393 (Seder et al. 1978 a) reported that a 
contralateral circling behaviour, with efficacy similar to that of apomorphine, 
was induced by SK&F 38393 in rats with unilateral 6-0H-dopamine lesions. 
The same authors also showed high efficacy of SK&F 38393 after intrastriatal 
injection (Seder et al. 1978 b; see also Gower and Marriott 1982). The latter 
authors noted that dopamine antagonists inhibited SK&F 38393-induced cir-
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cling with a rank order of potencies which was significantly different from 
the rank order obtained by use of either apomorphine or dipropyl-5,6-
ADTN as the agonist for circling behaviour. Haloperidol and pimozide 
were ineffective only against SK&F 38393-inducing circling. With the 
recent availability of a selective dopamine Dl receptor antagonist 
(SCH 23390) and also of selective dopamine D2 receptor agonists, it has been 
possible to characterize further the structure-activity relations of antagonistic 
effects at denervated dopamine receptors. Using the circling behaviour in­
duced by SK&F 38393, pergolide, quinpirole, and apomorphine as test 
models, a range of antagonists have been studied, as shown in Table 1 against 
the behavioural effects of SK&F 38393 and pergolide. SCH 23390 was a very 
potent antagonist of SK&F 38393-induced circling whereas it was ineffective 
as an inhibitor of pergolide- or quinpirole-induced circling (Amt and Hyttel 
1984,1985,1986). 

In contrast, selective dopamine D2 receptor antagonists were potent in­
hibitors of pergolide- or quinpirole-induced circling but were at least 500-fold 
weaker in inhibiting SK&F 38393-induced circling (Amt and Hyttel 1984, 
1985, 1.986). The apomorphine-induced rotations were partially antagonized 
by dopamine Dl and D2 antagonists (Coward 1983; Herrera-Marschitz and 
Ungerstedt 1984; Amt and Hyttel 1985). Thioxanthenes having mixed 
dopamine Dl/D2 receptor blocking activity, or a combination of SCH 23390 
with clebopride or spiperone, showed dose-dependent blockade against all the 
above-mentioned agonists (Table 2; Amt and Hyttel 1984, 1985; Herrera­
Marschitz and Ungerstedt 1984). These results indicate that circling be­
haviour can be induced at separate Dl and D2 receptor sites. 

As shown in Fig. 2 the in vivo data obtained using the 6-0H-dopamine le­
sioned rat model, where the rotation is mediated either via Dl receptors (with 
SK&F 38393) or via D2 receptors (with pergolide), in many respects resemble 
the in vitro data (Table 1, Fig. 1). SCH 23390 and SK&F 83566 C are selective 
antagonists at dopamine Dl receptors. At the other extreme of the spectrum, 
YM 09151-2 is found to be a selective antagonist at dopamine D2 receptors. 

One interesting example of divergence is fluphenazine, which is a highly 
selective antagonist of dopamine D2 receptors in vivo but much less so in 
vitro. Using receptor binding techniques ([3H]SCH 23390 and [3H]raclopride) 
in vivo and in vitro, Andersen (1988) found that compounds exhibiting 
dopamine Dl/D2 receptor selectivity in vitro retain this selectivity in vivo. In 
other words, the in vitro and in vivo data for both [3H]SCH 23390 and 
[3H]raclopride correlate closely. Interestingly, Andersen (1988) found that 
fluperlapine and fluphenazine were nonselective in vitro but were Dl and D2 
selective, respectively, in vivo. However, the difference was not as great as 
reported here for fluphenazine. Furthermore, rats were used for in vitro and 
mice for in vivo experiments. 

The general impression from Fig. 1 is that the selectivity ratio obtained in 
vitro is retained or changed in favour ofD2 selectivity when tested in vivo. The 
most outstanding examples are fluphenazine, thioridazine, zuclopenthixol 
and (+ )-butaclamol. The apparent D2 selectivity in vivo of, for example, 



Selective Dopamine Dl and D2 Receptor Antagonists 115 

o 
> .;; 

. = 
N 

o 
"-
cl 

10000 -y-----------------,-"., 
ll./i 

1000 ll./. i 

100 f:.~·t 
10 ... 

0.1 

0.01 

0.001 • v 

• v 

• Lr· • 

0.0001 -t---r--r--r---.r----r--.,.--,---,----I 
0.001 0.01 0.1 10 100 1000 10000 

0,/02 in vitro 

Fig. 2. Relationship of in vitro and in vivo data on the selectivity of antagonists to dopamine 
Dl and D2 receptors. Values from Table 1 are shown. Abscissa. ratio of Kj-values; ordinate. 
ratio of ED so values. Symbols with arrowhead. values for which one of the EDso values was 
not attained, i.e. EDso values smaller or greater than the values given in Table 1. Pearson's 
product-moment correlation coefficient is 0.865; omitting values with arrowhead the correla­
tion coefficient in 0.587, whereas the coefficient for the arrowhead values is 0.953 

zuclopenthixol should be born in mind if this compound is used (in animal ex­
periments or in the clinic) to reveal the influence of dopamine Dl and D2 
receptors in different aspects of behaviour, biochemistry, etc. 

The importance of relative dopamine Dl and D2 receptor affinities for the 
development of tolerance to methylphenidate-inhibitory effects of dopamine 
antagonists, has been studied in mice after daily administration of the same 
dopamine antagonist (homologous tolerance) or another one (cross­
tolerance). In this species, tolerance phenomena are readily observed 
(Christensen and Meller Nielsen 1980; Christensen et al. 1984b, c). Ad­
ministration of selective dopamine D2 receptor antagonists for 12 days led to 
marked homologous tolerance in the withdrawal phase, i.e. increase of EDso 
values on the order of 25-50 times. Mixed dopamine DdD2 receptor 
antagonists induced less homologous tolerance and also less cross-tolerance to 
12 days of treatment with dopamine D2 receptor antagonists. SCH 23390, ad­
ministered twice daily, did not induce such tolerance (Christensen et al. 
1984 b, c). Furthermore, concomitant treatment with SCH 23390 and 
haloperidol for 12 days prevented the marked tolerance development ob­
served with haloperidol alone (Christensen et al. 1985). Zuclopenthixol also 
had the ability to prevent haloperidol-induced tolerance during 12 days of 
combined treatment. These results indicate an effect of dopamine Dl receptor 
antagonism against tolerance development at dopamine D2 receptors. 

However, it should be noted that a similarly clear differentiation between 
the long-term effects of mixed dopamine DdD2 and selective dopamine D2 
receptor antagonists in rats has not been shown so far (Waddington and 
Gamble 1980; Waddington et al. 1981; Fleminger et al. 1983). 
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Studies by Rosengarten et al. (1983, 1986) indicate that SK&F 38393 in­
duces a characteristic pattern of repetitious opening and closing of the mouth 
and clonic jaw movements. This effect is also seen after blockade of O2 recep­
tors (e.g. with sulpiride, spiperone), whereas blockade of dopamine 0 1 recep­
tors by SCH 23390 antagonizes the perioral movements. The likelihood that 
dopamine 0 1 receptors are involved in this phenomenon is strengthened by 
studies in which selective loss of either dopamine 0 1 or O2 receptors is in­
duced by N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) (Arnt et 
al. 1988 a). When the density of O2 receptors is lowered to 25%, an increased 
frequency of perioral movements is seen. This effect is further increased by 
treatment with the dopamine 0 1 receptor agonist SK&F 38393. Should these 
perioral movements in any way be related to tardive dyskinesia, one might ex­
pect neuroleptics with potent dopamine 0 1 receptor-blocking properties to 
have a better chance of alleviating these symptoms than neuroleptics inhibit­
ing solely dopamine D2 receptors. 

It has been suggested that inhibition of the spontaneous activity of the 
dopamine neurons in substantia nigra observed after chronic tretment with 
neuroleptics should account for the development of extrapyramidal side ef­
fects, while inhibition of the activity in the ventral tegmental area should indi­
cate the antipsychotic potential of a compound (Bunney 1984). After treat­
ment for 21 days with SCH 23390, the number of spontaneously active 
neurons in substantia nigra and the ventral tegmental area decreased to the 
same level. A similar result was seen after treatment with haloperidol for the 
same period of time (Skarsfeldt 1988). Apparently, the differentiation of 
antipsychotic effect and side effect potential is coupled neither to dopamine 
D1 nor to dopamine D2 receptor blockade. 

4 Effects of Dopamine Antagonists on Other Receptors 

Selectivity ofneuroleptics is usually referred to as the dopamine Od02 recep­
tor selectivity, as described above. However, the drugs can be regarded as 
selective only when other effects are negligible as compared to their dopamine 
0 1 or D2 receptor effect. In this respect only a few neuroleptics can be 
regarded as selective (Hyttel et al. 1985). Focus has mostly been on serotonin 
S2 receptors, (l(1-adrenoceptors, muscarinic acetylcholine receptors and 
histamine H1 receptors. 

Of special interest is the effect on serotonin S2 receptors, since the recent 
development of neuroleptics has led to compounds with high affinity for these 
receptors, e.g. ritanserin, setoperone and tefludazine (Svendsen et al. 1986; 
Leysen et al. 1987). The affinity ofneuroleptics for serotonin S2 receptors, as 
measured in vitro with [3H]ketanserin as a ligand, is shown in Table 1 and as 
pie charts in Fig. 3. 

Induction of head twitches is a characteristic behavioural response to 
serotonin S2 receptor stimulation in rats and can be induced by, for example, 
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1-5-hydrotryptophan, mescaline or quipazine (Niemegeers et al. 1983; Arnt et 
al. 1984, 1989). Antagonist studies indicate that serotonin S2 receptor 
antagonists inhibit head twitches with high potencies, although 1X 1-

adrenoceptor inhibition may also contribute to this inhibition, whereas 
dopamine antagonism is of less importance (Niemegeers et al. 1983; Arnt et al. 
1984,1989). 

The effect of neuroleptics on quipazine-induced head twitches is shown in 
Table 1 and in pie charts in Fig.3. For butyrophenones, benzamides and 
SCH 23390 the serotonin S2 component is of minor importance (Fig. 3). For 
other compounds the serotonin S2 component is most important. Setoperone 
is an example of this. For clozapine, fluperIapine, methiothepin, cis-(Z)­
chlorprothixene and chlorpromazine the serotonin S2 receptor blockade 
dominates. 

With these receptor profiles in mind the number of selective dopamine D 1 

and D2 receptor antagonists is dramatically decreased. As judged from Fig. 3, 
only haloperidol and the benzamides can be regarded as dopamine D2 recep­
tor selective both in vitro and in vivo, whereas only SCH 23390 (and from 
Table 1 also SK&F 83566C) can be regarded as dopamine Dl receptor selec­
tive compounds. 
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5 Clinical Significance of Selectivity 

The pharmacological tolerance of a neuroleptic can be assessed either as an in­
crease in the daily dose necessary for maintaining the clinical efficacy or as a 
decrease in the therapeutic effect using a repeated fIxed dose. 

In order to assess the clinical relevance of the pharmacological charac­
teristics specifIc for thioxanthene neuroleptics (mixed dopamine Dl/D2 recep­
tor antagonists; lack of tolerance development), data from double-blind clini­
cal trials in which thioxanthenes were compared with butyrophenones and 
phenothiazines have been analysed. 

In a double-blind study by Kuny and Woggon (1984), zuc1openthixol was 
compared to haloperidol in patients with acute symptoms of schizophrenia, 
treated for 20 days. In this study, the dose increase at day 20 compared to the 
starting dose at day 1 was 100% for haloperidol and 60% for zuc1openthixol. 
The antipsychotic effect, measured at different occasions during the trial 
period with the AMP rating scale system, was similar for both neuroleptics. A 
similar difference in dose increase was observed in a double-blind trial by 
Heikkila et al. (1981) comparing zuc1openthixol with haloperidol in the treat­
ment of chronic schizophrenic patients. At the end of the 12-week treatment 
period, the Brief Psychiatric Rating Scale (BPRS) total score showed an al­
most equal therapeutic effect for both drugs. However, the relative increase in 
mean daily dose was 42% of the starting dose for haloperidol and 11 % for 
zuc1openthixol. In these two double-blind studies it was demonstrated that in 
order to achieve a similar therapeutic effect, the relative dose increase needed 
was signifIcantly higher for haloperidol than for zuc1openthixol. This could be 
related to the above mentioned selectivity of zuc1openthixol and haloperidol 
for dopamine Dl and D2 receptors. 

In another double-blind controlled study by Wistedt et al. (1984), 
flupentixol decanoate was compared with fluphenazine decanoate during 2 
years of treatment in schizophrenic patients. It was shown that during the fIrst 
48 weeks of treatment, similar and stable therapeutic results were obtained 
with both depot medications. In the following period of 52 weeks patients 
were kept on a fIxed effective dose. At the end of this period, the groups were 
signifIcantly different, with flupentixol decanoate showing the greatest 
decrease in Comprehensive Psychopathological Rating Scale (CPRS) scores. 
This trial also demonstrated that at a fIxed maintenance dose the therapeutic 
effect of flupentixol decanoate is stable while the efficacy of fluphenazine 
decanoate decreased with time and showed a pharmacological tolerance 
phenomenon. 

6 Tardive Dyskinesia 

The clinical pharmacology of tardive dyskinesia indicates that postsynaptic 
dopamine receptor supersensitivity, induced by long-term neuroleptic treat­
ment, is one of the mechanisms involved in this serious extrapyramidal move-
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ment disorder. A large amount of evidence supports this concept. In agree­
ment with this it was shown that the greater the dopamine receptor blockade, 
the greater is the dopamine receptor supersensitivity (Christensen et al. 1976). 
It has been shown that increasing the dose ofthe offending neuroleptic or ad­
ministrating a more powerful neuroleptic temporarily suppresses tardive dys­
kinesia (Jenner and Marsden 1987). 

In most studies, neuroleptics induce parkinsonism together with suppres­
sion of the tardive dyskinesia (Claveria et al. 1975; Gerlach and Simmelsgaard 
1978; Pollak et al. 1985). The potential of neuroleptic drugs to induce tardive 
dyskinesia may be measured as the relative tardive dyskinesia aggravation 
seen after withdrawal of the neuroleptic drug (Gerlach and Simmelsgaard 
1978). 

This model for rebound-aggravation of tardive dyskinesia has recently 
been tested in patients with diagnosed tardive dyskinesia. During a double­
blind cross-over study, patients received treatment with chlorprothixene, 
haloperidol or perphenazine (Nordic Dyskinesia Study Group 1986). The 
analysis of the overall results, expressed as a percentage of the number of ag­
gravations, 'no change or improvements during the withdrawal periods after 
chlorprothixene, haloperidol and perphenazine treatments, showed a 
tendency (p<O.1) in favour of chlorprothixene, implying the lowest risk of 
eliciting tardive dyskinesia in the long run. 

Studies of positron emission tomography scans (Parde 1987) indicate that 
the occupancy of dopamine 0 1 receptors is considerably lower than the O 2 

receptor occupancy in patients treated with thioxanthenes. This is in full ac­
cordance with the in vivo receptor binding profile of these drugs. Thus a suffi­
ciently high blockade of dopamine D1 receptors may not have been achieved 
under clinical conditions. It may very well turn out that a higher proportion of 
dopamine 0 1 receptor blockade may be more advantageous than that ob­
tained with the thioxanthene neuroleptics. Hopefully such drugs may be 
developed and tested clinically. 
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Animal Pharmacology ofRaclopride, 
a Selective Dopamine D2 Antagonist 

H. HALL, S. O. OGREN, C. KOHLER, and O. MAGNUSSON 1 

1 Introduction 

The substituted benzamides constitute a group of substances which have been 
shown to be selective dopamine D2 antagonists (Jenner and Marsden 1981), a 
property suggested to be associated with antipsychotic effects (Seeman 1980). 
Sulpiride and remoxipride are two typical compounds belonging to this 
group. In the present paper we present some pharmacological properties of 
raclopride . (Fig. 1), a substituted benzamide structurally related to 
remoxipride, but with higher potency than that of sulpiride or remoxipride. 

Fig. I. structural formula of raclopride, 
S-( - )-3,5-dichloro-N-(1-ethyl-2-
pyrrolidinyl)methyl-6-methoxy-salicylamide. The 
chemistry of raclopride is described by de Paulis et al. 
(1986) 

2 Receptor Studies 

Raclopride inhibits in vitro [3H]spiperone binding to rat striatum with an 
ICso value of 32 nM (Hall et al. 1986; K;,=7.5 oM, Hall and Wedel 1986), 
while it is practically devoid of affinity for other receptors studied, including 
the dopamine D 1 receptor (Hall et al. 1986; Fig. 2). Using 3H raclopride or 3H 
sulpiride as radioligands, the affinity of raclopride is markedly higher than 
that seen with [3H]spiperone (Ki = 1-2 nM, Hall and Wedel 1986). Raclopride 
has also been shown to bind to the dopamine D2 receptors of human basal 
ganglia with a Ki value of approximately 1 nM (Hall et al. 1988; Table 1). Of 
the two isomeric forms, only the S-( - )-enantiomer (i.e. raclopride) is an ac­
tive dopamine antagonist, while the R-( + )-enantiomer (FLB 472) is virtually 
inactive (Farde et al. 1988). 
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Fig.2. Receptor affinities of raclopride, sulpiride, haloperidol and chlorpromazine for a 
number of rat brain receptors as determined with in vitro receptorbinding techniques. The 
proportion of the total affinity (expressed in 11Ki) for each receptortype is indicated. Data 
are obtained from Hall et al. (1986; Ki values recalculated from the ICso values) and un­
published results. The following radioligands were used: dopamine D1, [3H]flupenthixol; 
dopamine D2, [3H]raclopride; muscarinic cholinergic, [3H]QNB; Q(cadrenergic, 
[3H]WB41 01; Q(radrenergic, [3H]p-aminoclonidine; p-adrenergic, [3H]dihydroalprenolol; 
histamine H1, [3H]pyrilamine; 5-HT l' [3H]5-HT; 5-HT 2, [3H]spiperone 

Table 1. Effects of raclopride on dopamine receptors in the brain as studied with in vitro 
receptor-binding assays and on dopamine-stimulated adenylate cyclase 

Receptor Human dopamine D1 Human dopamine D2 Rat adenylate 
radioligand [3H]SCH 23390 [3H]raclopride cyclase 
Compound Ki(nM) Ki(nM) ICso (nM) 

Thioridazine 98.9 (79.9-130) 8.39 (6.90-10.7) 260 
Chlorpromazine 158 (144-175) 4.04 (3.46-4.86) 390 
Haloperidol 128 (103-168) 0.74 (0.60-0.98) 340 
d-Sulpiride 47300 (40200-57500) 253 (205-330) 
l-Sulpiride >50000 9.44 (8.53-10.6) > 100000' 
Raclopride >50000 0.99 (0.83-1.23) > 100000 

Two or more binding experiments were performed with each compound, and the data were 
pooled and analysed together. Mean ± standard error range of the estimates (in parenthesis) 
as determined using the nonlinear iterative program Ligand (Munson and Rodbard 1980) 
are presented. The amount of cyclic AMP formed after 5 min incubation with ATP (2.5 I!M) 
and dopamine (10 I!M) in the presence of various concentrations of the compounds was used 
as a measure of activity of dopamine stimulated adenylate cyclase . 
• Racemic form of sulpiride used in the assay of adenylate cyclase. 
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The'marked selectivity ofraclopride for the dopamine D2 receptor has led 
to the use of [3H]raclopride in receptor binding assays in vitro (Kohler et al. 
1985; Hall et al. 1986). Raclopride enters the brain rapidly, in contrast to, for 
example, sulpiride, and radio labelled raclopride has thus also been shown to 
be suitable for receptor binding studies in vivo (Kohler et al. 1985; Kohler and 
Radesater 1986), for autoradiography (Kohler and Radesater 1986) and for 
positron-emission tomography (PET) studies (Farde et al. 1985, 1986). These 
studies show a distinct localization of raclopride in the basal ganglia, with 
very little accumulation in extrastriatal brain areas. 

3 Studies on Monoamines and Monoamine Metabolites 

Acute oral treatment of rats with raclopride produces large dose-dependent 
increases in the turnover of dopamine in the striatum and limbic system, as 

Treatment: Acute 2 Mth Acute 8 Mth 94 Days 141 Days 199 Days 

60 

o It) ~ ~ Raclopride 
(I1mollkg p.o.) 

100 

o It) ~ ~ Raclopride 
(~mollkg p.o.) 

Fig.3. Effects of acute and chronic treatment with raclopride on the concentrations of 
dopamine, DOPAC and HVA in rat striatum. The rats were sacrificed 2 h after in­
traperitoneal administration. Acute 2 mth, acute 8 mth, acute treatment in 2-month-old and 
8-month-old rats. Values are given as means ± SEM of the concentrations for six to ten 
animals in each treatment group, expressed as picomoles per milligram wet weight. Mean 
values for the treatment groups are also expressed as percentage of the respective mean con­
trol values. Significance was calculated in terms of the Student-Newman-Keul multiple range 
test; *,p<0.05; **,p <0.01. (From Fowleret aL 1987) 
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seen by increases in the concentrations of dihydroxyphenyl acetic acid 
(DOPAC) and homovani1lic acid (HV A; effects in striatal tissue shown in 
Fig. 3; Ogren et al. 1986; Fowler et al. 1987). Increased turnover of dopamine 
in the striatum and limbic system, measured 2 h after the final administration, 
has also been found after repeated oral treatment with rac10pride (Fowler et 
al. 1987). However, after treatment for 3 months or longer, tolerance to the ef­
fects on the turnover of dopamine in the striatum and limbic system was ob­
tained after large (45 and 135 JIDlol/kg) doses of rac1opride. Repeated ad­
ministration of the lower doses (5 and 15 JIDlol/kg) of rac10pride resulted in 
relatively little tolerance for the turnover of dopamine. 

The effect of rac10pride on dopamine autoreceptors in striatal and limbic 
regions have been studied by use of the y-butyrolactone model of Walters and 
Roth (1976). The results suggest that rac10pride is able to act as an antagonist 
of dopaminergic autoreceptors coupled to dopamine synthesis (Magnusson et 
al.1988). 

Rac10pride appears to produce only minor, if any, changes in the levels of 
noradrenaline, 5-hydroxytryptamine (5-HT) and the 5-HT metabolite 5-
hydroxyindole acetic acid (5-HIAA)(Ogren et al. 1986; Fowler et al. 1987). 

4 Behavioural Studies 

In behavioural studies in the rat, rac10pride discriminates between the motor 
behaviours induced by the dopamine agonist apomorphine (Ogren et al. 1986; 
Table 2, Fig. 4). Thus, unlike haloperidol, rac10pride blocked the 
apomorphine-induced hyperactivity at considerably lower doses (EDso = 
0.13 JIDlol/kg i.p.) than those inhibiting oral stereotypics (EDso = 
1.70 JIDlol/kg i.p.). Moreover, rac10pride induces catalepsy only at very high 
doses (EDso = 27 JIDlol/kg i.p.; Table 2, Fig.4). Since it has been suggested 

Table 2. Potencies of raclopride, haloperidol and sulpiride in antagonizing apomorphine­
induced hyperactivity and stereotypies and in inducing cataleptic behaviour in the male rat 
(ED so, Jl.ID.olJkg Lp.) 

Blockade of apomorphine induced Induction of catalepsy 

Stereotypies Hyperactivity Bar test Vertical grid 

Raclopride 1.70 (1.58-1.91) 0.13 (0.13-0.14) 27(20-47) 28 (17-950) 
Haloperidol 0.27 (0.26-0.29) 0.29 (0.27-0.35) 1.60 (1.13-2.32) 0.89 (0.70-1.25) 
Sulpiride 212 (198-238) 65.6 (62.6-68.5) >590 385 (280-1520) 

The EDso values (90% confidence limits in parentheses) refer to the calculated dose, which 
reduces the intensity of stereotypies by 50% over the observation period of 60 min compared 
to apomorphine controls, and which reduces the number of animals displaying hyperacitivity 
by 50%. In both models, catalepsy was defined as an inability of the rat to remove itself from 
the awkward position within 60 s. ED 50 refers to the dose at which 50% of the rats displayed 
catalepsy. The EDso values were calculated by probit analysis. 
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that apomorphine-induced stimulation of hyperactivity and stereotypies are 
due to stimulation of dopamine receptors in limbic and striatal systems, 
respectively (Costall et al. 1977), this may reflect a different functional effect 
on different systems in the brain. Moreover, there is a separation between 
apomorphine-induced stereotypies and induction of catalepsy, both suggested 
to be mediated through striatal dopaminergic systems. The reason for this 
separation, as well as its relevance for the clinical effects, remains to be 
elucidated. However, the separation between the doses mediating these be­
havioural parameters is hypothesized to indicate a separation between doses 
exerting antipsychotic effects and doses inducing extrapyramidal symptoms. 
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Fig.4. Potencies of raclopride, haloperidol and sulpiride in antagonizing apomorphine­
induced hyperactivity and stereotypies and in inducing cataleptic behaviour in the male rat. 
The compounds were injected intraperitoneally 60 min prior to apomorphine injection 
(1 mg/kg subcutaneously). The results on catalepsy are based on the peak-time effect of each 
compound in the bar test. Results are the means from eight rats in each group, in percentage 
of controls. (From Ogren et al. 1986). 
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Fig. 5. Effects of rac10pride on avoidance behav­
iour, avoidance latency and intertrial crosses. The 
results are based on eight animals per dose, and the 
animals were tested 10 min before and 30 min and 
4 h after drug administration. Results are presented 
as medians, and the statistical analyses were perfor­
med by means of Friedman's two-way ANOV A, 
followed by Wilcoxon matched-pairs summed­
ranks test for individual comparisons with saline­
treated controls; n.s.,p>0.05; *,p<0.05; **, 
p < 0.02; * * *, p < 0.001. (From Hillegaart and 
Ahlenius 1987) 

The effects of raclopride on the conditioned avoidance response have also 
been studied (Hillegaart and Ahlenius 1987). Raclopride showed a dose­
dependent suppression of the avoidance responses with a significant effect at 
0.5-2.0 mg/kg intraperitoneally (approximately 2-8 Jlmol/kg; Fig. 5). The 
avoidance latency was also increased, and the intertrial crosses were 
decreased. The interpretation of these effects on conditioned avoidance 
responses is unclear. Although this model has been regarded as predictive of 
antipsychotic efficacy, it may also reflect the propensity of the compound to 
induce side effects. 
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5 Conclusions 

The results obtained with raclopride in animal pharmacodynamic studies 
show that this compound is a potent and selective antagonist of dopamine D2 
receptors in vitro as well as in vivo. The separation between different func­
tional effects seen in the behavioural studies indicate that the compound may 
have an advantageous clinical profile. 
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Benzodiazepine Receptor Subtypes 
and Their Possible Clinical Significance 

w. SIEGHART 1 

1 Properties of the GABA-Benzodiazepine Receptors 

Benzodiazepines such as diazepam, flunitrazepam or bromazepam belong to 
the most widely prescribed drugs in current therapeutic use because of their 
anxiolytic, anticonvulsant, muscle-relaxant and hypnotic effects. A large 
number of electrophysiological investigations indicate that benzodiazepines 
enhance the actions of y-aminobutyric acid (GABA) on its receptor (Haefely 
et al. 1981). GABA is the quantitatively most important inhibitory 
neurotransmitter in the mammalian eNS. Approximately 30% of all synapses 
in the brain are estimated to be GABAergic. Since this GABA-enhancing ef­
fect was found in many different physiological systems, it is now generally as­
sumed that benzodiazepines produce most of their actions by modulating the 
GABAergic system (Tallman et al. 1980). 

Biochemical investigations have indicated that there are high-affinity 
binding sites for benzodiazepines in brain membranes (Braestrup and Squires 
1977; Mohler and Okada 1977). These binding sites exhibit many properties 
that one would expect from a pharmacological receptor for these compounds. 
Thus, binding of radiolabelled benzodiazepines to brain membranes occurred 
rapidly at nanomolar concentrations, was reversible, stereospecific and 
saturable, and there was an excellent correlation between the clinical potency 
of a series of benzodiazepines and their ability to displace [3H]diazepam or 
[3H]flunitrazepam from their high-affinity binding sites. In addition, a close 
association of these binding sites with the GABAA receptor, a chloride ion 
channel and several different drug binding sites has been demonstrated (Olsen 
1982). Since these benzodiazepine binding sites have been found in the central 
nervous system of all vertebrates investigated (Braestrup and Nielsen 1983), 
and since most actions of the classical benzodiazepines seem to be centrally 
mediated (Haefely et al. 1981), it is now generally assumed that these specific 
high-affinity binding sites for pH]flunitrazepam are the physiological recep­
tors by which benzodiazepines exert their pharmacologically and clinically 
relevant actions. 

Thus, combining electrophysiological and biochf<mical evidence, ben­
zodiazepine receptors are allosteric modulatory sites on the GABAA receptor 
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gated chloride ion channel. In recent years it has been demonstrated that, sur­
prisingly, two exactly opposite effects could be mediated by these ben­
zodiazepine receptors. Certain ligands for these receptors, the classical ben­
zodiazepines and some newer non-benzodiazepine compounds (ben­
zodiazepine receptor agonists) enhance GABA-induced chloride ion flux 
across cell membranes and exhibit anticonvulsant, anxiolytic, muscle-relaxant 
and sedative properties (Haefely and Pole 1986). However, other ligands of 
the benzodiazepine receptors (inverse benzodiazepine receptor agonists) were 
found which reduce GABA-induced chloride ion flux across cell membranes 
and exhibit proconvulsant or convulsant, anxiogenic, vigilance and muscle 
tone increasing effects. The first compounds discovered which act in this way 
were esters of /:1-carboline-3-carboxylic acid, but similar properties were sub­
sequently found in other classes of chemicals, including benzodiazepines 
(Haefely et al. 1985). Finally, a third group of compounds was identified 
which bound with high affinity to benzodiazepine receptors without produc­
ing relevant pharmacological effects by themselves. However, these com­
pounds highly specifically blocked the effects of benzodiazepine receptor 
agonist,s and of inverse benzodiazepine receptor agonists (Haefely et al. 1985). 
These benzodiazepine receptor antagonists exhibited no or only minimal 
modulatory effect on the GABA-induced chloride ion flux. Benzodiazepine 
receptor antagonists, again, occur in several chemical classes, e.g. /:1-
carbolines, pyrazolopyridazines and imidazo benzodiazepines. 

2 Other Benzodiazepine Binding Sites 
and Their Possible Clinical Significance 

In addition to these "central" benzodiazepine receptors, two other types of 
benzodiazepine binding sites have been identified. The "peripheral" ben­
zodiazepine binding sites exhibit a high affinity for some benzodiazepines and 
are present in liver, kidney and other peripheral tissues (Braestrup and Squires 
1977) as well as in brain (Schoemaker et al. 1981). The "micromolar" ben­
zodiazepine binding sites so far have been found in brain tissue only and ex­
hibit a rather low affinity for benzodiazepines (Bowling and de Lorenzo 
1982). These two types of binding sites are not associated with GABA recep­
tors and differ from central benzodiazepine receptors in their binding 
properties, kinetics and pharmacological characteristics. Since there is no sig­
nificant correlation between the clinical potency of benzodiazepines and their 
affinity for the peripheral or micromolar benzodiazepine binding sites, the 
physiological significance of these sites is presently not known. However, mi­
cromolar (Johansen et al. 1985) as well as peripheral benzodiazepine binding 
sites (Mestre et al. 1986) seem to interact with voltage-sensitive Ca2+ chan­
nels. In addition, peripheral binding sites have been implicated in mediating 
the direct neuromuscular effects of benzodiazepines (Wilkinson et al. 1982) 
which are clinically used in anaesthesia, in modulating the proliferation or dif-
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ferentiation of various cells (Morgan et al. 1985) and in modulating the 
humoral immune response (Zavala et al. 1984). Further investigation of these 
various actions could possibly lead to an application of peripheral ben­
zodiazepine receptor ligands or drugs derived from them in the treatment of 
cardiovascular diseases, immune diseases and tumours. The use of peripheral 
benzodiazepine receptor ligands labelled with positron- or y-emitting isotopes 
for imaging of human primary central nervous system tumours was recently 
suggested due to the presence of high concentrations of peripheral receptors 
on these tumours (Starosta-Rubinstein et al. 1987). 

3 Subtypes of GABA-Benzodiazepine Receptors 
and Their Possible Clinical Significance 

3.1 Evidence for Heterogeneity of GABA-Benzodiazepine Receptors 
from Reversible Binding Studies 

Originally, it was assumed that there is only one type of the central high­
affinity benzodiazepine receptor in the brain. Recently, however, several com­
pounds with distinct chemical structures have been identified which seem dif­
ferentially to interact with benzodiazepine receptors in various brain regions. 
Thus, the triazolopyridazine CI 218872 (Klepner et al. 1979), some esters of p­
carboline-3-carboxylate (Braestrup and Nielsen 1983), and some new ben­
zodiazepines such as quazepam, SCH 15725 and cinolazepam (Iorio et al. 
1984; Sieghart and Schuster 1984) have been shown to have affinity that is 
several times higher for benzodiazepine receptors in cerebellum than for those 
in hippocampus and other brain regions. Results from studies on the displace­
ment of [3H]flunitrazepam binding by these compounds indicated 
homogeneity and heterogeneity of benzodiazepine binding sites in cerebellum 
and hippocampus, respectively. Furthermore, these compounds not only in 
vitro at 0 DC or 37 DC (Gee and Yamamura 1982; Eichinger and Sieghart 1984) 
but also in vivo had a different affinity for benzodiazepine receptors in 
cerebellum and hippocampus (Lippa et al. 1982; Maziere et al. 1985). These 
results led to the hypothesis that in cerebellum a benzodiazepine receptor sub­
type (type I receptor, BZ1 receptor) is enriched which exhibits a high affinity 
for C1218872 or the various selective benzodiazepines. In addition, it was con­
cluded that at least one other benzodiazepine receptor subtype, a type II 
receptor (BZ2 receptor) must exist which exhibits a low affinity for the above­
mentioned compounds and is enriched in hippocampal membranes (Klepner 
et al. 1979). Other experiments suggested that both the BZ 1 and BZ2 receptors 
are coupled to GABA and anion recognition sites (Stapleton et al. 1982). 

3.2 Molecular Heterogeneity of GABA-Benzodiazepine Receptors 

These data from reversible binding experiments are supported and supple­
mented by results from irreversible binding studies. [3H]Flunitrazepam on ir­
radiation with ultraviolet light has been shown irreversibly to bind to a mem-
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brane protein with an apparent molecular weight of 51 000 (P 51) in all brain 
regions investigated (Sieghart and Karobath 1980). Whereas in cerebellum 
only P 51 was significantly labelled, in hippocampus and several other brain 
regions this compound irreversibly bound to several other proteins with ap­
parent molecular weights of 51 000 (P 51),53000 (P 53),55000 (P 55) and 59000 
(P 59) (Sieghart and Karobath 1980; Lippa et al. 1982). All these proteins, 
specifically and irreversibly labelled by [3H]flunitrazepam, seem to be as­
sociated with the central GABA receptor associated type of benzodiazepine 
receptors, since irreversible binding to these proteins was abolished by 
diazepam, was stimulated by GABA and was unaffected by the peripheral 
benzodiazepine receptor ligand Ro 5-4864 (Sieghart and Karobath 1980). 
Since in cerebellum BZ1 receptors were most highly enriched, and only one 
protein (P51) was significantly labelled by [3H]flunitrazepam, and since labell­
ing ofP 51 by [3H]flunitrazepam was inhibited with higher potency by the BZ1-
selective ligands CI 218872 or SCH 15725 than that of the other photo labelled 
proteins, P51 seems to be associated with BZ1 receptors (Sieghart et al. 1983). 
The different and distinct regional distribution of the other photolabelled 
proteins and the differential interaction of the BZ1 receptor selective com­
pounds' with [3H]flunitrazepam binding to the individual proteins (Sieghart et 
al. 1983) seem to indicate that proteins P53, P55 and P59 are associated with 
separate and different benzodiazepine receptor subtypes. 

This conclusion was supported by several experiments indicating a dif­
ference in the molecular structure ofbenzodiazepine receptors associated with 
proteins P 51 or P 5 5 (Sieghart et al. 1987; Sieghart 1988). 

3.3 Heterogeneity ofthe CI. and 13 Subunits 
of the GABA-Beozodiazepioe Receptor Complex 

Recently, the GABAA-benzodiazepine receptor complex has been completely 
purified by affinity chromatography (Sigel et al. 1983). The purified receptor 
preparation seemed to contain only two major protein bands with apparent 
molecular weights of 53000 (CI. subunit) and 57000 (13 subunit), as revealed by 
SDS polyacrylamide gel electrophoresis. Molecular mass determination sug­
gested the complex to be a heterotetramer with an Cl.2f32 stoichiometry 
(Barnard et al. 1984). SDS polyacrylamide gels with higher resolution, 
however, revealed that the CI. and 13 subunits each consist of several different 
proteins with quite similar molecular weight (Fuchs and Sieghart 1989). Using 
monoclonal antibodies specific for CI. or 13 subunits, it was possible to 
demonstrate that all the various proteins irreversibly labelled by 
[3H]flunitrazepam are different CI. subunits of the GABA-benzodiazepine 
receptor complex (Fuchs et al. 1988). In addition, the existence of several dif­
ferent 13 subunits was demonstrated. These subunits are specifically and ir­
reversibly labelled by the GABA agonist [3H]muscimol and are recognized by 
a 13 subunit selective antibody (Fuchs and Sieghart 1989). Assuming a 
molecular structure of Cl. 2 f32 for the GABAA -benzodiazepine receptor complex, 
a large variety of structurally different GABA-benzodiazepine receptor sub-
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types could possibly arise by a combination of various IX and p subunits. Thus, 
there could be receptors containing identical or different IX or p subunits. 
Alternatively, there could be receptors containing different IX but identical p 
subunits or identical IX but different p subunits. 

3.4 Possible Clinical Significance of Benzodiazepine Receptor Subtypes 

Since the IX subunits seem to contain the benzodiazepine binding site, whereas 
the p subunits seem to contain the GABAJmuscimol binding sites, different 
combinations of IX and p subunits could possibly lead to a different manner of 
interactions of benzodiazepines with various GABAA-benzodiazepine recep­
tors. Thus, it is quite possible that a compound acting as a benzodiazepine 
agonist on one receptor subtype could act as a partial agonist on another sub­
type. This of course could be one explanation for the differential spectrum of 
actions of different clinically used benzodiazepines. 

The regional distribution of the various IX subunits is different, as revealed 
by the regional distribution of the various proteins photo labelled by 
[3H]flunitrazepam (Sieghart and Karobath 1980). So far no data are available 
on a possible difference in the regional distribution of p subunits. In any case, 
there are receptor subtypes which are differentially distributed in various 
brain regions, and there are compounds available which have some selectivity 
for one of these subtypes. Their selectivity, however, is rather weak and can­
not be used for the investigation of functions of these specific receptors. If it 
were possible to develop highly selective ligands for these various receptors, 
one would certainly be able selectively to influence the function of different 
neuronal GABA systems. For instance, GABA neurons by influencing certain 
serotonin neurons in the raphe nuclei or norepinephrine neurons in locus 
coeruleus could produce anxiolytic actions. Other GABA systems, by in­
fluencing neurons in the midbrain reticular formation, could cause sedative­
hypnotic effects, and could cause muscle-relaxant effects by influencing 
neurons in the spinal cord and cerebellum. Finally, GABA neurons in the 
cerebral cortex and limbic system could dampen increased excitability of 
neurons and thus produce an anticonvulsive action. 

Selective benzodiazepine receptor ligands thus could lead to more selective 
anxiolytic, sedative, muscle-relaxant or anticonvulsant drugs with low toxicity 
and could also offer the possibility of pharmacologically influencing many dif­
ferent other neuronal systems via the GABA-benzodiazepine receptor com­
plex. One of these systems, which could possibly be manipulated by way of 
benzodiazepine receptors, is the cholinergic system, which might be 
responsible for the memory deficits in the course of senile dementia. Recent 
evidence seems to indicate that partial inverse benzodiazepine receptor 
agonists, by disinhibiting remaining cholinergic neurons of the basal 
forebrain, might exert memory enhancing and general nootropic effects 
(Sarter et al. 1988). Non-selective partial inverse agonists obviously could ex­
hibit serious side effects because of their proconvulsive, convulsive or 
anxiogenic actions. Therefore, the development of partial inverse ben-
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zodiazepine agonists, with highly selective actions on receptors modulating 
only certain and relevant cholinergic neurons could significantly enhance the 
value of such drugs in the treatment of senile dementia. 

Because of the widespread distribution of the GABAergic system in the 
brain it is highly probable that still other applications for GABAergic drugs 
will arise as soon as more selective drugs are developed. It is quite reasonable 
to assume that many other actions of GABAergic drugs are covered and su­
perimposed by the predominant sedative action of these compounds. Thus, it 
can be anticipated that the investigation of the structure and function of the 
various benzodiazepine receptor subtypes and the development of highly 
selective ligands for these receptors will have a broad clinical application in 
the future. 
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Genetic Polymorphisms of Drug-Metabolizing Enzymes: 
Molecular Mechanisms * 

U. A. MEYER, u. ZANGER, R. SKODA, and D. M. GRANT 1 

1 Introduction 

Genetic polymorphisms of drug-metabolizing enzymes give rise to distinct 
subgroups in the population which differ in their ability to perform a certain 
drug biotransformation reaction. Genetic polymorphisms thus contribute 
considerably to interindividual variation in drug response. Individuals with 
genetically impaired metabolism are usually designated as poor metabolizers, 
as compared to normal or extensive metabolizers. 

The objective of the research of our laboratory is the elucidation of the 
molecular mechanisms at the protein and DNA level of common genetic 
polymorphisms of drug metabolism, namely: (a) the debrisoquine/sparteine­
type polymorphism of drug oxidation, (b) the mephenytoin-type polymor­
phism, and (c) the polymorphism of arylamine N-acetyltransferase. These 
types of polymorphism have been extensively reviewed, e.g. by Kiipfer and 
Preisig (1983), Eichelbaum (1984) and Meyer et al. (1986). 

The debrisoquine/sparteine-type polymorphism occurs in 5%-10% of in­
dividuals in Caucasian populations and affects the metabolism of over 20 
drugs, including antiarrhythmic agents, f3-adrenoreceptor blocking drugs, 
antidepressants, dextromethorphan, codeine and many other clinically used 
agents. Recent studies have also indicated that a link may exist between this 
polymorphism and some forms of cancer or with early-onset Parkinson's dis­
ease, presumably related to environmental chemicals (for original references 
see Gonzalez et al. 1988). 

A genetic polymorphism of deficient metabolism of the anticonvulsant 
mephenytoin is observed in 2%-8% of Caucasian and in over 20% of 
Japanese subjects (for review, see Kiipfer and Preisig 1983). The deficiency is 
inherited as an autosomal recessive trait and is distinct from the debrisoquine 
polymorphism. 

Marked variation in the disposition of a large number of primary 
arylamine and hydrazine drugs and chemicals such as isoniazid, clonazepam, 
phenelzine and sulfamethazine, has been linked to a genetic polymorphism in 
the activity of the cytosolic liver enzyme N-acetyltransferase. This defect, 
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Table 1. Possible mechanisms responsible for a deficiency of drug­
metabolizing enzymes 

Abnormal function of enzyme 
Decreased affmity for substrates (Km) 
Decreased maximal velocity (V max) 
Combination of the two above 
Change in the stereoselectivity of the reaction 

Decreased intracellular concentration or absence of enzyme protein 
Diminished rate of synthesis 
Accelerated degradation oflabile enzyme variant 

At DNA/RNA level 
Deletion, insertion or rearrangement of gene 
Defect in transcription, RNA processing or RNA stability 

U. A. Meyer et al. 

which displays an approximately 50% prevalence of the poor metabolizer (or 
acetylator) phenotype in Caucasian populations has been the subject of ex­
tensive investigations at the clinical level (for review, see Weber and Rein 
1985). However, as yet our understanding of the underlying mechanism of the 
acetylation polymorphism is based almost entirely upon extrapolations from 
results obtained in animal model systems. 

The present paper summarizes recent studies in our laboratory designed to 
elucidate the molecular mechanisms of these three polymorphisms at the mi­
crosomal, purified protein and RNA/DNA levels and provides initial insights 
into these mechanisms. 

2 General Considerations in Regard to Molecular Mechanisms 
Causing Polymorphisms of Drug Metabolism 

The principal mechanisms causing quantitative or functional deficiencies of 
drug-metabolizing enzymes in human liver are summarized in Table 1. It is 
evident from these considerations that elucidation of the molecular basis of 
these polymorphisms requires access to large quantities of human liver tissue 
for isolation and purification of proteins and RNA, but also access to tissue 
(liver, leucocytes) from subjects of families phenotyped in vivo in order to 
establish the causal relationship between in vitro and in vivo findings. 
Moreover, sensitive assays for the involved metabolic reactions are necessary 
to monitor the purification of enzymes with affinity for the substrates in ques­
tion. 

3 Methodological Aspects 

In order to investigate these polymorphisms we have established a bank of 
human liver tissue. This bank presently contains 35 human livers collected im­
mediately after circulatory arrest from kidney transplant donors. In addition, 
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wedge biopsies of 0.5-2 g wet weight were obtained from the livers of patients 
during either diagnostic or therapeutic laparotomy. These patients were 
phenotyped during their hospital stay by means of the urinary metabolic ratio 
of debrisoquine, sparteine or dextromethorphan for the debrisoquine 
polymorphism, with mephenytoin for the mephenytoin polymorphism, and 
with caffeine for the N-acetyltransferase polymorphism (for references, see 
Meyer 1987; Grant et al. 1984). Sensitive assays for debrisoquine-4-
hydroxylase, bufuralol-1'-hydroxylase and dextromethorphan-O-demethylase 
(Kronbach et al. 1987), for mephenytoin hydroxylation and demethylation 
(Meier et aI. 1985), and for N-acetyltransferase activity (Grant and Meyer, 
submitted for publication) were developed. 

4 Results and Discussion 

4.1 Debrisoquine Polymorpbism 

Studies at the Microsomal Level. We first observed that more than one P450 
isozyme may cataIyse the microsomal metabolism of bufuralol, debrisoquine 
and the other substrates involved in this polymorphism. Thus, purification 
from human liver with activity monitoring resulted in two functionally dif­
ferent cytochrome P450 isozymes, both able to catalyse bufuralol-1'­
hydroxylation (Gut et al. 1986a). Indirect studies indicated that only one of 
these isozymes, P450bufI, is affected by the debrisoquine polymorphism 
(Dayer et al. 1987). We have since discovered that P450bufl (now called 
P450db1 or P450II D1) and the corresponding microsomal activity can be 
uniquely assessed using the peroxygenase function of this isozyme in a cumene 
hydroperoxide (CuOOH) supported reaction, whereas at least two isozymes 
are active in the classical mono-oxygenase reaction (Zanger et al. 1988a). By 
kinetic analysis of micro somes from liver biopsies of in vivo phenotyped 
extensive- and poor-metabolizing subjects, a striking selectivity of the 
CuOOH-mediated activity of P450db1 in identifying the poor-metabolizing 
condition was achieved, namely a drastically reduced V max paralleled by an in­
creased Km and a loss of stereoselectivity in poor-metabolizer microsomes. 

Immunoquantitation of P450db 1. Different types of antibodies, all specifically 
recognizing P450db1, have been developed or discovered in our laboratory. 
These include rabbit polyclonal antibodies and mouse monoclonal antibodies 
specifically recognizing P450db1. Moreover, in collaboration with L. Kiffel 
and J.-c. Homberg (Hopital Necker and Hopital St. Antoine, Paris), we have 
discovered that circulating antibodies which occur in some children with 
chronic active hepatitis (anti-LKM1 antibodies) uniquely recognize P450db1-
type activity, as demonstrated by complete inhibition and immunoprecipita­
tion of CuOOH-mediated microsomal bufuralol-1'-hydroxylation. We used 
anti-LKM1 IgG to immunoisolate the microsomal LKM1 antigen. The eluted 
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Fig. 1. Genetic polymorphism of debrisoquine-4-hydroxylation. Molecular characterization 
of the human cytochrome P450dbl gene. The scheme should give an idea about how splicing 
defects may cause mutant mRNAs which yield no detectable P450dbl protein and result in 
the debrisoquine poor metabolizer phenotype 

protein was identical to P450db1 in its Mr of 50000 and its N-terminal amino 
acid sequence (Zanger et al. 1988b). By the same procedure the anti-LKM1 
antigen was isolated from solubilized micro somes of human livers, including 
liver biopsies from in vivo phenotyped extensive- and poor-metabolizing sub­
jects. The amount of P450db1 immunoisolated or immunoquantitated on 
Western blots correlated closely with the V max of CuOOH mediated bufuniJol-
1 I-hydroxylation. No protein could be demonstrated in poor metabolizers' 
livers (Zanger et al. 1988 a). 

Collectively, our immunological data provide convincing evidence for the 
specific absence rather than a functional alteration of P450db1 in most poor 
metabolizers as the cause of debrisoquine polymorphism. 

Studies at the DNA Level. A full-length human cDNA (db1-cDNA) was 
cloned by screening cDNA expression libraries derived from livers of ex­
tensive metabolizers with anti-P450db1 antibodies (Gonzalez et al. 1988). The 
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relationship of the db1-cDNA to P450db1 was convincingly demonstrated by 
identical N-terminal sequence and functional expression in COS-1 cells. The 
db1 gene was localized on human chromosome 22, in agreement with linkage 
studies in poor-metabolizer families by Eichelbaum et al. (1987). In livers with 
markedly decreased bufuralol-1'-hydroxylase activity, different aberrant pre­
mRNA splicing defects were discovered which could explain the absence of 
the P450db1 protein in the livers of poor metabolizers (Gonzalez et al. 1988). 

We have also used the db1-cDNA to analyse leucocyte DNA from in vivo 
phenotyped extensive- and poor-metabolizing subjects in order to identify 
mutant alleles of the db1 gene locus (Skoda et al. 1988). Restriction fragment 
length polymorphisms (RFLPs) generated by several endonucleases were 
found to be associated with the poor metabolizer phenotype when DNA from 
unrelated poor metabolizers and unrelated extensive metabolizers was com­
pared. The segregation of these RFLPs was studied in families of poor 
metabolizer propositi in which obligate heterozygote carriers of the recessive 
gene could be identified. These studies revealed that each of two polymorphic 
fragments is allelic with a fragment present in all extensive metabolizers and 
suggests that these two RFLPs identify two independent mutated alleles of the 
db1 gene. Among poor metabolizers, 75% had at least one of these mutated 
alleles (Skoda et al. 1988). Our studies thus suggest that a third (or probably 
several additional) mutated allele not detected by these methods must be 
present in the population and associated with decreased metabolism of 
debrisoquine. The mutations leading to the RFLPs and their relationship to 
the aberrant splicing defects observed in poor metabolizers' livers are present­
ly being investigated. A scheme of these recent findings is presented in Fig. 1. 

4.2 Mephenytoin Polymorphism 

Studies at the Microsomal Level. The inherited deficiency of mephenytoin 
metabolism affects one of the two major metabolic pathways of mephenytoin, 
namely stereoselective 4-hydroxylation of S-mephenytoin. The other main 
reaction, N demethylation to nirvanol, remains unaffected. Our initial studies 
in microsomes of liver biopsies of in vivo phenotyped extensive- and poor­
metabolizing subjects suggested the deficiency of a P450 isozyme different 
from P450db1. Poor metabolizer microsomes could be distinguished from 
those of extensive metabolizers by a decreased V max and increased Ku. for S­
mephenytoin hydroxylation and a loss in stereoselectivity for the S 
enantiomer (Meier et al. 1985). P450 isozyme fractions (P45Omeph) which 
catalyse mephenytoin hydroxylation have been purified and characterized 
from human livers (Gut et al. 1986b). The only other substrate known to be 
subject to this polymorphism is mephobarbital (J acqz et al. 1986). 

Immunoquantitation of Cytochrome P450meph. In sera of patients suffering 
from tienilic acid induced hepatitis, high titres of anti-liver kidney microsome 
(anti-LKM2) antibodies have been detected (Beaune et al. 1987). These 
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autoimmune antibodies strongly inhibit the microsomal oxidation of tienilic 
acid and recognize the P450 responsible for microsomal S-mephenytoin 
hydroxylation (Meier and Meyer 1987). They potently inhibited S­
mephenytoin 4-hydroxylation and immunoprecipitated the same single 
protein as rabbit anti-P450meph antibodies. The same amount of protein was 
immunopurified from solubilized liver micro somes of extensive metabolizers 
and one in vivo phenotyped poor metabolizer subject. Comparison of the ex­
tensive metabolizer type of P450 with that isolated from poor metabolizer 
liver revealed no difference in regard to M., isoelectric point, relative content 
in microsomes, peptide maps, amino acid composition, or N-terminal protein 
sequence (Meier and Meyer 1987). However, our recent studies also suggest 
that different but immunologically indistinguishable P450 isozymes may 
catalyse the metabolism of tolbutamide, tienilic acid and mephenytoin. If 
these are recognized and inhibited by the same antibodies, one may fail to 
detect a decrease in enzyme protein such as the P450meph because other un­
affected proteins are recognized. Thus, the mechanism of the mephenytoin 
polymorphism remains unresolved, and studies at the DNA level have not yet 
been possible. 

4.3 N-Acetyltransferase Polymorphism 

We have studied the human defect at the level of enzyme expression by 
developing sensitive enzyme assays and by raising antibodies against N­
acetyltransferase purified from the cytosol of several human livers. So far our 
results suggest that the large variations in cytosolic enzyme activity are ac­
companied by parallel differences in the quantity of at least two distinct but 
closely related isozymes of N-acetyltransferase, NAT-l and NAT-2. In livers 
with low N-acetyltransferase activity no protein could be detected by the anti­
N-acetyltransferase serum in either of the isozyme fractions (Grant and 
Meyer, submitted). We are unable to say at the present time whether this 
results from genetic variation in regulatory elements controlling synthesis of 
these acetylating isozymes, or whether gene mutations in coding sequences 
lead to the production of unstable structurally variant enzymes which are 
rapidly degraded. Nonetheless, our studies provide yet another example of an 
enzyme system which seems to display unexpected complexity at the 
molecular level when considered in the context of its phenotypic expression in 
vivo. Molecular studies currently in progress should allow us to clarify the 
precise nature of the interindividual differences which we have detected at the 
protein level. 

5 Conclusions 

Studies at the protein and gene level of the enzymes affected by common 
genetic polymorphisms will ultimately allow the development of clinical tests 
to predict poor metabolizers and improve the efficacy and safety of drug 
therapy. 
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Genetic Polymorphism in Drug Oxidation 

W.KALow 1 

1 Introduction 
As discussed by Meyer et al. (this volume), recent studies of drug­
metabolizing enzymes at the molecular level have led to remarkable advances. 
We can expect that the rapid progress will continue. By contrast, studying the 
clinical consequences of the molecular discoveries will remain a slow process. 

Polymorphism is a word of many meanings. In genetics, polymorphism 
refers to the simultaneous occurrence in a population of variant forms of a 
gene product. However, the occurrence of a variant is counted as polymorphic 
only if it has a frequency greater than can be accounted for by the mutation 
rate. In practice, a variant is called polymorphic only if its gene frequency in a 
population exceeds 2%. In other words, the term excludes rare variants. This 
definition fits only two variants, which have been referred to as debrisoquine 
polymorphism and mephenytoin polymorphism. Meyer et al. (this volume) 
have outlined the current knowledge of these polymorphisms at the molecular 
level. Some particular aspects of these polymorphisms will be emphasized in 
subsequent chapters. I will try to provide an overview mainly from a 
pharmacokinetic and clinical perspective. 

I will use the term debrisoquine hydroxylase for the human enzyme which 
has been characterized genetically, and which is homologous to the rat en­
zyme db1 (Gonzales et al. 1988). I will use the term mephenytoin hydroxylase, 
realizing that this may represent one, or two closely related enzymes which act 
only on the S enantiomer of me phenytoin (Guengerich et al. 1986). 

2 Debrisoquine Polymorphism 

There are two kinds of interactions of drugs with debrisoquine hydroxylase. 
The drug may either be metabolized by debrisoquine hydroxylase or bind to 
the enzyme without being metabolized; the latter are inhibitors. For in vitro 
screening, we are reminded that all drug substrates are inhibitors bycompet­
ing with other substrates, but a drug which is not a competitive inhibitor can 
also not be a substrate. Drugs with extremely high affinity are also not good 
substrates, since high affinity implies a slow release of enzyme from the 
enzyme-substrate complex. 
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2.1 Substrates of Debrisoquine Hydroxylase 

Table 1 lists the substrates of debrisoquine hydroxylase in terms of a 
pharmacological classification. With three exceptions (discussed below), in­
clusion of a drug into this list is based on in vivo studies in patients, volunteers 
or both. The metabolism by debrisoquine hydroxylase of some drugs, 

Table 1. Drugs metabolized by debrisoquine hydroxylase 

Drugs 

P-Blockers 
Metoprolol 
Bufuralol 
Timolol 
Bopindolol 
Propranolol 

Other cardiovascular drugs 
Debrisoquine . 
Guanoxan 
Sparteine 
N-Propylajmaline 
Propafenone 
Encainide 
Perhexiline 
Diltiazem 
Indoramin 

Antidepressants 
Nortriptyline 
Desipramine 
Amitriptyline 
Imipramine 
Clomipramine 

Miscellaneous drugs 
Dextromethorphan 
Phenformin 
Codeine 
Amiflamine 
Methoxyphenamine 
Methoxyamphetamine 
Lasiocarpine 
Monocrotaline 

Consequences for poor metabolizers 

Loss of selectivity, side effects 
Increased side effects 
Moderate pharmacokinetic alteration 
Minimal pharmacokinetic alteration 
No clinical change 

Hypotension, collapse 
Hypotension 
Uterine rupture 
Overdose effects 
CNS and neurological side effects 
Reduced effect (only after single dose) 
Neuropathy, hepatotoxicity, myopathy 
Cardiac failure (given with metoprolol) 
Dizziness, hypotension 

Slow elimination, cumulation 
Slow elimination, cumulation 
Minor change 
Minor change 
Minor change 

Slight drowsiness if anything 
Lactic acidosis 
Metabolism demonstrated in vitro 
Overdose effects expected 
Experimental administration 
Prolonged hallucinations 
In vitro demonstration 
In vitro demonstration 

References 

13,18,20,34 
7,15,20,37 
19,20 
13 
19,20 

10,33,37 
31 
8,10,34 
39 
29,34 
21,25,35 
11,14,28 
34 
24 

3,22,30 
4,8,9,30 
5 
3,8,9,30 
6 

17,27,38 
16,23,36 
12 
1,2 
26 
32 
37 
37 

1. Alvan et al. (1986); 2. Alvan et al. (1984); 3. van Bahr et al. (1986); 4. van Bahr et al. (1985); 
5. Balant-Gorgia et al. (1982); 6. Balant-Gorgia et al. (1986); 7. Boobis et al. (1985); 8. Bmsen 
(1988); 9. Bmsen and Gram (1988); 10. Cooper and Evans (1984); 11. Cooper et al. (1984); 
12. Dayer et al. (1988); 13. Dayer et al. (1986); 14. Gould et al. (1986); 15. Gut et al. (1984); 
16. Idle et al. (1981); 17. Kupfer et al. (1986); 18. Lennard et al. (1986b); 22. Mellstrom et al. 
(1981); 23. Oates et al. (1983); 24. Pierce et al. (1987); 25. Roden and Woosley (1988); 26. Roy 
et al. (1985); 27. Schmid et al. (1985); 28. Shah et al. (1982); 29. Siddoway et al. (1987); 30. 
Sjoqvist and Wagner et al. (1987); 35. Wang et al. (1984); 36. Wiholm et al. (1981); 37. Wolff 
et al. (1987); 38. Woodworth et al. (1987); 39. Zekorn et al. (1985). 
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Table 2. Drugs not metabolized by debrisoquine 
hydroxylase as determined in vivo 

Acetanilid 
Aminorex 
Amobarbital 
Antipyrine 
Benzodiazepine 
Caffeine 
Ethanol 
Maprotiline 
Methaqualone 
Midazolam 
Phenytoin 
Prazosin 
Theophylline 
Tolbutamide 

Wakileetal. (1979) 
Saner et al. (1986) 
lnaba et al. (1980) 
Eichelbaum et al. (1983) 
Syvalahti et al. (1986) 
Unpublished observation 
Male et al. (1982) 
Gabris et al. (1985) 
Oram et al. (1982) 
Klotz et al. (1986) 
Kadar et al. (1983) 
Lennard et al. (1988) 
Dahlqvist et al. (1984) 
Peartet al. (1987 
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prominently bufurarol, debrisoquine, sparteine, nortriptyline and 
desipramine, has been investigated both in vivo and in vitro. Table 2 lists 
drugs which have been shown not to be metabolized by debrisoquine 
hydroxylase in vivo. 

For most of the drugs listed in Table 1, the metabolic dependence on 
debrisoquine hydroxylase has been known for some years, and there are suffi­
cient published comments to allow me to be brief regarding them. Most drugs 
with serious toxicities for poor metabolizers are no longer on the market. 
These include debrisoquine, sparteine and phenformin. It is my understanding 
that perhexiline can still be used by patients in the United Kingdom if prior 
testing has shown them to be extensive metabolizers of debrisoquine. 

Studies with db1 antibodies suggest that the debrisoquine hydroxylase 
participates in the metabolism of the pyrrhol derivatives lasiocarpine and 
monocrotaline. 

Of considerable interest is a newcomer to this list, codeine. Probably every 
medical student has learned that the analgesic action of codeine depends on its 
demethylation to morphine. This conversion has recently been shown by 
Dayer et al. (1988) in isolated human liver to be catalysed by debrisoquine 
hydroxylase. Metabolism studies in vivo are still to be done, and it remains to 
be shown in clinical studies whether poor metabolizers of debrisoquine derive 
the expected pain relief from codeine. Another question that remains to be 
answered is based on the observation that debrisoquine hydroxylase occurs in 
brain cells (Fonne-Pfister et al. 1987). It is thus a possibility that conversion of 
codeine into morphine may take place in the brain. 

In this context, we should remember that numerous studies of 
cytochromes P450 in the brain have been conducted during recent years. The 
cytochromes in brain represent a variety of enzymes and isozymes, many with 
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specific distributions (Warner et al. 1988), some prominently in the globus 
pallidus (Kapitulnik et al. 1987). The P450 concentration in brain is generally 
much lower than in the liver, often in the order of 1 % of that found in liver. 
However, some cells, or particular cells groups, seem to have rather high con­
centrations of inducible cytochromes (V olk et al. 1988). This could mean that 
the occurrence of genetic variants in the liver reflects variation in the brain, 
with direct implications for some cerebral functions. In any case, this is an 
area of investigation which will require much attention in the future. 

2.2 Inhibitors of Debrisoquine Hydroxylase 

Otton et al. in Toronto (1983, 1984; Inaba et al. 1985), used human liver 
preparations to screen drugs for their capacity to bind to debrisoquine 
hydroxylase, using competitive inhibition of sparteine metabolism as the 
criterion for binding (Table 3). Our selection of drugs was influenced by the 
fact that sparteine - a prominent substrate of debrisoquine hydroxylase - was 
a natural alkaloid. We asked ourselves whether it could be that the debriso­
quine polymorphism represents genetic adaptation against alkaloids or other 
toxic food constituents. At our request, Boehringer Ingelheim in the Federal 
Republic of Germany kindly supplied us with a series of the natural alkaloids 
which they had in their chemical storeroom. It thus happened that Otton 
found the very high affinity of quinidine for debrisoquine hydroxylase. Also 
yohimbine showed substantial binding. (These binding studies were called 
useless and misleading by the first reviewers of the manuscripts, which lead to 
rejection of the papers by one of the pUblications.) In the meantime, the clini­
cal importance of inhibition of debrisoquine hydroxylase has been well 
established. Table 4 is based on in vivo evidence of such inhibition. Quinidine 

Table 3. Strong inhibitors of debrisoquine hydroxylase 
in vitro (Ki < J..lM) 

Quinidine 
Cinchonidine 
Desipramine 
Nortriptyline 
Chlorpromazine 
Thioridazine 
Haloperidol 
Domperidone 
Pipamperone 
Labetalol 
Ajmaline 
Lobeline 
Yohimbine 
Corynantheine 
MPTP 

Otton et a1. (1984) 
Otton et al. (1984) 
Otton et a1. (1983) 
Otton et a1. (1983) 
Otton et a1. (1983) 
van Bahr et a1. (1985) 
Inaba et a1. (1985) 
Inaba et al. (1985) 
Inaba et al. (1985) 
Inaba et a1. (1985) 
Inaba et al. (1985) 
Inaba et al. (1985) 
Inaba et a1. (1985) 
Inaba et a1. (1984) 
Fonne-Pfister et al. (1987) 
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Table 4. Inhibition of debrisoquine hydroxylase ob­
served in vivo 

Quinidine 

Thioridazine 
LevoDlepro~ne 

Diphenhydramine 
Orphenadrine 
DiltiazeDl 
Propafenone 
Cirnetidine 
Carbarnazepine (1) 

Bmsen et aI. (1987); Inaba et al. 
(1986); LeeDlann et aI. (1986); 
Steiner and Spina (1987) 

SyvaIahti et aI. (1986) 
SyvaIahti et aI. (1986) 
Poirier et aI. (1987) 
Poirier et aI. (1987) 
Bottorff et aI. (1988) 
Siddoway et aI. (1985) 
Steiner and Spina (1987) 
Roots et aI. (1985) 
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has been shown to affect the metabolism of various substrates of debrisoquine 
hydroxylase, causing an extensive metabolizer to appear as a poor metabolizer 
(e.g. Inaba et al. 1986; Bn~sen et al. 1987). 

Among the drugs tested by Otton, chlorpromazine showed a high affinity 
for the enzyme. In vivo studies have shown in the meantime that 
levomepromazine and thioridazine are also potent inhibitors of the enzyme 
(Table 4). Since these neuroleptics tend to produce extrapyramidal symptoms 
such as parkinsonism, it was not surprising that the investigation of patients 
with parkinsonism in a psychiatric hospital revealed many to have a reduced 
capacity for metabolizing debrisoquine. This gave rise to the idea of an as­
sociation between the debrisoquine polymorphism and parkinsonism (Bar­
beau et al. 1985). Barbeau, who first developed this idea, died shortly after 
publication of this paper. His collaborators have shown in a recent publica­
tion that the antihistaminics diphenhydramine and orphenadrine increase the 
metabolic ratio in patients with parkinsonism (Poirier et al. 1987). In the 
meantime, Meyer and his collaborators have shown through in vitro studies 
that N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, the neurotoxic substance 
referred to as MPTP, was in vitro a potent inhibitor of debrisoquine 
hydroxylase (Fonne-Pfister et al. 1987); they also demonstrated the presence 
of the enzyme in human and in rat brain. Since the illicit recreational use of 
MPTP has given rise to severe parkinsonism, Meyer has reopened the ques­
tion of any special connection between susceptibility to parkinsonism and 
debrisoquine polymorphism. 

2.3 V mation Between Extensive Metabolizers of Debrisoquine 

It is part of the lore of human genetics that there is often less person-to-person 
variation between homozygotes for a monogenic trait than between 
heterozygotes. This is likely to be true also for the debrisoquine polymor­
phism. This aspect of its population distribution has been neglected in the 
computer simulations of both Jackson et al. (1986) and Steiner (1987). 
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Table 5. Kinetics of sparteine oxidation by the microsomal enzyme 
component of human liver susceptible to inhibition by quinidine (from 
Tyndale 1988) 

Liver n K.n ±SE Vmu 
no. (11M) ofKm (pmolmg- 1 0.5 h- 1) 

K18 2 167.8 1.3 7019 
AL9 3 101.3 20.6 1687 
K14 1 101.3 3768 
K12 1 95.4 5700 
K15 8 94.2 4.1 4138 
KI0 1 44.4 5738 
K20 3 38.0 9.1 14413 
ALtO 1 37.0 718 
K21 8 33.6 3.8 1137 
K16 6 18.8 1.7 735 

Nevertheless, one cannot distinguish phenotypically between homozygous 
and hetero~gous extensive metabolizers (Bresen 1988). A potential reason 
became apparent in recent studies by Tyndale (1988). Tyndale reinvestigated 
sparteine oxidation in a series of human livers using an exceptionally wide 
range of substrate concentrations. In most livers, she could identify two en­
zyme components, one susceptible to inhibition by quinidine and one not sus­
ceptible. The nonsusceptible component had the lower affinities for sparteine. 
The Michaelis constant (K.J in the quinidine-susceptible component of the 
sparteine-oxidizing enzyme varied over a ten-fold range within the livers in­
vestigated (Table 5). This variability far exceeds the limits of experimental er­
ror. It seems likely that this variability of K.n values indicates structural varia­
tions within the wild-type debrisoquine hydroxylase. This could well be the 
main factor obscuring the phenotypic distinctions between the two extensive 
metabolizer genotypes. It could also be this factor which is responsible for the 
peculiar association between bronchial carcinoma and the subgroup of ex­
tensive metabolizers with very high metabolic ratios (Ayesh and Idle 1985). 

2.4 Clinical Consequences of a Drug-Metabolizing Failure: Principle Questions 

Let us ask as a general question: What can happen to a drug if a particular 
drug-metabolizing activity is absent, as for instance, in a poor metabolizer of 
debrisoquine or sparteine (Kalow 1987)1 

As a rule, the mammalian body has several means of getting rid of a drug. 
Not only is there renal and biliary excretion besides metabolism, but there are 
often two or three competing reactions leading to different metabolites of a 
given drug. In that case, if one reaction fails, it may not much alter the 
metabolic clearance of a drug. An example is propranolol: only one of its three 
metabolic pathways depend on debrisoquine hydroxylase. Propanolol can be, 
and has been, used to detect poor metabolizers of debrisoquine, although their 
metabolic failure does not make the slightest difference for the pharmacologi-
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cal action of propranolol (Lennard et al. 1986a). If the person has two defects, 
knocking out two of the metabolic pathways, the clinical consequence could 
be drug toxicity. A variant of this kind of protective multimetabolism is 
represented by cases in which the same reaction is produced by two different 
enzymes. The classical example is alcohol oxidation by both alcohol 
dehydrogenase and a cytochrome P450 formerly referred to as MEOS; the en­
zyme molecule is now known and is designated P450IIE1 (Nebert and Gon­
zalez 1987). 

More frequent are the cases in which a given reaction of a given substrate 
can be produced by more than one cytochrome. Reilly et al. (1983) in Toronto 
found many years ago that the side-chain hydroxylation of amobarbital, the 
main elimination pathway of that drug, was catalysed by two cytochromes. 
We concluded at that time that an inability to hydroxylate amobarbital 
should be a rare event, in spite of the fact that the rate of metabolism was 
predominently under genetic control and highly variable between persons 
(Endrenyi et al. 1976). In the meantime, this kind of metabolic safeguard has 
been found for a number of drugs, among which are some drug substrates 
whose .first biotransforming enzyme is debrisoquine hydroxylase. For in­
stance, debrisoquine hydroxylase is under most circumstances the main en­
zymemetabolizing sparteine. The enzyme is easily identified by its genetic 
variability and by its susceptability to inhibition by quinidine. The "back-up 
enzyme" has a somewhat lower affinity for sparteine and is not inhibited by 
quinidine (Tyndale 1988). 

Metoprolol and other P-blockers are racemates. Debrisoquine 
hydroxylase oxidizes one of the enantiomers more effectively than the other, 
while the back-up enzyme produces the same action but without distinction 
between the enantiomers (Lennard et al. 1986b). The enantiomers also differ 
in potency for P-blockade. It thus happens that the increased plasma con­
centration in poor metabolizers is composed to a large extent of the less active 
enantiomer. 

Similarity of pharmacological action of drug and metabolite is another 
major reason for a lack of clinical consequences of a drug-metabolizing 
deficiency. A classical example, revealed during studies of N-acetyltransferase, 
is procainamide and acetylprocainamide (Uetrecht et al. 1984). Both have 
similar pharmacological actions although the toxic effects are different; the 
parent drug tends to produce antinuclear antibodies, in contrast to the acety­
lated metabolite. There are equivalent examples pertaining to the debriso­
quine polymorphism. Bufuralol has served as a model substrate for in vitro in­
vestigations of debrisoquine hydroxylase (Dayer et al. 1986). However, since 
hydroxybufuralol is about as effective in producing P-blockade as is the 
parent drug, the metabolic difference is clinically hardly noticeable, at least in 
respect to P-blockade. 

The consequences of a metabolic deficiency may be shaped by 
pharmacokinetic factors. Thus, one can distinguish between an alteration in 
first-pass metabolism and a deficiency in metabolic clearance which translates 
into a prolonged half-life. Usually both factors are apparent (Kalow 1987). 
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A good example of modification of a ftrst-pass effect in poor metabolizers 
is represented by the pharmacokinetics of debrisoquine itself. The now classi­
cal illustration by Sloan et al. (1983) shows that the oral intake of a single dose 
of debrisoquine leads to an approximately four-fold higher plasma level in a 
poor than in an extensive metabolizer. The decline of the plasma level in a 
semilogarithmic plot is the same for the poor metabolizer and the extensive 
metabolizer. This means that the normal debrisoquine hydroxylase is acting 
very fast upon debrisoquine, so that about 80% of the drug is destroyed in the 
liver as it enters via the portal blood, and before it can leave via the hepatic 
vein. In other words, only about 20% of the absorbed drug gets into the 
general circulation. After completion of the absorption phase, the rate of 
metabolism of debrisoquine must be determined by access to the enzyme, 
probably by the rate at which it is carried by the hepatic artery into the liver, in 
other words, by hepatic blood flow. 

Good examples of half-life modulation by the debrisoquine polymorphism 
are sparteine (Eichelbaum 1982) and propylajmaline (Zekom et al. 1985). A 
standard oral dose of these drugs leads to similar initial blood levels in poor 
and extensive metabolizers. In extensive metabolizers, debrisoquine 
hydroxylase activity is rate limiting and determines the half-life; other, less ef­
ftcient elimination mechanisms determine the half-life of the drug in poor 
metabolizers. 

This pharmacokinetic distinction between ftrst-pass metabolism and half­
life prolongation is important particularly during chronic administration of a 
drug. Thus, in chronic administration of sparteine to extensive metabolizers 
there is no particular tendency for cumulation of the drug within the body. On 
the other hand, sparteine tends to accumulate on repeated doses in a poor 
metabolizer over a considerable period of time (Eichelbaum 1982). Mathe­
matically speaking, it takes 3.5 times the half-life of the drug in order practi­
cally to reach steady-state concentrations during chronic drug administration. 
Thus, even if the half-life is only moderately prolonged, it takes much longer 
to reach the steady-state levels, and these will be elevated. 

3 Mephenytoin Polymorphism 

It is now almost 10 years since the hereditary metabolic defect of mephenytoin 
hydroxylation was discovered by Kupfer et al. (1979) at Vanderbilt 
University. In spite of many efforts by various investigators, there are still not 
many drugs known to be affected by this polymorphism (see reviews by 
Kalow 1986; Wilkinson 1986). It is of course possible that future discoveries 
will reveal many drugs to be metabolized by mephenytoin hydroxylase 
without us currently suspecting it. However, at the present time we must ac­
cept at face value that mephenytoin hydroxylase is a cytochrome P450 with 
more restricted functions than is debrisoquine hydroxylase. 

The mephenytoin polymorphism represents a structural alteration which 
affects enzyme activity (Meier and Meyer 1987). There is a complicating 
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aspect of this alteration: not all of its substrates are affected by the struc­
tural change. There is in vitro evidence that tolbutamide can be hydroxy­
lated by mephenytoin hydroxylase, but not with the same person-to­
person variation of activity as with mephenytoin (Knodell et al. 1987). 
The distribution curves in a population must be different for tolbutamide 
and for mephenytoin. Analogous situations are known for other en­
zymes: paraoxonase activity is bimodally distributed in a population while 
the hydrolysis of phenylacetate by the same enzyme is unimodally dis­
tributed (Eckerson et al. 1983). Also, organophosphates do not dis­
criminate between the genetic variants of plasma cholinesterase while in­
hibitors of the amine type do (Kalow and Davies 1958). In any case, the 
mephenytoin hydroxylase appears to have two classes of substrates. Since we 
have looked at only one class, because it was revealed by genetic variation, we 
may be underestimating the overall importance of this enzyme. Meehan et al. 
(1988) showed mephenytoin hydroxylase to belong to a cytochrome P450 
family with members involved in steroid oxidations. 

The enantiomeric selectivity of the enzyme has received much attention, 
and the clinical importance of the genetic defect for the therapeutic use of 
mephenytoin is well documented (Kalow 1986; Wilkinson 1986). 
Mephenytoin is a valuable but rarely used antiepileptic. More widely used 
is mephobarbital; its primary metabolism also depends on mephenytoin 
hydroxylase (Kupfer and Branch 1985). It is very likely that mephobarbi­
tal would tend to show overdose toxicity in poor metabolizers of 
mephenytoin. In addition, one route of hexobarbital metabolism depends on 
this enzyme. 

Several groups of investigators have tested drugs for their capacity to in­
hibit mephenytoin hydroxylase in the hope of identifying further substrates of 
this enzyme. In the large random screening test ofInaba et al. (1985) tranyl­
cypromine was the only competitive inhibitor with a micromolar value of K;. 
Weaker but consistent inhibition was shown by diazepam and other ben­
zodiazepines; the observation was confirmed by Hall et al. (1987), but a 
relationship between mephenytoin hydroxylation and 3-hydroxylation of 
diazepam could be excluded (Tait 1987). According to the inhibition data by 
Hall et al. (1987), potential substrates are also methsuximide and ethytoin. 
The antifungal agent ketoconazole also inhibited mephenytoin hydroxylation 
in vivo (Atiba et al. 1988). From among a series of steroids, only 
norethindrone proved a fairly potent (K; = 20 JlM) inhibitor (Jurima et al. 
1985). We recently excluded inhibition by glutethimide and by 
aminoglutethimide (unpublished observation). 

The frequency of the mephenytoin polymorphism is roughly 5% in 
Caucasian and 20% in Japanese populations (Kalow 1986; Wilkinson 1986). 
No poor metabolizer was found among 90 Cuna Indians in Panama (Inaba et 
al. 1988). 
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4 Summary and Conclusions 

Of the two clearly established drug oxidation polymorphisms, only the one 
referred to as debrisoquine polymorphism affects many drugs. The only 
known polymorphic substrates of mephenytoin hydroxylase are mephenytoin 
and mephobarbital. Relatively recently discovered drug substrates of debriso­
Quine hydroxylase are propafenone, diltiazem, and codeine. The list of sub­
strates contains 28 items. The fate of slightly less than half of these is clinically 
affected in poor metabolizers, and several of the latter drugs are no longer 
marketted. There are many reasons why a failure of metabolism may not alter 
the fate of a drug sufficiently to affect its clinical use. 

Of interest and clinical importance is the inhibition of debrisoquine 
hydroxylase by inhibitors such as quinidine and by some neuroleptics; also the 
simultaneous use of two substrates has led to serious toxicity by mutual 
metabolic inhibition. 

The study of these oxidation polymorphisms has been instructive not only 
for formal pharmacogenetics but also for the understanding of problems of 
therapy in patients without genetic defects. 
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The Use of Human Liver Banks 
in Pharmacogenetic Research * 

C. VON BAHR, F. P. GUENGERICH, G. MOVIN, and C. NORDIN 1 

1 Introduction 

The plasma concentrations of certain drugs have been shown to exhibit very 
large differences following similar standard doses, leading to different effects 
of, for example, tricyclic antidepressant drugs. This report will attempt to 
show how simple in vitro experiments may give valuable information as to the 
in vivo interindividual variability in drug metabolism kinetics in man, which 
enzymes are involved in the metabolism of a drug, and clinically important 
metabolic interaction potentials. 

2 Methods 

Livers from our human liver bank were used, microsomes prepared (von Bahr 
et al. 1980), and the formation of desipramine from imipramine and 2-
hydroxydesipramine from desipramine in microsomal incubations were 
measured (Spina et al. 1984). 

3 Results and Discussion 

3.1 Plasma Levels of Desipramine in Patients 

After a standard dose of desipramine the steady-state plasma levels vary 
markedly between subjects (Hammer and Sjoqvist 1967). Some patients show 
very high levels and are more prone to side effects. Such subjects have been 
shown to be slow hydroxylators of the antihypertensive drug debrisoquine 
(Sjoqvist 1988). About 10% of Caucasian subjects have a poor ability to 
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Fig. I. Relationship between 
debrisoquine 4-hydroxylation 
and desipramine (DMl) 
2-hydroxylation in microsomes 
from nine different human 
livers. PM, Poor in vivo 
metabolizer of debrisoquine, 
having a debrisoquine/4-
hydroxydebrisoquine urinary 
ratio of 50. (From von Bahr et 
al.1986) 

hydroxylate this drug (Mahgoub et al. 1977), due to an inherited recessive trait 
(price-Evans et al. 1980). We have shown that the hydroxylation of 
desiprainine follows the debrisoquine phenotype in vivo (Spina et al. 1984). 
Desmethylimipramine and debrisoquine are probably hydroxylated by the 
same cytochrome P-450 isoenzyme. 

3.2 Correlation Between Desipramine and Debrisoquine Hydroxylation 
in Human liver Microsomes 

We have incubated debrisoquine and desipramine with liver microsomes from 
several human subjects. The rates of 4-hydroxylation of debrisoquine and 2-
hydroxylation of desipramine varied markedly among the livers. This varia­
tion in enzyme activity is probably the main determinant of the large variation 
in plasma levels of desipramine in vivo. The two metabolic activities corre­
lated with each other (Fig. 1). A liver from a "poor" in vivo hydroxylator of 
debrisoquine had an unusually low capacity to hydroxylate both drugs in 
vitro. 

A good correlation between two reactions indicates that they may be 
catalysed by the same enzyme, but this is not proof, as two enzymes regulated 
in common may be involved. Inhibition and antibody studies can clarify this 
further (see below). 

The N-demethylation of imipramine in different human liver microsomes 
does not correlate well with the hydroxylation of debrisoquine and 
desipramine hydroxylation (von Bahr et al. 1986). However, microsomes from 
a slow in vivo hydroxylator of debrisoquine had a low capacity to demethylate 
imipramine. A poor correlation does not exclude the possibility that the drugs 
are metabolized by the same enzyme, but in this case it is likely that at least 
one additional enzyme is involved. 
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3.3 Inhibition Studies with "Genetic Marker Drugs" 

When a drug, at defined in vitro conditions, is metabolized almost exclusively 
by one enzyme, inhibition studies may provide a useful indication of whether 
other compounds are metabolized by that enzyme. Drugs that can be regarded 
as "marker drugs" for the enzyme debrisoquine hydroxylase, also known as 
cytochrome P-450db1 (Gonzales et al. 1988), include debrisoquine (Boobis et 
al. 1983), sparteine (Inaba et al. 1985) and bufuralol (Gut et al. 1986). We have 
used desipramine as a marker drug (vonBahr et al. 1985). Debrisoquine com­
petitively inhibited the 2-hydroxylation of desipramine (Fig.2). Conversely, 
desipramine inhibited the 4-hydroxylation of debrisoquine with an ICso value 
of 35 11M. This indicates that the two reactions are catalysed by the same 
cytochrome P-450 isoenzyme. The combination of (a) a good correlation 
between the hydroxylations of desipramine and debrisoquine in various livers 
and (b) these inhibition data strongly indicates that debrisoquine hydroxylase 
is of major importance for the hydroxylation of desipramine. The fact that the 
hydroxylation of desipramine co-varies with the debrisoquine hydroxylation 
in vivo in man supports this (Spina et al. 1984). 

Interestingly, imipramine inhibited the desipramine hydroxylation com­
petitively (not shown). Debrisoquine inhibits the demethylation of im­
ipramine (von Bahr et al. 1986). These data indicate that imipramine interacts 
with debrisoquine or desipramine hydroxylase. The fairly poor correlation 
between imipramine N-demethylation, on the one hand, and the hydroxyla­
tion of debrisoquine and desipramine on the other (von Bahr et al. 1986) indi­
cates, however, that this N-demethylation is mainly catalysed by at least one 
other enzyme. Recent in vivo data in man showed that this seems to be the 
case (Bmsen et al. 1986). We have shown that purified debrisoquine or 
"desipramine hydroxylase" can catalyse the N-demethylation of imipramine, 
but at a slow rate (Birgersson et al. 1986). Also the 2-hydroxylation of im­
ipramine seems to be influenced by the slow phenotype of sparteine (and 
thereby debrisoquine) metabolism (Bmsen et al. 1986). This example il-

Fig. 2. Effect of different con­
centrations of debrisoquine on 
the rate (v) of2-hydroxylation 
from different concentrations 
of desipramine (DMl) in human 
liver microsomes. Dixon plot. 
(From von Bahr et al. 1986) 
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Table 1. Effect of neuroleptic drugs on 2-
hydroxylation of desipramine in human 
liver microsomes 

Compound 
(10 llM) 

Haloperidol 
Perphenazine 
Chlorpromazine 
Thioridazine 

% of control" 

69 
18 
54 
12 

"Microsomes were incubated with 
25 llM desipramine. 

C. von Bahr et al. 

lustrates that a drug can inhibit a marker reaction even if it is metabolized 
mainly by other enzymes. 

The antiarrhythmic drug quinidine markedly inhibits the hydroxylation of 
desipramine in vitro (von Bahr et al. 1985). Steiner et al. (1987) showed later 
that thi~ was also true in vivo. Quinine also inhibited desipramine hydroxyla­
tion in vitro and in vivo, but less efficiently than quinidine. Quinidine is not it­
self metabolized to any detectable degree by the enzyme (Guengerich et al. 
1986). This shows that in vitro experiments with human liver can predict im­
portant clinical interactions with an enzyme, even if the compound itself is not 
metabolized by the enzyme. 

Table 1 shows that the neuroleptic drugs haloperidol, perphenazine, 
chlorpromazine and thioridazine inhibit the hydroxylation of desipramine in 

50 
Timeh 

Fig. 3. Plasma concentrations of thioridazine following a single oral dose of thioridazine (25-
mg tablet) in 13 rapid (mean±SD) and 2 slow hydroxylators of debrisoquine. Apparent 
plasma half-lives (t Y2) are depicted 
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human livers in vitro. Gram and Overa (1972) have shown that perphenazine 
inhibits the in vivo hydroxylation of nortriptyline in man. Nortriptyline is 10-
hydroxylated by debrisoquine hydroxylase (von Bahr et al. 1983). Haloperidol 
also inhibits the oxidation of sparteine in man (Gram and Brasen, this 
volume). Thioridazine markedly increases the plasma levels of desipramine in 
man, probably by inhibiting the metabolism of desipramine (Hirschowitz et 
al. 1983). Thioridazine also increases the ratio between debrisoquine and 4-
hydroxydebrisoquine in the urine, indicating inhibition of the enzyme 
(Syvalahti et al. 1986). These data are not sufficient to predict whether or not 
thioridazine itself is metabolized to any quantitatively important degree by the 
debrisoquine or desipramine hydroxylase. Therefore we included to slow 
hydroxylators of debrisoquine in a pharmacokinetic study on thioridazine. 
Figure 3 shows that the two poor hydroxylators of debrisoquine had much 
higher plasma levels of thioridazine than the rapid hydroxylators. The active 
metabolite, thioridazine side-chain sulphoxide (mesoridazine), appeared in 
blood more slowly and had a longer half-life in slow hydroxylators of debriso­
quine (not shown). In this case in vitro inhibition studies were able to predict 
in vivo drug metabolic inhibition. Complementary in vivo studies in man 
showed that the metabolism of thioridazine was markedly influenced by the 
debrisoquine hydroxylation phenotype. 

3.4 Inhibition Studies with Antibodies 
Distlerath and Guengerich (1984) and Wolff et al. (1985) have used an 
antibody against the rat debrisoquine hydroxylase that specifically inhibits the 
human liver debrisoquine hydroxylase but not other cytochrome P-450 forms. 
This antibody almost completely (> 75%) inhibited the in vitro oxidation of 

100 

50 

I" 

0.5 1.0 1.5 2.0 

mg anti-P-450 UT-H/nmol P-450 

Fig. 4. Anti-rat PA50 antibody inhibition of2-hydroxylation of desipramine by human liver 
microsomes. The antibody against rat debrisoquine hydroxylase (UT-H) was added to 
human liver microsomes in increasing concentrations. Pre-immune IgG fractions did not in­
hibit the desipramine hydroxylation. The antibodies were the same as those used by 
Distlerath and Guengerich (1984) 
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debrisoquine and sparteine in human liver, only partly inhibited (30%-70%) 
the oxidation of propranolol and encainide, and did not significantly inhibit 
« 15%) the o-deethylation of phenacetin or the 4-hydroxylation of s­
mephenytoin. These two latter reactions are catalysed by other cytochrome P-
450 isozymes (Distlerath et al. 1985; Meier and Meyer 1987). Figure 4 shows 
that this antibody against debrisoquine hydroxylase inhibited the 2-
hydroxylation of desipramine (about 70%) in human liver microsomes, in­
dicating that debrisoquine hydroxylase is of major importance for 
desipramine metabolism. 

These data show that such antibodies can give information on how much 
an individual cytochrome P-450 form contributes to the overall microsomal 
metabolism of a compound. Such information is of value for quantitative 
predictions of the role of a certain cytochrome P-450 for the kinetics of a drug 
in vivo in man. If it is known that the metabolism of a drug is almost com­
pletely inhibited by an antibody that is mono specific to one enzyme, and if it 
already is known how the activity of this enzyme varies among patients, reli­
able predictions of the variability in the kinetics of a new drug can be made 
from ill vitro experiments. 

3.5 Metabolism by Purified Enzyme 

Debrisoquine hydroxylase has been purified from human liver. The purified 
cytochrome can hydroxylate debrisoquine and bufuralol (Distlerath et al. 
1985; Gut et al. 1986). We have also purified this enzyme and have found that 
it hydroxylates desipramine (Birgersson et al. 1986). The purified enzyme 
could also N-demethylate imipramine, but at a slow rate. The fact that a 
purified enzyme can metabolize a certain compound is proof that an enzyme 
can catalyse a specified reaction. However, this approach could be cumber­
some since it is very difficult to purify cytochrome P-450 from human liver. A 
large amount of liver is needed, which is not readily available to most in­
vestigators. 

3.6 Combined Use of Inhibition Studies and Antibodies 

There are four in vitro approaches that can be used for the evaluation of 
whether a drug is metabolized by a known enzyme: 

- Correlation between a new reaction and a "marker reaction" for an enzyme 
- Inhibition of a "marker reaction" by a new compound 
- Inhibition of a new reaction by a mono specific antibody 
- Metabolism by a purified enzyme 

The "correlation approach" with incubation of two drugs in many livers is 
useful and seems to predict correlations occurring in vivo. By including livers 
from subjects who have been phenotyped in vivo, the approach proves even 
stronger, especially if livers lacking a polymorphically regulated enzyme are 
included. Tissue from subjects exposed to environmental chemicals are also of 
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value. This approach may be difficult for most investigators, since tissue from 
many donors are needed. 

Inhibition studies in human liver microsomes with marker drugs are very 
useful for screening if a compound can interact with a certain enzyme. They 
also seem to have good predictive value for drug metabolic interactions occur­
ring in vivo. The approach is simple, and material from only a few livers is 
needed. Furthermore, only one analytical method for screening several com­
pounds is needed. 

Inhibition studies in intact human liver microsomes with monospecific 
antibodies are very useful for evaluation if an enzyme catalyses a reaction. 
With knowledge of how this enzyme behaves in vivo, many predictions of 
kinetics in vivo can be made. The drawback is that it may be hard to produce 
monospecific inhibitory antibodies in enough quantities in a standardized 
way. In a few years monoclonal inhibitory antibodies will probably be avail­
able for more general use. 

Work with purified human enzymes is useful, but difficult and costly. This 
approach enables the making of antibodies and synthesizing of 
oligonucleotide probes deduced from amino acid sequences. These are useful 
for evaluating the genetic mechanism regulating the enzymes (see below). 

We recommend the combined use of inhibition studies with marker drugs 
and inhibitory antibody studies with human liver micro somes as a simple ap­
proach to determine whether compounds are metabolized by a certain en­
zyme. Many compounds can be screened easily. Only one method for analyses 
of a metabolite and only a few livers are needed to obtain substantial informa­
tion that is predictive for the in vivo situation. 

4 Future Possibilities 

As shown above, the human liver bank can easily be used to identify whether a 
compound is metabolized by a known enzyme, e.g. debrisoquine hydroxylase. 

By examination of several livers one may occasionally find "outliers" with 
unusually low or high activity. The latter may be due to metabolism by an in­
duced enzyme. A very low activity may be due to an abnormal or lacking en­
zyme that is polymorphically regulated. The debrisoquine hydroxylation 
polymorphism could probably be identified in this way. 

We have identified a new human liver glutathione S-transferase (p,) and 
have found it to be present in only some livers (Warholm et al. 1980). Board 
(1981) has shown that this is due to a genetic polymorphism of the enzyme 
(GST 1). Similarily, by performing in vitro experiments with several human 
livers, Price-Evans and White (1964) showed that the in vivo polymorphic 
acetylation of sulphamethazine and isonidazide was due to a polymorphism in 
the activity of acetyltransferase in the liver. 

Modem enzyme-characterizing and molecular biology techniques simplify 
the analyses of hereditary traits responsible for abnormal drug metabolism. 
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By purifying the enzymes antibodies can be made, amino acid sequences 
determined, and oligonucleotide probes deduced from these and synthesized. 
With these techniques, cDNA and expression libraries can be screened and 
cDNA for the enzyme cloned. Gonzalez et al. (1988) have used such ap­
proaches and characterized the molecular mechanisms behind debrisoquine 
hydroxylation. Such approaches can be used to clarify the relationship 
between phenotype and genotype and to elucidate whether a deficient enzyme 
activity is due to a lacking or an abnormal enzyme. Further work is needed to 
elucidate whether probes against DNA isolated from peripheral blood cells 
can be used as a simple diagnostic test for poor hydroxylation of debriso­
quine. If this is possible, patients at risk for dose-dependent adverse reactions 
could easily be identified prior to therapy and given lower drug doses. 

Acknowledgement. We wish to thank Dr Anders Liden for analysing the thioridazine plasma 
levels. 
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Inhibitors of the Microsomal Oxidation of 
Psychotropic Drugs: Selectivity and Clinical Significance 

L. F. GRAM and K. BR0sEN 1 

1 Introduction 

The use of human liver microsomal preparations as a tool in drug metabolism 
research has potentials in a number of areas, not least in pharmacogenetics. 
The testing of different compounds for their ability competitively to inhibit 
the oxidation of model compounds such as sparteine/debrisoquine or 
mephenytoin is a particularly useful primary screening procedure (OUon et al. 
1983,1984; Boobis et al. 1983; von Bahr et al. 1985; Inaba et al. 1984,1985; see 
Table 1). Substances not acting as inhibitors of the sparteine/debrisoquine 

Table 1. The sparteineJdebrisoquine oxygenase: in vitro 
competitive inhibitors and co-segregation in phenotyped 
subjects 

In vitro 
inhibition 

+ 

+ 

In vivo 
co-segregation 

+ 
+ 

Drug 
examples 

Antipyrine 
Mephenytoin 
Sulphamethazine 
? 
Tricyclics 
Metoprolol 
Timolol 
Quinidine? 
Haloperidol? 

oxygenase can safely be excluded as substrates of this P450 isozyme and will, 
accordingly, not exhibit the corresponding monogenetic polymorphism in 
metabolism in vivo. There appear to be no false negatives contradicting this 
assumption. However, if a compound is extensively bound to tissue com­
ponents in the in vitro preparation, apparent high K j values may lead t9 the er­
roneous conclusion that the compound is a weak in vitro inhibitor. Among 
the substances that act as competitive inhibitors of this oxygenase (Table 1), 
several different tricyclic antidepressants and f:1-blockers are notable sub­
strates of this oxygenase and show in vivo the corresponding oxidation 
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polymorphism, at least for one metabolic pathway. The in vitro inhibition is 
also reflected in vivo: imipramine treatment caused a moderate increase in 
sparteine and debrisoquine metabolic ratio (MR) in patients, without chang­
ing their phenotype (Bresen et al. 1986). 

Cimetidine is a nonspecific, potent in vivo inhibitor of the oxidation 
of many drugs (Somogyi and Gugler 1982), including some psychotropic 
drugs such as diazepam (Klotz and Reimann 1980) and imipramine (Wells 
et al. 1986). Cimetidine is not a potent in vitro inhibitor of the 
sparteine/debrisoquine oxygenase or the mephenytoin oxygenase (Inaba et al. 
1985) and appears to act by non-substrate binding to the heme moiety of dif­
ferent P450 isozymes. Cimetidine is not discussed further in this chapter. 

2 Quinidine 

As shown in Table 2, some drugs, in particular quinidine, are extremely potent 
inhibitors of the sparteine/debrisoquine oxygenase. This inhibitor potency 
was reflected in vivo in patients on therapeutic quinidine doses 
(600-800 mg/day) with quinidine plasma concentrations of 2-7 IlM, who were 
transformed into phenotypically poor metabolizers with practically abolished 
oxidation of sparteine or debrisoquine (Fig. 1; Brinn et al. 1986; Bresen et al. 
1987). Data from volunteer studies (Boobis et al. 1988) indicate that quinidine 
doses as low as 5 mg can cause an increase in the sparteine or debrisoquine 
MR by a factor of 2-6. It can be inferred from these studies that quinidine 

Table 2. Potency of various drugs acting as competitive inhibitors of the sparteine/debriso­
Quine oxygenase 

Drug Apparent K; (1lM) Substrate" Reference 

Amitriptyline 50 SP Otton et al. (1983) 
Nortriptyline 15 SP Otton et al. (1983) 
Imipramine 40 SP Otton et al. (1983) 
Desipramine 8 SP Otton et al. (1983) 

Chlorpromazine 7 SP Inaba et al. (1985) 
Chlorpromazine 6 DMI v. Bahr et al. (1985) 
Thioridazine 0.75 DMI v. Bahr et al. (1985) 
Haloperidol 1 SP Inaba et al. (1985) 

Metoprolol 18 SP Otton et al. (1984) 
Propranolol 15 SP Otton et al. (1984) 
Timolol 18 SP Otton et al. (1984) 
Bufarolol 7 DB Boobis et al. (1983) 

Quinidine 0.06 SP Otton et al. (1984) 
Quinidine 0.07 DB Inaba et al. (1984) 

a Substrate: SP, sparteine; DMI, desipramine; DB, debrisoquine. 
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METABOLIC 
RATIO 

500 

SPARTEINE 
(n=8) 

DEBRISOQUINE 
( n=7) 

300 
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Fig. I. Patients' metabolic 
ratio of sparteine and debriso­
quine before ( - Q) and during 
( + Q) treatment with 
quinidine (~OO mgjday). 
Open circles, before quinidine 
( -Q);filled circles, during 
quinidine ( + Q). (Data from 
Brinn et al. 1986, for spartei­
ne; Brasen et al. 1987, for de-

+Q brisoquine) 

Table 3. Studies on the role of the sparteinejdebrisoquine oxygenase for the oxidation of 
quinidine 

Human liver microsomal preparations: 

Panel study in sparteine extensive (n = 3) 
and poor metabolizers (n = 3) 

Panel study in sparteine extensive (n = 4) 
and poor metabolizers (n =4) 

Steady-state levels in quinidine-treated 
patients phenotyped prior to treatment 

No effect of sparteine on the formation of 
3-0H-quinidine or the overall disappear­
ance rate of quinidine (Otton et al. 1988) 

No difference in total clearance after single in­
travenous dose of quinidine (Mikus et al. 
1986) 

No difference in total clearance but 20% 
lower 3-0H-clearance in poor metabolizers 
after single oral dose of quinidine (Brasen et 
al. (1989) 

3-0H-Quinidinejquinidine ratio lower in a 
poor metabolizers (0.09; n = 1 ).than in any 
ofthe extensive metabolizers (0.10-0.53; 
n = 7)(Brinn et al. 1986) 
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doses of 10~200 mg/day are sufficient to increase the MR by a factor of 
about 50. To what extent quinidine is a substrate of the sparteine/ 
debrisoquine oxygenase has been examined in several studies (Table 3). 
Generally, these studies suggest that quinidine is eliminated via other routes, 
but it appears possible that 3-0H-quinidine formation may be mediated via 
the sparteine/debrisoquine oxygenase, at least partly. 

Since quinidine acts as an inhibitor at very low concentrations, it may be 
expected that a selective blockade of the sparteine/debrisoquine oxygenase 
can be obtained at these low concentrations. So far only few studies have ad­
dressed the question of selectivity in inhibitory action. The metabolism of 
antipyrine, which is an established non-substrate of the sparteine/ 
debrisoquine oxygenase (lnaba et al. 1985; Bertilsson et al. 1980) has been 
shown not to be influenced by quinidine (Boobis, personal communication). 
In a recent volunteer study with single doses of imipramine and desipramine 
(Bresen and Gnam 1989), we found that co-administration of quinidine 
(200 mg/day) to extensive metabolizers of sparteine leads to a quite precise 
mimicking of the pattern of metabolism seen in poor metabolizers, i.e. a 
drastically reduced rate of 2-hydroxylation and an unchanged or slightly 
reduced imipramine demethylation. Quinidine at low doses thus appears to be 
a promising tool for testing oxidation of a drug via the sparteine/debrisoquine 
oxygenase, but a wider testing of its selectivity is required (Speirs et al. 1986; 
Bresen and Gnam). 

3 Neuroleptics 

As shown in Table 2, several neuroleptics are potent in vitro inhibitors of the 
sparteine/debrisoquine oxygenase. In the following, the questions of in vivo 
potency, inhibitor selectivity, and the extent to which the neuroleptics are a 
substrate ofthe sparteine/debrisoquine oxygenase will be discussed. 

Sylvalahti et al. (1986) carried out debrisoquine tests in a large sample of 
psychiatric patients and compared the results for groups on different 
psychotropic medication. A striking finding was that patients on levo­
mepromazine or thioridazine had a much higher MR with about 40% of the 
patients appearing as phenotypically poor metabolizers. Patients on other 
drugs (antidepressants, benzodiazepines, antiepileptics) showed normal MR 
values. 

In a recent study at the University of Caen in France (Gram et al. 1989), 
this problem was addressed by carrying out sparteine tests before (MRJ and 
during (MRd) haloperidol administration, given in an initial fixed dose 
(10 mg/day) for 1 week and then at a dose two to four times higher. A linear 
relationship between the haloperidol plasma level and the log MRd/MRc was 
found. At the highest haloperidol levels (6~80 nM) the MR increased by a 
factor of about 50. No extensive metabolizers were transformed to poor 
metabolizers in this study. 
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Table 4. Inhibition of the sparteine oxygenase: inhibitor concentrations in vitro and in vivo 

In vitro 

(human liver) 
Ki(nM) 

Quinidine 60' 
Haloperidol 1000' 

• Inaba et al. (1985). 
b Brinn et al. (1986); Boobis et al. (1988). 
e Gram et al. (1989). 

In vivo 

Free plasma Degree of 
concentration inhibition 
(nM) (MR.JMRe) 

100b SOb 
8e 50 e 

Free plasma concentrations have been estimated on the basis of data reported in the litera­
ture on protein binding: free fraction of quinidine ~ 20% (Ochs et al. 1980), free fraction of 
haloperidol ~ 10% (J0rgensen 1986). MR, Metabolic ratio = (excretion of 
sparteine)/(excretion of dehydrosparteines) before drug treatment (control, MRe) and during 
drug treatment (drug, MRd). 

As shown in Table 4, the in vivo potency assessed from the free plasma 
concentration appeared to be much higher for haloperidol than for quinidine. 
This is in marked contrast to the in vitro data, which suggest that quinidine is 
by far the more potent inhibitor. We can not readily explain these results, 
which illustrate the general problems in transferring in vitro experimental con­
centrations to clinically effective concentrations (Gram et ai. 1987). The lack 
of direct concentration measurements in the in vitro setting and the unknown 
ratio between free blood concentration and intrahepatocyte concentration are 
some of the factors to be accounted for. 

The haloperidol steady-state level on the initial fixed dose was about the 
same in one poor metabolizer and in nine extensive metabolizers (all 
phenotyped before treatment). This could indicate that haloperidol is not 
metabolized to any extent by the sparteine/debrisoquine oxygenase, but larger 
patient samples or panels will be required to settle this issue definitely. As 
reported recently (von Bahr et aI., this volume; Dahl-Puustinen et ai. 1988), 
data on thioridazine and perphenazine suggest a co-segregation with the 
sparteine/debrisoquine oxidation. 

4 Neuroleptics as Inhibitors of the Metabolism of Antidepressants 

The dominant role of the sparteine/debrisoquine oxygenase in the hydroxyla­
tion of tricyclic antidepressants and the inhibitory effect of neuroleptics on 
this P450 isozyme points back to the observations we made in the early 1970s, 
that neuroleptics are potent inhibitors of the metabolism of tricyclic 
antidepressants (Gram et ai. 1971; Gram and Overa 1972; Gram 1975). These 
findings have subsequently been confirmed by several groups (Olivier-Martin 
et ai. 1975; Vandel et ai. 1979; Nelson and latlow 1980; Siris et ai. 
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Fig. 2. Urinary excretion of imipramine/desipramine, the primary non-conjugated 
metabolites and the glucuronide fraction after single doses of [l4C]imipramine or 
[l4C]desipramine in patients 1 h before (0-0) and during treatment with perphenazine 
(e--e). IP, Imipramine; DMI, desipramine; IP-OH, 2-0H-imipramine; DMI-OH, 2-0H­
desipramine; IPNO, imipramine-neoxide. (From Gram 1975) 
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Fig. 3. Plasma concentration of imipramine, desipramine and the corresponding non­
conjugated 2-hydroxymetabolites during imipramine treatment before and during con­
comitant treatment with perphenazine and levopromazine. (From Bmsen et al. 1986) 
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1982). Several neuroleptics, both phenothiazines, thioxanthenes, and 
butyrophenones appear to be potent inhibitors of the metabolism of typical 
tricyclic antidepressants, such as imipramine, desipramine, amitriptyline and 
nortriptyline. These neuroleptics include chlorpromazine, perphenazine, 
thioridazine, levomepromazine, fluphenazine, chlorprothixene and halo­
peridol. Studies on the effect of perphenazine on formation and excretion of 
metabolites of imipramine and desipramine suggested that the major effect 
was an inhibition of the 2-hydroxylation of imipramine and, in particular, 
desipramine (Fig. 2; Gram 1975). This has been confirmed in studies on im­
ipramine metabolite levels in plasma (Bmsen et al. 1986). These studies also 
showed that the demethylation of imipramine, leading to formation of 
desipramine, was unaffected by the co-administration of neuroleptics (Fig. 3). 
These findings are compatible with the view that the neuroleptics act as rela­
tively selective inhibitors of the sparteine/debrisoquine oxygenase. Since the 
earliest report on this interaction using steady-state plasma level measure­
ments (Gram 1977; Nelson and Jatlow 1980), it has become clear that this ef­
fect of neuroleptics is often quite pronounced. In elderly depressed patients 
given additional treatment with perphenazine 8-16 mg/day, a 50%-200% in­
crease in steady-state levels of imipramine plus desipramine or nortriptyline 
was seen (Gram et al. 1984). 

In conclusion, neuroleptics cause a pharmacokinetically well documented 
and clinically significant inhibition of the metabolism of tricyclic antidepres­
sants. In light of the frequent use of this drug combination, particularly in 
delusional depressions (Gram et al. 1984), it is strange that this interaction is 
not generally acknowledged. Even in recent issues or leading textbooks on 
pharmacotherapy (Gilman et al. 1985; Speight 1987), no mention of this inter­
action may be found. 
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Pharmacogenetics of Antidepressants * 

F. SJOQVIST 1 

1 Introduction 

The metabolism of tricyclic antidepressants is catalysed by the cytochrome P-
450 family of isozymes. The tertiary amines amitriptyline, imipramine and 
chlorimipramine are ail demethylated to active secondary amines. Des­
methylimipramine and nortriptyline, on the other hand, are hydroxylated in 
aromatic and benzylic positions, respectively. The latter involves the forma­
tion of two isomers, E and Z, each of which occurs in the R and in the S form. 
These metabolic changes modify the effects of the drugs on monoaminergic 
neurons. 

It has now been confirmed in independent studies from different countries 
that the clinical effects of many tricyclic antidepressants are concentration 
dependent, and that the best therapeutic outcome in endogenous depression is 
obtained within relatively well-defined ranges of plasma concentrations 
(Sjoqvist et al. 1980; Asberg 1983; Gram et al. 1984; Perry et aI. 1987). Serious 
toxicity usually occurs at concentrations well above the therapeutic ranges 
(Gram 1977). Monitoring of drug plasma levels is particularly important in 
patients with extreme rates of drug oxidation. It would therefore be of interest 
to find means to diagnose individuals who might fall outside the "therapeutic 
window" when treated with commonly recommended doses. Here, we report 
our attempts to find such predictors using a pharmacogenetic research 
strategy. 

2 Early Pharmacogenetic Observations 

Our early studies of the pharmacokinetics of tricyclic antidepressants revealed 
a pronounced inter-individual variability in the steady-state plasma con­
centrations obtained on fixed dosage schedules. Already in the first study we 
found two outliers with markedly higher plasma concentrations than among 
the other subjects. We therefore speculated that pharmacogenetic factors 
governed the hydroxylation of these drugs (Hammer and Sjoqvist 1967). Twin 
and family studies clearly established that the steady-state plasma concentra-
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tion is under genetic control but suggested polygenic rather than monogenic 
mechanisms (Alexanderson et al. 1969; Asberg et al. 1971). This would be in 
keeping with the fact that the steady-state plasma concentration is dependent 
on several kinetic and metabolic factors. Alexanderson (1972a, b, 1973) was 
the flrst to study the clearance of a drug by hydroxylation in a 
pharmacogenetic perspective. He demonstrated a ten-fold difference between 
healthy twin volunteers in their capacity to hydroxylate nortriptyline, which is 
the rate-limiting step in its elimination. Signiflcant intra-pair similarities were 
found in the ability of non-drug-exposed identical twins to dispose of nortrip­
tyline, compared to non-identical twins (Fig. 1). 

An early observation in this work was that the different tricyclic 
antidepressants behaved similarly within an individual (Hammer et al. 1969). 
Thus the plasma clearance and the steady-state plasma concentration of the 
two secondary amines desmethylimipramine and nortriptyline, which are 
hydroxylated, covaried within individuals. The same was true for the recipro­
cal plasma levels of the tertiary amines amitriptyline and chiorimipramine, 
which reflect their rates of demethylation (Table 1). These studies clearly indi­
cated that the hydroxylating and demethylating enzymes involved in these 
reactions could not distinguish between the pair of substrates used. 
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Table 1. intra-individual correlations between the kinetics of tricyclic antidepressants. (From 
Sjoqvist and BertiIsson 1984) 

Variable Drug 1 Drug 2 No. of r p 
individuals 

Plasma half-life DMI NT 8 0.88 <0.005 
(single dose) 

Plasma clearance DMI NT 8 0.90 <0.005 
Observed mean DMI NT 11 0.94 <0.001 

steady-state 
concentrations 

Reciprocal plasma levels AT CI 15 0.87 <0.001 
Reciprocal plasma levels NT DMCI 15 0.77 <0.001 

of demethylated meta-
bolites formed from 
ATandCI 

DMI, Desmethylimipramine; NT, nortriptyline; AT, amitriptyline; CI, chlorimipramine; 
DMCI, desmethy1chIorimipramine. 

3 The New Pharmacogenetics 

After the independent discoveries of the debrisoquine and sparteine oxidation 
polymorphisms (Mahgoub et al. 1977; Eichelbaum et al. 1979) we decided to 
explore further the mechanisms involved in the oxidation of tricyclic 
antidepressants by using individuals whose oxidation phenotype had been 
determined with debrisoquine. This was of particular interest in view of the 
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Fig.2. Distribution of the metabolic ratios (MR) between the urinary concentrations of 
debrisoquine and 4-hydroxydebrisoquine in the urine of 757 Swedish healthy volunteers. An 
antimode at metabolic ratio 12.6 distinguishes rapid and slow hydroxylators. Patients I, II 
and III are described in the text. (Modified from Steiner et ai. 1988 a) 
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fact that both debrisoquine and nortriptyline are hydroxylated in benzylic 
positions. Up to now we have phenotyped 757 healthy Swedish volunteers 
(Fig. 2). Approximately 6%-9% of Caucasian populations are slow 
hydroxylators of debrisoquine (Steiner et al. 1988a). Family studies in Great 
Britain (Evans et al. 1980) and Sweden (Steiner et al. 1985) have shown that 
the hydroxylation of debrisoquine is controlled by two alleles at a single gene 
locus, and that slow hydroxylators are homozygous recessives. It is not pos­
sible to distinguish homo- and heterozygotic rapid hydroxylators with a 
debrisoquine test. As shown in Fig.3 the debrisoquine hydroxylation ratio 
varies markedly between obligate heterozygote rapid hydroxylators. 

We now have unequivocal evidence that individuals belonging to the slow 
phenotype are identical to those who are slow in hydroxylating nortriptyline 
and desmethylimipramine (see Sjoqvist and Bertilsson 1984, 1986). As an ex­
ample, we found a significant association between the debrisoquine 
hydroxylation index and the 10-hydroxylation of nortriptyline both in 
Swedish and Ghanaian human volunteers (Fig. 4). It was also possible to 
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demonstrate this association in vitro using human liver microsomes as the en­
zymatic source (von Bahr et al. 1982). Interestingly, only the plasma clearance 
of nortriptyline by E-10-hydroxylation correlated with the debrisoquine 
hydroxylation index while Z-1O-hydroxylation did not (Mellstrom et al. 
1981). 

In an unstratified series of human volunteers we found no apparent 
relationship between the clearance of amitriptyline by demethylation and the 
debrisoquine hydroxylation phenotype (Mellstrom et al. 1983), but there was 
a significant correlation in non-smokers, suggesting that smokers have an in­
duced demethylase that operates in addition to the debrisoquine hydroxylase 
(Mellstrom et al. 1983,1985). Previous studies have shown that the hydroxyla­
tion of amitriptyline depends on the debrisoquine hydroxylation phenotype 
(Balant-Gorgia et al. 1982). 

These studies therefore strongly suggest an association between the 
debrisoquine hydroxylation phenotype and the benzylic hydroxylation of 
nortriptyline in the E position, but also that additional hydroxylases might be 
involved in the oxidation of nortriptyline. We therefore decided to perform 
similar studies with desmethylimipramine, the main metabolite of which is 
hydroxylated in the phenolic position. We found the ratio between des­
methylimipramine and 2-0H-desmethylimipramine in 24-h urinary specimens 
to correlate strongly with the debrisoquine hydroxylation index (Spina et al. 
1987 b). Both the total plasma clearance of desmethylimipramine and the 
clearance by 2-hydroxylation were found to covary with the debrisoquine 
hydroxylation index (Fig. 5). These observations have been confirmed in in­
dependent studies by Bresen et al. (1986a, b), who used subjects phenotyped 
with sparteine. These authors have also demonstrated that the first-pass 
hydroxylation of desmethylimipramine is saturable in rapid but not in slow 

Total plasma clearance Plasma clearance of OMI 
of OMI Il/h/kg) by 2-hydroxylation (ml/h/kg) 

1.5 • 450 • • 
•• 

1.0 • • 300 
•• • • 

• 0.5 150 • • 
• I , • 

0 , 
0.1 0.25 0.5 1.0 2.5 5 10 25 50 100 

o ' " . , . I ~ •• , 
0.1 0.25 0.5 1.0 2.5 5 10 25 50 100 

Metabolic ratio debrisoquine/4 - hydroxydebrisoquine 

Fig.5. Relationship between the debrisoquine hydroxylation index and the total plasma 
clearance of desmethylimipramine (DMl) and clearance by 2-hydroxylation, respectively. 
(From Spina et al. 1987b) 
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Fig.6. Summary of the differences in the kinetics of desmethylimipramine (DMl) and 2-
hydroxydesmethylimipramine (HDMl) between rapid (0) and slow (_) hydroxylators (mean 
±SO). (From Steiner 1987) 

hydroxylators (Bmsen and Gram 1988). The overall differences in des­
methylimipramine kinetics between the two phenotypes are shown in Fig. 6. 

In vitro data also show that the rates of hydroxylation of des­
methylimipramine and debrisoquine correlate strongly within each individual 
liver (Spina et al. 1984). Competitive inhibition of the 2-hydroxylation of des­
methylimipramine is obtained with substrates that have been shown or sug­
gested to be oxidized by the debrisoquine hydroxylase (debrisoquine, nortrip­
tyline, metoprolol, thioridazine) but not with other drugs (von Bahr et al. 
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Fig.7. Oesmethylimipramine (DMl) kinetics before and during treatment with cimetidine in 
rapid (0) and slow (_) hydroxylators (mean ± SO). While cimetidine inhibits the hydroxyla­
tion of desmethylimipramine in rapid hydroxylators, there is no discernible effect in slow 
hydroxylators. (Data from Steiner and Spina 1987) 
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1985). This is in keeping with the preliminary physical characteristics of 
purified human desmethylimipramine-2-hydroxylase (Birgersson et al. 1986; 
Ingelman Sundberg, personal communication), which seem to agree with 
those described for debrisoquine hydroxylase (Gut et al. 1986). 

Using inhibitors of drug metabolism we were able to demonstrate another 
clinically important difference between the two phenotypes. Thus, cimetidine 
(Fig. 7) and quinidine markedly decreased the hydroxylation of des­
methylimipramine in rapid but not in slow hydroxylators (Steiner and Spina 
1987; Steiner et al. 1988b). Quinidine is a potent inhibitor of both 
desmethylimipramine-2-hydroxylation and debrisoquine-4-hydroxylation in 
vitro (for references see von Bahr et al. 1985). 

4 Discussion 

Tricyclic antidepressants fulfil two criteria: (a) their metabolism depends on 
the debrisoquine/sparteine type of polymorphism and (b) their clinical effects 
correlate with plasma drug levels (Asberg 1983; Perry et al. 1987). With the 
use of nortriptyline, approximately 65% of patients with endogenous depres­
sion achieve plasma concentrations within the so-called therapeutic window 
(50-150 ng/ml) on a dosage of 50 mg t.i.d. while very rapid and very slow 
hydroxylators fall outside this range (Fig. 8). It would be of considerable value 
if these patients could be identified before selecting the initial dosage schedule. 
Since the majority of patients respond to a commonly recommended dose, 
therapeutic drug monitoring could be reserved for patients with extreme rates 
of drug oxidation. Such patients might be diagnosed by measuring the ratio 
between desmethylimipramine and 2-0H-desmethylimipramine in urine (after 
a single oral dose). Spina et al. (1987a) have shown that this ratio varies al­
most 100-fold between patients, and that it correlates significantly with 
steady-state plasma concentrations of desmethylimipramine in patients 
treated with either desmethylimipramine or the parent drug imipramine 
(Fig. 9). The desmethyIimipramine/2-0H-desmethyIimipramine ratio should 

Fig.S. Distribution of nortriptyline 
plasma concentrations in depressed 

20 

patients treated with 50 mg ti.d. The 10 
therapeutic effect is usually obtained 
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Fig.9. Relationship between the desmethylimipramine hydroxylation index (DMI/2-0H­
DMl) and the steady-state plasma levels of imipramine (IMI; r.=0.41; n= 16; NS; left panel) 
and desmethylimipramine (DMI; r.=0.85; n= 16; p<0.01; right panel) in 16 patients on 
chronic treatment with imipramine, 75 mg daily by mouth. (From Spina et aI. 1987 b) 

also predict steady-state plasma concentrations of nortriptyline, the 
metabolism of which cosegregates with that of desmethylimipramine (Sjoqvist 
and Bertilsson 1984). 

The potential strength offered by the approach of prophylactically 
determining the oxidation phenotype before long-term treatment with 
tricyclic antidepressants is illustrated with three cases whose debrisoquine 
ratios are indicated in Fig. 2. Patient I was the first subject to exhibit signs of 
slow hydroxylation of desmethylimipramine by developing excessive plasma 
concentrations and side effects on a dose of 25 mg t.i.d. She was reexamined 
15 years later with a debrisoquine test and found to be a slow hydroxylator 
(patient GD in Hammer and Sjoqvist 1967). During these years she had had 
several prescriptions of psychotropic drugs and had often experienced marked 
side effects at common doses. Case II represents a similar association between 
slow hydroxylation and serious side effects (confusion, vertigo) on nortrip­
tyline 25 mg t.i.d. (Bertilsson et al. 1981). This patient needed only 20 mg per 
day to maintain plasma levels within the therapeutic window. Our third case 
represents the other extreme. It concerns a middle-aged woman who was 
treated with various antidepressants, most notably nortriptyline and amitrip­
tyline, with poor results. Very high doses had to be given in order to achieve 
an apparent therapeutic range, and it turned out that the patient was an ex­
tremely rapid hydroxylator of debrisoquine. The patient had plasma con­
centrations of the 10-0H metabolite that were ten times higher than those ob­
tained in 30 control subjects (Bertilsson et al. 1985). 

The clinical implications of the occurrence of extreme rates of drug 
hydroxylation in the population will depend largely on the shape of the 
concentration-effect relationships for each drug. Drug-metabolic phenotyping 
tests might be successfully combined with conventional monitoring of plasma 
drug levels to optimize the management of patients treated with drugs having 

• 
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concentration-dependent effects and side effects that are difficult to evaluate 
solely on clinical grounds. Tricyclic antidepressants represent a good example 
of such drugs. Phenotyping tests may also be used to predict whether or not 
drug metabolic interactions will occur in an individual. Possibly, phenotyping 
tests and, in the future, genotyping tests may be applied systematically to op­
timize the treatment with potentially toxic but useful drugs and thus save them 
from being withdrawn from the market due to inappropriate utilization. An 
important aspect of pharmacogenetics is that inter-ethnic differences have 
been demonstrated in the occurrence of slow hydroxylators of debrisoquine 
and mephenytoin. This may turn out to be of importance for the therapeutic 
"reputation" of a drug in different parts of the world. 
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Pharmacokinetic and Clinical Significance of 
Genetic Variability in Psychotropic Drug Metabolism * 

K. BR0SEN and L. F. GRAM 1 

1 Introduction 

The discovery of a common genetic polymorphism in the oxidation of 
sparteine and debrisoquine (Mahgoub et al. 1977; Eichelbaum et al. 1979) has 
created new interest in the role of genetic factors for individual variations in 
the oxidation of psychotropic drugs, notably tricyclic antidepressants. 

In Caucasians, two phenotypes are clearly distinguished: poor 
metabolizers, who make up about 7% of the population, and extensive 
metabolizers, who make up more than 90%. The sparteinejdebrisoquine 
oxidation polymorphism expresses the activity of a distinctive isozyme of 
cytochrome P450, the socalled P450dbl, and poor metabolizers have negligible 
amounts of this isozyme (Gonzalez et al. 1988). The elimination of several 
drugs depends on P450dbl, and in poor metabolizers these drugs are either ex­
creted slowly via the kidneys or oxidized very slowly by alternative P450s. 

The discovery of the sparteinejdebrisoquine oxidation polymorphism has 
had a tremendous impact on biochemical drug metabolism research, but the 
consequences of this research for the practical use of psychotropic as well as 
other drugs are still limited. 

2 Clinical Significance ofthe Sparteine/Debrisoquine 
Oxidation Polymorphism 

Individual variations in the oxidation of psychotropic drugs are often in­
convenient from a clinical point of view. A genetic polymorphism is a special 
case in which the extreme variability is due to genetic inheritance. This is not a 
particular disadvantage, since the optimal treatment or dosage can be 
predicted from determination of the patient's phenotype. The clinical sig­
nificance of the sparteinejdebrisoquine oxidation polymorphism may thus be 

* This paper has in part been draftet within the aims of the European concerted action, the 
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and/or Patients for Phase I and II studies in Drug Development". 
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Fig.I. Factors and mechanisms that determine the clinical significance of the sparteine/ 
debrisoquine oxidation polymorphism 

defined according to the usefulness of phenotyping patients prior to the treat­
ment with a particular drug. 

The elimination of more than 20 different drugs depends on P450dbl, but 
several of these are either unimportant or obsolete. The pharmacopolitical 
aspects of the discussion (see Fig. 1) involve the restriction of psychotropic 
drugs to those that are essential and universally available for the treatment of 
particular psychiatric disorders. The clinical significance in relation to a 
particular drug should be analysed in three steps. Firstly, are the elimination 
kinetics of the drug significantly dependent on P450dbl? If so, is the resulting 
variability in plasma concentrations important to the safety and efficacy of 
the drug? And, finally, is it possible to carry out dose adjustments according 
to the clinical or paraclinical effects of the drug? 

3 Drug Elimination Kinetics and P450dbl 

Sparteine, debrisoquine, dextromethorphan or another test drug of choice 
may be used for phenotyping. The poor-metabolizer phenotype is defined by a 
metabolic ratio (ratio of amount of parent compound to that of metabolite) in 
an 8- to 12-h urine sample of >20 for sparteine, > 12.6 for debrisoquine and 
>0.3 for dextromethorphan (antimodes). The phenotype can predict the total 
elimination of a drug only if the drug and/or its active metabolite is a substrate 
for P450dbl and elimination via alternative P450s; non-oxidative metabolism 
or excretion of unchanged drug does not take place in extensive metabolizers . 
. These criteria are approximately met by tricyclic antidepressants (Table 1), as 



194 K. Bmsen and L. F. Gram 

Table 1. Elimination psychotropic drugs in relation to the sparteine/debrisoquine oxidation 
polymorphism 

Biotrans­
formation 

Consequence for 
poor metabolizers 

Accumulation 
of drug 

Accumulation 
of active 
metabolite 

Accumulation of 
drug and active 
metabolite 

Drug 

Nortriptyline 
Desipramine 

Clomipramine 
Perphenazine 
Thioridazine 

Imipramine 
(active metabolite: 
desipramine) 

Amitriptyline 
(active metabolite: 
nortriptyline) 

Reference 

Bertilsson et al. (1980) 
Bertilsson and 

Aberg-Wistedt (1983) 
Balant-Gorgia et al. (1986) 
Dahl-Puustinen et al. (1989) 
von Bahr et al. 

(this volume) 

Br0sen et al. 
(1986a, b) 

Mellstrom et al. 
(1983) 

D, Drug; Ma, active metabolite; Mb , Me' other oxidative metabolites 
¢, important pathways; ., less important pathway; *, pathway catalysed by the P450 
which oxidizes sparteine and debrisoquine (P450dbl). 

L·min-1 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o Total Demethylation Other pathways 

1------ Imiprami ne -------1 

t 

Total 

Des i pram i ne 

Fig.2. Clearance of imipramine (total and partial) and desipramine after single oral doses. 
Mean ±SD in six rapid extensive metabolizers (e), six slow extensive metabolizers (&) and 
six poor metabolizers (_). Asterisk, p<0.05 Mann-Whitney U test, extensive versus poor 
metabolizers. (Data from Bmsen et al. 1986 a; figure published in Bmsen 1988) 
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Table 2. Clinical significance ofP450dbi 

- Genetic polymorphism (sparteine/debrisoquine type) 
- Stereoselective metabolism 
- Site of interaction by inhibition (e.g. tricyclic antidepressants, neuroleptic and quinidine) 
- Saturated by therapeutic doses (e.g. imipramine and desipramine) 
- Almost uninducible 

well as by thioridazine (von Bahr et aI., this volume) and perphenazine (Dahl­
Puustinen et aI. 1989). 

Ideally, the impact of the sparteinejdebrisoquine oxidation polymorphism 
for the elimination of a given psychotropic drug should be established on the 
basis of cross-over population and family studies, but no such study has been 
performed. 

Tricyclic antidepressants and several neuroleptics are competitive in­
hibitors of sparteine and debrisoquine oxidation in human liver microsome 
preparations in vitro (Inaba et al. 1985), thereby raising the possibility that the 
drugs themselves are substrates for P450dbl (Gram and Bmsen, this volume). 
As mentioned, this has been confirmed in vivo for the tricyclic antidepres­
sants. In the typical case (e.g. desipramine; Bmsen et al. 1986a) the total 
clearance is on the average five times lower (Fig. 2) and hence the steady-state 
concentration five times higher in poor than in extensive metabolizers after 
the same dose. With the neuroleptic haloperidol there appeared to be no 
phenotype differences in the steady-state concentrations (Gram et aI. 1989), 
and it was therefore concluded that haloperidol is oxidized by other P450s 
than P450dbl. An intermediate result (e.g. imipramine; Bmsen et al. 1986 a) is 
obtained if the drug is only in part oxidized by P450dbl (Fig. 2). 

The pharmacokinetic picture is complicated by a number of confounding 
factors that may alter the relative importance of P450dbl in the individual 
patient, with the result that the predictive value of the metabolic ratio for 
elimination of a drug is reduced or even lost. The phenotype difference is in­
creased by selective induction in extensive metabolizers, but the effect is 
negligible (Eichelbaum et aI. 1986; Table 2). Conversely, P450dbl becomes less 
important by induction of alternative P450s, as suggested for amitriptyline 
demethylation in smokers (Mellstrom et al. 1983). A reduced or non-existent 
phenotype difference may also be a consequence of the functional impairment 
of P450dbl. Thus, the phenotype difference in oxidation is completely lost 
during treatment with a very potent inhibitor such as quinidine (Gram and 
Bmsen, this volume). 

Another functional characteristic of P450dbl is non-linear kinetics at 
therapeutic doses with some substrates. On oral administration the saturation 
probably takes place during the first pass through the liver (Bmsen and Gram 
1988). The consequences are illustrated in a clinical study with imipramine 
(Bmsen et aI. 1986c; Fig.3). The steady-state concentration of imipramine 
plus desipramine ranged from 89 to 1437 nM in 16 extensive metabolizers 
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patients and was 1603 nM in one poor metabolizer treated with 100 mg im­
ipramine per day. However, due to non-linear kinetics in most extensive 
metabolizers, but linear kinetics in one poor metabolizer, the 18-fold dif­
ference in steady-state concentrations was corrected by an eight-fold dif­
ference in therapeutic dose (Fig. 3; Bresen et al. 1986 c). 

4 Therapeutic Aspects of the Sparteine/Debrisoquine 
Oxidation Polymorphism 

Until now, pharmacokinetics has been the main area of research, but before 
genetic polymorphism can be said to be of possible clinical significance, a 
number of criteria related to therapeutic drug monitoring must also be met. 

Some drugs have a wide therapeutic plasma concentration range whereas 
others are easily dose-titrated according to their clinical effects (e.g. ben­
zodiazepines). Even in the case of genetic polymorphism, phenotyping or 
direct assessment of the pharmacokinetic variability is unnecessary for either 
class of drugs. The sparteine/debrisoquine oxidation polymorphism is ofpos­
sible clinical significance only if the drug has a narrow plasma concentration 
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Fig.4. Upper panel, distribution of the imipramine dose 
(mgjdg) necessary to obtain a mean (± SD) steady-state 
concentration of713 ± 132 nmoljl for imipramine plus 
desipramine in 33 depressed patients (data from Bf0sen 
et al. 1986 b). Lower panel, distribution of the nortrip­
tyline dose necessary to obtain a mean (± SD) steady­
state concentration of349 ± 121 nmoljl in 22 patients 
(Gram et al. 1989 b). Hatched bars, poor metabolizers; 
open bars, extensive metabolizers 
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range, and clinical dose titration is not possible. Thus, if there is no rationale 
for plasma concentration monitoring, there is also no rationale for phenotyp­
ing. This applies to tricyclic antidepressants where the onset of action is slow, 
and where adverse reactions are unpleasant but difficult to distinguish from 
symptoms of persistent depression (dry mouth, sedation, constipation). 

With tricyclic antidepressants there appear to be two patient groups at 
risk. One group consists of poor and of slow extensive metabolizers who show 
toxic plasma concentrations when treated with textbook-recommended doses. 
These patients often become non-compliant or drop-outs due to unpleasant 
adverse reactions. The other group consists of rapid extensive metabolizers 
who suffer from therapeutic failure due to plasma concentrations that are too 
low. The former group requires a low dose and the latter group a high dose in 
order to reach a therapeutic plasma concentration level (Fig.4). The clinical 
picture in the two risk groups is very similar: recurrent depressions that do not 
respond to treatment, simply because appropriate dose adjustments are not 
carried out. 

The distribution of therapeutic imipramine and nortriptyline doses did not 
exhibit bimodality, but poor metabolizers represented the lower extreme 
(Fig. 4). However, more than 90% of the patients are extensive metabolizers, 
and even within this phenotype there was a large variability in dose (Fig. 4). 
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The correlation between metabolic rate and imipramine dose in extensive 
metabolizers was poor although statistically significant (Bmsen et al. 1986b), 
and phenotyping could not replace plasma concentration monitoring. 

5 Conclusions and Perspectives 

The presence and functional state of a particular isozyme, P450dbl, are major 
determinants of the overall elimination of tricyclic antidepressants (Table 1), 
some neuroleptics and other drugs. The impact on the oxidation of other 
psychotropic drugs such as benzodiazepines and most neuroleptics has been 
poorly investigated. Some of the most important characteristics of P450dbl 
have been summarized in Table 2. 

A phenotyping test with sparteine, debrisoquine or dextromethorphan 
before treatment with a tricyclic antidepressant may serve as a simple and safe 
test to enable the clinician to select an appropriate initial dose. The test result 
(metabolic ratio) is not sufficiently precise to replace plasma concentration 
monitoring, but the optimal strategy for handling drug level monitoring (time 
to reach steady-state, dose-dependent kinetics and interactions with neurolep­
tics) is different in extensive metabolizers than in poor metabolizers. Thus, in 
most extensive metabolizers an appropriate initial dose of imipramine is 
200 mg per day (Fig. 4). Steady-state is reached within a few days, but achieve­
ment of the therapeutic level is hampered by dose-dependent kinetics and in­
hibition by neuroleptics (Fig.2; Gram and Bmsen, this volume). In poor 
metabolizers the appropriate initial dose is 50-75 mg per day. Due to the very 
long elimination half-life of desipramine (4-6 days; Bmsen et al. 1986a) it may 
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Fig.5. Plasma concentrations of imipramine (_), desipramine ('Y), 2-0H-imipramine (0) 
and 2-0H-desipramine (v) during treatment with different imipramine doses in 66-year-old 
man, a poor metabolizer of sparteine. (Data from Brl1lsen et al. 1986 c) 
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take several weeks before steady-state is reached (Fig. 5). Final adjustments 
are carried out on the basis of linear kinetics. Poor metabolizers show, as ex­
pected, less inhibition by other drugs, such as cimetidine and quinidine 
(Steiner and Spina 1987; Steiner et al. 1988). 

Since the rest result is valid for several tricyclic antidepressants and must 
only be performed once in a life time, the test appears to be of particular value 
for patients with recurrent depressions. 

Recent studies have shown that the sparteine/debrisoquine oxidation 
polymorphism has an impact on the elimination of thioridazine and per­
phenazine, and analogous considerations may apply to treatment of psychotic 
patients. 

However, the final epidemiological and clinical documentation for the use­
fulness of phenotyping is still lacking. As for any clinical test, its introduction 
into routine use should be implemented under continuous surveillance in a 
follow-up programme that will ultimately refine our understanding of its 
potentials and limitations. 
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Inhibition of Desipramine 2-Hydroxylation 
by Quinidine and Quinine in Rapid 
and Slow Debrisoquine Hydroxylators * 

E. SPINA 1, E. STEINER 2, E. DUMONT 2, andR. DAHLQVIST 2 

1 Polymorphic Debrisoquine Oxidation 
and Metabolism of Desipramine 

Polymorphic oxidation has been described for debrisoquine (Mahgoub et al. 
1977) and for sparteine (Eichelbaum et al. 1979). Reduced ability to oxidize 
these compounds is inherited as an autosomal recessive trait (price-Evans et 
al. 1980), and the prevalence of the slow hydroxylator phenotype varies 
between 3% and 9%, depending on the country (Eichelbaum 1982). 
Biochemical studies indicate that this polymorphism is caused by an inherited 
absence or functional deficiency of a particular cytochrome P-4S0 isozyme, 
called debrisoquine hydroxylase (Boobies et al. 1983). The oxidative 
metabolism of several other drugs has been shown to cosegregate with the 
debrisoquine/sparteine oxidation polymorphism (J acqz et al. 1986). 

The tricyclic antidepressant desipramine is metabolized by hepatic micro­
somal mono-oxygenases, mainly by 2-hydroxylation. In vivo and in vitro 
studies (Spina 1987) have unequivocally demonstrated that the hydroxylation 
of desipramine is associated with the polymorphic debrisoquine oxidation. 
Urinary ratios between desipramine and its main metabolite, 2-
hydroxydesipramine, after a single oral dose of desipramine can resolve rapid 
from slow hydroxylators (Spina et al. 1984) and significant differences in the 
pharmacokinetics of desipramine have been found between the two 
phenotypes (Spina et al. 1987). Moreover biochemical evidence supports the 
hypothesis that the hydroxylation of desipramine and debrisoquine are 
metabolized by the same enzyme (Spina et at. 1984). 

2 Effect of Quinidine on the Metabolism of Drugs Associated 
with the Debrisoquine/Sparteine Oxidation Polymorphism 
In order to investigate whether drugs interact with the debrisoquine 
hydroxylase, inhibition studies with human liver microsomes have been per­
formed. Among several compounds submitted to such in vitro testing, the 
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antiarrhythmic drug quinidine was the most potent inhibitor of sparteine (Ot­
ton et al. 1984) and debrisoquine (Speirs et al. 1986) oxidation. This inhibition 
is highly selective since quinine, the diastereoisomer of quinidine, was much 
less potent as inhibitor of such oxidative reactions. Although quinidine binds 
avidly to the isozyme, it is not metabolized by the debrisoquine hydroxylase 
(Otton et al. 1986; Mikus et al. 1986). These observations were also confirmed 
in vivo. In fact, single and multiple oral doses of quinidine dramatically in­
creased the metabolic ratios of sparteine (Inaba et al. 1986; Brinn et al. 1986) 
and debrisoquine (Inaba et al. 1986; Speirs et al. 1986; Bresen et al. 1987), 
virtually transforming rapid into slow hydoxylators. Moreover, single doses 
of quinidine inhibited the oxidation of metoprolol, another substrate for the 
polymorphic enzyme (Leemann et al. 1986). Interestingly, the inhibitory effect 
was observed in rapid but not in slow hydroxylators. 

3 Effect of Quinidine and Quinine on Desipramine Hydroxylation 

3.1 In Vitro Studies 

Using desipramine as probe drug for the polymorphic debrisoquine oxidation, 
von Bahr et al. (1985) investigated the effect of various compounds on 
desipramine hydroxylation in human liver microsomal preparations. 
Quinidine was the most potent competitive inhibitor of the reaction with an 
apparent inhibition constant (Kj ) of 0.27 JlM. Also quinine competitively in­
hibited the oxidation of desipramine, although to a lesser extent (Kj = 12 JlM). 

3.2 In Vivo Studies 

We have recently studied the effect of quinidine and quinine on the urinary ex­
cretion of desipramine and 2-hydroxydesipramine in rapid and slow 
hydroxylators (Steiner et al. 1988). Ten healthy volunteers, seven rapid and 
three slow debrisoquine hydroxylators, received 25 mg desipramine as a single 
oral dose on three occasions: before treatment, after 2 days treatment with 
quinidine (800 mg daily) and after 2 days treatment with quinine (750 mg dai­
ly). Urine was collected for 24 h and urinary concentrations of desipramine 
and total 2-hydroxydesipramine (conjugated plus unconjugated) were 
determined by HPLC using a modification (Spina et al. 1984) of the method 
described by Sutfin and Jusko (1979). The results of this study are summarized 
in Table 1. In rapid hydroxylators treatment with quinidine and quinine 
decreased the urinary excretion of 2-hydroxydesipramine by 97% and 56%, 
respectively (Fig. 1, left panel). In slow hydroxylators the excretion of 2-
hydroxydesipramine decreased significantly after treatment with quinidine 
(by 68%) but not with quinine (Fig. 1, right panel). Neither quinidine nor 
quinine modified the urinary excretion of desipramine in either phenotypic 
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Table 1. Urinary excretion of desipramine (DMI) and 2-hydroxy desipramine (2-0H-DMI) 
during the fIrst 24 h after a single oral dose of 25 mg (82.50 lllTIol) desipramine in rapid and 
slow hydroxylators 

DMI (Ilmol) 2-0H-DMI (Ilmol) DMIj2-0H-DMI ratio 

Before Qui- Quini- Before Qui- Quini- Before Qui- Quini-
treat- nine dine treat- nine dine treat- nine dine 
ment ment ment 

Rapid hydroxylators 
(n=7) 
Mean 0.78 1.02 0.92 20.86 9.19 0.69 0.04 0.14 1.65 
SD 0.55 0.89 0.31 5.76 4.25 0.36 0.04 0.13 0.80 

Slow hydroxylators 
(n=3) 
Mean 1.23 1.26 0.53 1.98 1.81 0.64 0.62 0.81 0.86 
SD 0.15 0.50 0.31 0.25 0.60 0.43 0.06 0.60 0.08 

group. Moreover, the urinary desipraminej2-hydroxydesipramine ratio of 
quinidine-treated rapid hydroxylators was even greater than that of (un­
treated) genetically slow hydroxylators. 

The most likely explanation for our findings is an inhibition of 
desipramine metabolism by quinidine and quinine, as previously described in 
human liver microsomes (von Bahr et al. 1985). Also, in vivo quinidine was 
much more efficient as inhibitor than its diastereoisomer, virtually transform­
ing rapid into slow hydroxylators. Interestingly, quinine decreased the excre­
tion of 2-hydroxydesipramine in rapid but not in slow metabolizers. This is in 
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Fig. I. Urinary recovery of 2-hydroxydesipramine (2-0H-DMl) before and during treatment 
with quinine and quinidine in seven rapid (left panel) and three slow (right panel) hydroxy­
lators. (From Steiner et al. 1988) 
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agreement with the phenotypic differences reported in the interaction between 
quinidine and metoprolol (Leemann et al. 1986) and between cimetidine and 
desipramine (Steiner and Spina 1987). On the other hand, quinidine also 
modified the excretion of 2-hydroxydesipramine in the three slow 
hydroxylators. 

From this and earlier studies we can conclude that quinidine is a strong in­
hibitor of the oxidative metabolism of drugs affected by the debriso­
quine/sparteine polymorphism. This indicates that concomitant intake of 
other compounds may drastically alter drug metabolism even when it is main­
ly determined by genetic factors, causing errors in phenotype determination. 
Moreover quinidine treatment may be associated with clinically important 
drug interactions when combined with drugs that have a metabolism 
co segregating with that of debrisoquine. Furthermore, as suggested by others 
(Leemann et al. 1986; Speirs et al. 1986), quinidine might be used as a tool to 
transform rapid into slow hydroxylators, providing a useful addition to panels 
of phenotyped subjects. New drugs under development might therefore be 
tested for this polymorphism without repeated exposure of slow 
hydroxylators. 
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Debrisoquine Oxidation Phenotype 
in Psychiatric Patients * 

J. BENiTEZ, B. PrNAS, M.A. GARCiA, C. MARTINEZ, 
A. LLERENA, and J. COBALEDA 1 

1 Introduction 

Between 5% and 10% of Caucasian populations exhibit poor metabolism of 
debrisoquine and sparteine (Clark 1985). Results obtained by our group indi­
cate that among the Spanish population the percentage of poor metabolizers 
of debrisoquine is around 6% (Benitez et al. 1988). Generally the poor­
metabolizer phenotype is at increased risk of toxicity when treated with drugs 
subjected to oxidative metabolism by the debrisoquine/sparteine type of path­
way (Idle et aI. 1983). A significant correlation between nortriptyline 
clearance and debrisoquine metabolic ratio has been demonstrated by 
Bertilsson et al. (1980). Steady-state concentrations of desipramine have also 
been shown to be highly correlated with the debrisoquine metabolic ratio 
(Bertilsson and Aberg-Wistedt 1983; Spina 1987). 

It has been shown in biochemical studies that nortriptyline, desipramine, 
mupramine, amitriptyline and chlorpromazine inhibit the 
sparteine/debrisoquine mono-oxygenase in human liver preparations (Otton 
et aI. 1983; Inaba et al. 1984). In another study by Inaba et al. (1985), several 
drugs used in the treatment of psychosis, such as chlorpromazine and 
haloperidol, were shown to inhibit the oxidation of sparteine in human liver 
preparations. A study by Syvalahti et al. (1986) comparing patients with and 
without neuroleptic treatment, suggested a competitive inhibition of oxidative 
metabolism by neuroleptics. The present study provides further in vivo 
evidence of such effects of neuroleptics on debrisoquine hydroxylation. 

2 Methods 

A total of122 patients (95 men and 27 women) participated in the study. Their 
ages ranged from 19 to 72 years (mean 38.7 years). The study was conducted 
in accordance with the Helsinki Declaration. All patients were treated with 
neuroleptic drugs; the average number of drugs per patient was 1.6 (range, 
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1-4). The control group consisted of 601 healthy volunteers, most of them stu­
dents and staff at our Medical School. Their ages ranged from 18 to 83 years 
(mean 26 years). None of them had been taking any medication for at least 2 
weeks before the study. 

After an overnight fast, each patient or healthy volunteer emptied the 
bladder and was given a 10-mg tablet of debrisoquine (Dexlinax, Hoffman-La 
Roche). Thereafter, all urine was collected for 6 h. The voluine of each 
specimen was measured, and an aliquot was stored at - 20°C until assayed. 

The urine concentrations of debrisoquine and 4-hydroxydebrisoquine 
were determined by the flame ionization gas chromatographic method de­
scribed by Lennard et al. (1977). Individual rates of metabolism were ex­
pressed as the ratios of parent drug and metabolite urinary concentrations. 

3 Results 

The debrisoquine metabolic ratio was 3.5±0.5 (mean ±SE) in the control 
group of 601 healthy volunteers. Of these, 35 were poor metabolizers of 
debrisoquine (metabolic ratio ~ 12.6). 

Table 1. Poor metabolizers (PM) among patients on 
neuroleptic monotherapy plus other drugs 

Neuroleptic n PM % 

Levomepromazine 11 5 45.5 
Pericyazine 5 0 0 
Thioridazine 16 10 65.5 
Haloperidol 5 1 20.0 
Clozapine 5 0 0 
Clothiapine 5 0 0 
Chlorpromazine 2 2 100 
Fluphenazine 2 1 50 
Thioproperazine 1 0 0 
Trifluperazine 1 1 100 
Sulpiride 0 0 

Table 2. Poor metabolizers (PM) among patients on 
monotherapy 

Neuroleptic n PM % 

Levomepromazine 4 2 50.0 
Pericyazine 1 0 0 
Thioridazine 6 5 83.3 
Haloperidol 1 0 0 
Clozapine 4 0 0 
Clothiapine 2 0 0 
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Fig. I. Frequency distribution of log debrisoquine metabolic ratio in 601 healthy sUbjects. 
Solid bars, poor metabolizers, open bars, extensive metabolizers 
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Fig.2. Frequency distribution ofiog debrisoquine metabolic ratio in 122 psychiatric patients. 
Solid bars, poor metabolizers; open bars, extensive metabolizers 

The patients receiving neuroleptics had a significantly higher mean 
metabolic ratio (19.1 ± 2.4;p<0.01), 50 of them having a value of at least 12.6. 
The percentage of poor metabolizers was 65.7% for those receiving 
thioridazine (n = 38), 60% with fluphenazine (n = 30), 50% with 
levomepromazine (n = 38) and 24.2% with haloperidol (n = 33). The frequency 
of poor metabolizers among patients on neuroleptic monotherapy plus other 
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drug and those on pure monotherapy with only one neuroleptic, are presented 
in Tables 1 and 2, respectively. The distribution of metabolic ratios among 
healthy subjects and patients are shown in Figs. 1 and 2, respectively. 

Metabolic ratios were not higher in patients on monotherapy with 
clozapine or clothiapine than in the control group. 

4 Discussion 

The findings presented here show that the hydroxylation of debrisoquine is 
decreased in patients receiving common clinical doses of some neuroleptics. 

The decreased oxidation of debrisoquine does not seem to be connected 
with the underlying disease, according to the results reported by Syvalahti et 
al. (1986). Their patients who were not receiving neuroleptic treatment, had 
normal low metabolic ratios. Inaba et al. (1984, 1985) have shown that chlor­
promazine, haloperidol and some other neuroleptic drugs inhibit sparteine 
oxidation in vitro. Syvalahti et al. (1986) found a greater proportion of poor 
tnetabolizers among patients treated with thioridazine and levomepromazine 
than expected on the basis of results in healthy volunteers. This is confirmed 
by our results. Moreover, our study shows similar results for fluphenazine 
and, to a lesser extent, also for haloperidol. These effects are somewhat similar 
to, albeit more pronounced than, those found by Nordin et al. (1985) in 
depressed patients phenotyped with debrisoquine during and after nortrip­
tyline treatment. 

Nevertheless, we found no poor metabolizers among patients whose antip­
sychotic therapy was with clozapine or clothiapine only. Therefore, we could 
say that it is mainly the phenotiazines, and to a lesser extent haloperidol, 
among the neuroleptic drugs that interfere with debrisoquine oxidation. 
Neuroleptics of the dibenzodiazepine and dibenzothiazepine classes probably 
do not interfere, or at least not in a pronounced way. This would suggest that 
these two groups of drugs could be used instead of phenothiazines when 
dangerous interactions are expected, although more studies are needed before 
such a conclusion can be generalized. In addition, of course, side effects must 
be taken into account. 
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Role of Pharmacogenetics in Drug Development 

L. P. BALANT 1 and A. E. BALANT-GORGIA 2 

1 Introduction 

Among the factors which hinder the introduction of a new drug onto the 
market, a narrow therapeutic range combined with large inter-individual 
variations in pharmacokinetics is of major concern. For a compound with 
these qualities, it may be expected that a proportion of the patient population 
receiving a standard dose will develop unwanted side effects related to higher 
than norma:! blood concentrations of the active substance, whereas other 
patients may show an apparent non-response due to unusually low concentra­
tions. 

It is now well recognized that drugs are eliminated by metabolic routes 
that are under genetic control. Some of these metabolic pathways show a dis­
tribution in their activity that allows patients and healthy volunteers to be 
classified into distinct subpopulations. Among the best studied routes show­
ing genetic polymorphism are the sulphonamide type of acetylation and the 
debrisoquine type of hydroxylation. The latter is known as the debriso­
quine/sparteine-type polymorphism of drug oxidation. It has a considerable 
incidence in the population, with 5% to 10% of investigated Caucasians fall­
ing into the category of poor hydroxylators (Alvan et aI., in preparation; 
Eichelbaum 1982; Evans et al. 1980; Lennard et aI. 1986). Other oxidative 
reactions seem to be independently polymorphically regulated; among these is 
mephenytoin hydroxylation. 

The clinical relevance of such genetic variability depends strongly on the 
therapeutic class of the compound and on the concentration-effect 
relationships for the desired and the unwanted effects (Bresen and Gram, this 
volume). Thus, P-blocking agents which display a large therapeutic margin 
can be used almost regardless of the patient's phenotype: large inter­
individual variations of the steady-state blood concentrations are probably of 
minor clinical significance and certainly do not warrant blood concentration 
monitoring. In contrast, it is now generally recognized that for tricyclic 
antidepressants, blood level monitoring is important for the prevention of un-
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wanted side effects and therapeutic failures, although this point of view is still 
not universally held. 

In the present pharmaco-political context, the benefit to risk ratio for a 
new drug must be very stringently assessed. This may lead the pharmaceutical 
industry to stop the development of potentially important new chemical sub­
stances, for which early studies in man indicate the possibility of a higher than 
expected incidence of side effects or difficulties in managing the differences in 
dose requirements between different patients. The present paper discusses 
whether genetic polymorphism in drug metabolism represents an important 
factor in determining the overall benefit to risk ratio, and proposes sugges­
tions as to how this problem may be handled during the development of a new 
drug. For practical reasons, examples will be limited to drugs associated with 
the debrisoquine/sparteine polymorphism of oxidative drug metabolism. 

2 Inter-Individual Variability in Drug Response Linked 
to Ge~etic Polymorphism in Drug Metabolism 

Any kind of genetic polymorphism in the disposition of a drug has the poten­
tial to enhance inter-individual variability in the pharmacokinetics of that 
drug. The dispersion on any relevant kinetic parameter is likely to be greater 
when the overall variation on the parameter is due to the existence of more 
than one discrete subpopulation than in the polygenic case, where there is a 
single population. As a rule, distributions in the former case tend to be highly 
skewed or bimodal, whereas in the latter case they tend towards normality. 
However, the likely extent and consistency of such variability are difficult to 
predict from published information. 

Non-linear kinetics have been reported for the disposition of imipramine. 
Such dose-dependent behaviour contributes substantially to the variability of 
steady-state concentrations of imipramine and desipramine, although its 
relationship to the hydroxylation status of the patients has not been 
established (Bmsen et al. 1986). In other circumstances, non-linear kinetics 
could be related to the debrisoquine/sparteine phenotype. As an example, 
bufuralol (a P-blocking agent with an unusual, relatively small therapeutic in­
dex) may display non-linear disposition kinetics in poor metabolizers and 
linear kinetics in extensive metabolizers (Dayer et al. 1985). Case reports have 
also been published; one patient, phenotyped as a poor hydroxylator, showed 
non-linear kinetics of desmethylc10mipramine disposition after co­
administration of allopurinol (Balant-Gorgia et al. 1987). Depending on the 
values of V max and Km and on the drug concentration, it is conceivable that 
fast metabolizers could also exhibit non-linear kinetics as far as first-pass 
metabolism is concerned, as described for imipramine (Bn'1sen and Gram 
1988). Further work in suitably planned studies is required before the practi­
cal relevance of these findings can be fully assessed. Nevertheless, the present­
ly available information indicates that, under certain circumstances, genetic 
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polymorphism may transform the kinetics of a compound from linear into 
non-linear. This could have important clinical implications. 

3 Preclinical Investigations 

Early in the development of a new drug, it is now customary to perform 
preliminary metabolic studies in animals. The data from such investigations, 
together with theoretical considerations, may help in determining whether a 
given compound is likely to be metabolized by pathways known to be under 
polymorphic genetic control in man. It must, however, be kept in mind that a 
given enzyme may metabolize a substrate in different positions. It is also pos­
sible, as demonstrated in the rabbit model of the acetylation polymorphism, 
that two drugs may be handled by the same enzyme, one in a polymorphic and 
the other in a non-polymorphic fashion. Accordingly, caution must be applied 
when extrapolating from in vitro or animal data to man. 

At this stage it might be useful to extend further the predictability of such 
findings for'man by using in vitro techniques with human hepatocytes or liver 
microsomes. The trend towards the establishment of human liver banks, com­
prising well characterized samples stored under defined conditions (Boobis et 
ai. 1980; Meier et ai. 1983; von Bahr et ai. 1980; von Bahr et aI., this volume) 
may prove invaluable in the application of such an approach. In the present 
situation, when neither pure cytochrome P-450 isoenzymes nor specific in­
hibitory antibodies against the isoenzymes are readily available, one must rely 
mainly on experiments with samples from subjects of defined phenotype or in 
which competitive inhibition of drug substrates is assessed. Thus, by using 
livers from subjects identified as poor metabolizers or by performing inhibi­
tion studies with marker drugs, valuable predictive information on the 
qualitative and quantitative importance of a polymorphic enzyme in the 
metabolism of a new compound should be obtained. Many clinically im­
portant drug-metabolic interactions could probably also be detected using 
such techniques. 

If in vitro experiments provide an indication that polymorphic differences 
are indeed to be expected in man, it would be prudent to perform, as soon as 
possible, pharmacokinetic experiments in healthy volunteers, phenotyped as 
extensive and poor metabolizers for the metabolic pathway under considera­
tion. This is presently quite feasible by using relatively simple methodology 
for the debrisoquine/sparteine type of polymorphism and also for the 
mephenytoin type. One may even use a combination of probes to phenotype 
volunteers for different polymorphisms in one session (Breimer et ai. 1988). In 
addition, studies with specific inhibitors of a polymorphic enzyme such as 
quinidine, might be performed in extensive metabolizers (lnaba et ai. 1986; 
Speirs et al. 1986). Such single-dose studies can be performed at a time when 
only minimal animal toxicological data are available (e.g. mutagenic poten­
tial, 1- or 2-week toxicity studies in two animal species and safety pharmacol­
ogy). 
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The aim of such an investigation would be to confirm the findings in 
animals and in vitro and to determine the contribution of the polymorphic 
metabolic pathway to the overall elimination of the drug. Indeed, if the 
metabolic route represents only a small fraction of the overall disposition of 
the new compound, it is very unlikely that genetic polymorphism would be of 
clinical relevance as far as efficacy is concerned, since it would not lead to an 
increased variability in the elimination of the drug. However, a drug that is 
only slightly metabolized by a polymorphically regulated enzyme will still in­
teract with it and may therefore inhibit the metabolism of other compounds, 
as in the case of quinidine, and this may be of clinical importance. As de­
scribed above, such drug-drug interactions should be detectable at an early 
stage of drug development. Finally, such a drug could be metabolized to toxic 
products from which poor metabolizers would be relatively protected. The 
relevance of this last situation cannot be assessed with the data presently avail­
able. 

On the other hand, if preliminary metabolic studies in man confirm the 
potential importance of genetically determined pharmacokinetic variability, it 
will be necessary to consider the magnitude of the therapeutic margin. Only if 
the therapeutic margin is small, should a "no-go" decision be considered. 
Such information can usually be inferred from the animal data available at 
this stage of the pharmacology, toxicology and safety pharmacology 
programmes. 

If it is decided to proceed with the development of the new chemical entity, 
the design of the investigations to be performed during phase I, II and III 
studies should be tailored to the potential problem represented by genetic 
polymorphism in the metabolism of the drug. As an alternative, chemical 
analogues which retain the pharmacological properties of the drug, but which 
are metabolized by other routes, should be considered. It should, however, be 
emphasized that if a large proportion of the metabolism of a compound is 
subject to genetic polymorphism, this is not in itself an indication to stop 
development of the drug; the final decision should be made taking into ac­
count drug alternatives and the potential therapeutic progress offered by the 
new drug. 

4 Clinical Pharmacology Investigations 

In the context of genetic polymorphism, phase I studies in healthy volunteers 
should be aimed, among other things, at confirming the preliminary findings 
obtained in vitro and in animals. Parameters that should be evaluated are: the 
importance of the different disposition pathways in vivo, the pharmacokinetic 
variability of presystemic and systemic clearances, the consequence of such 
variability on steady-state blood concentrations, and possible non-linearity of 
elimination. At the same time, such studies should be aimed at the develop-
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ment of the phase II clinical trials in patients. Again, in the context of genetic 
polymorphism, it would be particularly useful to obtain information from the 
first patients in the phase II programme on the relationship between blood 
concentrations of the drug and pharmacodynamics, efficacy and side effects. 
This should enable an initial estimation of the therapeutic margin in the target 
population. 

5 Clinical Investigations 

If the results of the clinical pharmacology programme justify the continuation 
of the project, two extreme possible situations may be considered. (a) The 
drug has a wide therapeutic margin, no toxic metabolites are formed in any 
patient subgroup and the pharmacokinetic variability is almost negligible. 
Such a drug would then be developed as any other compound. Propranolol is 
a typical example. (b) The drug has a narrow therapeutic margin and the 
metabolic variability is a potential concern. In the case where the drug exhibits 
genetic polymorphism, one could envisage monitoring the blood concentra­
tions of the drug during phase III clinical trials according to the 
"pharmacokinetic screen" concept (Temple 1983). The patients potentially at 
risk could then be identified using, for example, the "population kinetics" ap­
proach (Sheiner and Benet 1985). Although'there are certainly many ways of 
coping with this problem, their discussion exceeds the scope of the present 
paper. 

Finally, if a drug falls into this category, but it is felt that it represents a 
true therapeutic innovation, it would be useful to develop a drug-monitoring 
strategy, even before the drug is marketed. This should help to keep the drug 
free from an excessively high incidence of unwanted side effects which could 
otherwise lead to its early withdrawal. 

6 Conclusions 

The fact that the metabolism of a new drug is under substantial polymorphic 
genetic control, resulting in considerable pharmacokinetic variability, should 
not be a reason a priori for stopping its development. If exclusion of com­
pounds had taken place on these grounds, valuable drugs such as the {3-
blocking agents and tricyclic antidepressants would not be available today or 
would have encountered additional difficulty in reaching the market. 

For the pharmaceutical industry it is important to make the "go/no-go" 
decisions as soon as possible in the experimental life of a new drug. In vitro 
studies with human liver tissue and clinical pharmacological panel studies per­
formed during phase I and phase II of drug development appear, at present, to 
represent the most suitable way of providing the necessary information on 
polymorphic drug metabolism at an early stage. 
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Clinical Significance of Pharmacokinetic Variability 



Clinical Implications of the Pharmacokinetics 
of Tricyclic Antidepressants 

J.C. NELSON, C. MAZURE, andP.I. JATLOW 1 

Knowledge gained during the past 20 years about the pharmacokinetics of 
tricyclic antidepressant drugs has helped to refine clinical practice. This dis­
cussion will focus on kinetic features of tricyclic antidepressants which appear 
to have important implications for clinical practice. 

1 Relatio~sbip of Plasma Concentrations to Clinical Outcome 

Plasma concentrations of tricyclic antidepressants vary 40-fold among 
patients receiving comparable dosage. This observation led to the hypothesis 
that the variability in plasma levels might account for the differences in 
response and side effects encountered during treatment. It is beyond the scope 
of this discussion to review all of the studies in this area; nevertheless, the issue 
warrants acknowledgement since the clinical relevance of tricyclic antidepres­
sant kinetics is dependent on the assumption that drug levels affect outcome. 

Studies of the relationship to tricyclic antidepressant drug concentrations 
and clinical response have been mixed and controversial. However, the 
American Psychiatric Association Task Force on Use of Laboratory Tests in 
Psychiatry (1985) concluded that relationships of drug concentrations and 
response appear to be established in severe endogenous inpatients for nortrip­
tyline, imipramine, and desipramine. Although effective levels vary from drug 
to drug, considering the broad range of plasma concentrations observed, there 
is some consistency if the higher levels of hydroxynortriptyline are taken into 
account. These drugs are effective generally in the 100-300 ng/ml range. While 
this range is not precise, it does define drug levels which are clearly low and 
those which are clearly high. 

The reduced effectiveness of nortriptyline at higher levels remains an inter­
esting question. Why should a window occur with one tricyclic antidepressant 
and not with others? This issue is further complicated by the problem of dis­
tinguishing side effects from symptoms. Some somatic symptoms may reflect 
both adverse drug effect and severity of depression (Nelson et al. 1984). 
Determining that elevated drug levels are truly less effective is more difficult 
than it seems. 
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Tricyclic antidepressant blood levels have frequently not been associated 
with response in outpatient studies of depression. Possible explanations in­
clude the following: that drug levels have no relationship to response in these 
patients, that drug levels may be related to response in individuals but have no 
common threshold for the group, and that the threshold for true antidepres­
sant effect is similar, but factors other than the drug have a greater effect on 
outcome. The latter possibility seems likely, given the high placebo response 
rate observed in these patients and reports that benzodiazepines, neuroleptics, 
and psychotherapy are of value in this group. 

The other important question is whether elevated drug levels are as­
sociated with toxicity. Correlations of side effect and blood levels have been 
reported (As berg et al. 1970), but the side effects noted seldom required dis­
continuation of treatment. There have not been many studies of severe ad­
verse reactions which interrupted treatment. Delirium has been reported in 
patients with high levels of amitriptyline (Preskorn and Simpson 1982; Living­
ston et al. 1983). Preskorn et al. (1988) have also suggested that such a 
relationship might hold for the other tricyclic antidepressants, but this is less 
well established. In several sizable studies of imipramine, delirium was not 
reported. During treatment with nortriptyline, levels above 450 ng/ml are less 
common. We reported an increased frequency of delirium in patients receiving 
desipramine with concomitant neuroleptic treatment, but delirium rarely oc­
curred in patients on desipramine alone, regardless of blood levels (Nelson et 
al. 1982a). The increased frequency in patients on neuroleptics was not ex­
plained by higher plasma levels of desipramine but by the presence of 
neuroleptic. Severe tremors have been associated with elevated desipramine 
plasma levels (Nelson et al. 1984), but it is not clear whether this has a similar 
basis. It does suggest that toxicity may be associated with elevated drug con­
centrations. 

2 Effects of Other Drugs on Concentrations 
of Tricyclic Antidepressants 

The effect of neuroleptics on tricyclic antidepressant plasma levels was one of 
the first common drug interactions in psychiatry to be well described (Gram 
and Overo 1972). The mechanism was the inhibition of hydroxylation. We 
noted that the magnitude of this effect was substantial; desipramine levels 
commonly doubled following the addition of a neuroleptic (Nelson and Jat­
low 1980). Many drugs have now been demonstrated to raise or lower tricyclic 
antidepressant blood levels. In our experience one of the most problematic in­
teractions is the profound lowering of tricyclic antidepressant levels by bar­
biturates, which can make effective treatment with tricyclic antidepressants 
very difficult. Quinidine has a twofold effect. Not only does it have an ap­
parent additive effect with tricyclic antidepressant to slow cardiac conduction, 
but it also inhibits the metabolism of the tricyclic antidepressants (Steiner et 
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al. 1987). The effects of tricyclic antidepressants on the metabolism of other 
drugs has been less often reported, but inhibition of perphenazine metabolism 
by amitriptyline has been noted (Spiker et al. 1986). 

3 Use of Timed Samples for Rapid Dose Adjustment 

The possibility of adjusting dose on the basis of timed drug levels after a 
standard dose was suggested by several studies demonstrating a relationship 
between steady-state levels and single or multiple blood levels obtained after a 
single dose. While multiple sampling may be more precise, single samples are 
simpler to obtain and appear to be adequate for clinical purposes. The 
feasibility of this method was ftrst reported for antitriptyline (Dawling et al. 
1984; Madakasira and Khazanie 1985). Use of timed samples resulted in 
steady-state levels of amitriptyline and nortriptyline within the desired range 
and a high rate of response in the latter study. 

We recently completed a study using 24-h plasma desipramine levels to 
calculate the dose necessary to obtain a target steady-state plasma level of 
140 ng/mI. Dose adjustment employed the regression equation determined in 
a previous sample, linking single timed levels to steady-state levels (Nelson et 
al. 1987). When the dose was determined (50-500 mg/day), the full amount 
was administered the next day and then continued for 4 weeks. Unlike the ex­
perience with amitriptyline, rapid dose adjustment with desipramine was not 
accompanied by sedation. Forty-four of 48 patients achieved steady state 
levels within the range of 115-300 ng/mI. This differed signiftcantly from a 
sample of83 patients who received a ftxed dose of2.5 mg/kg, and in whom on­
ly 19 of83 had levels in the 115-300 range (44/48 versus 19/83;p<0.01). 

Response rates for the rapid dose adjustment study were compared with a 
previous ftxed dose efficacy study using a similar Hamilton cutoff score to 
deftne response (Nelson et al. 1982b). The patients in both studies were rela­
tively similar, having unipolar nonpsychotic major depression which failed to 
respond to 1 week of hospitalization off antidepressants. In the current dose 
adjustment study 31 of 33 patients attained levels above 115 ng/mI, and at 3 
weeks 17 of33 responded (52%); at 4 weeks 21 of32 (66%) responded. In the 
prior study employing a ftxed dose of 2.5 mg/kg desipramine, 9 of 30 patients 
achieved levels above 115 ng/mI, and 11 of 30 (37%) responded at 3 weeks. 
The study terminated at this point, but most nonresponding patients con­
tinued on this dose for varying periods. No new responders were identifted. 
Response rates in the two studies were not signiftcantly different at 3 weeks, 
and this was not a parallel randomized comparison, but the results suggested a 
higher rate of response using the dose adjustment method. 

The impact of rapid dose adjustment on the timing of response was also 
examined. Quitkin et al. (1984) previously suggested that 6 weeks of tricyclic 
antidepressant treatment is necessary to achieve the maximum response rate. 
In that study response rates rose slowly, reaching 20% by the 4th week and 
55% by the 6th week. However, dosage was increased gradually, reaching the 
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full 'dose by the 18th day. We examined our sample using a similar method of 
rating cumulative response on the Clinical Global Improvement scale. In the 
dose adjustment study the full dose was reached by the 3rd day of drug ad­
ministration, and response rates began to ascend during week 2. At 2 weeks 18 
of 35 responded (51 %), at 3 weeks 22 of 33 responded (58%), and at 4 weeks 
27 of 33 responded (82%), which was the maximal rate of response. Six non­
responding patients continued on desipramine but without further change. 
The maximal response rate in this sample was reached 2 weeks earlier than in 
the Quitkin study. It was our impression that the difference was explained by 
the rapid institution of the full dose in our study. It might be argued that rapid 
institution of 300 mg/day of desipramine might achieve similar results. 
However, in a study using a fixed dose of 300 mg/day of desipramine (Stewart 
et al. 1980), 7 of 20 patients had desipramine levels above 300 ng/mI. Use of a 
24-h level provides the assurance that a full dose of 300-400 mg/day is neces­
sary, and that slow metabolizers can be identified and given lower doses. 

This technique does require that the clinical laboratory be prepared with 
appropriate internal standards to assay samples at low concentration and to 
provide rapid turnaround time for results. The potential savings in time of 
treatment justifies the effort. 

4 Do Tricyclic Antidepressants Demonstrate Linear Kinetics? 

Early reports indicated that the kinetics of tricyclic antidepressants were linear 
during dose adjustment. Recent reports, however, in small samples (Bjerre et 
al. 1981; Cooke et al. 1984) indicated nonlinear changes in desipramine. To as­
sess the frequency and magnitude of nonlinear changes we examined 42 in­
patients treated to steady state on a low and on a higher dose (Nelson and Jat­
low 1987). We found that one-third of the sample had linear kinetics, another 
third demonstrated nonlinear changes, but the magnitude appeared to be of 
little importance. The final third had substantial nonlinear changes, that is, 
concentration rose 50% more than that predicted by the dose change. Marked 
nonlinear changes were most likely to occur in rapid metabolizers. The find­
ings are very similar to those reported by Bmsen et al. (1986), who described 
steady-state concentration/dose ratios for desipramine and imipramine at two 
different imipramine doses in 17 patients. Nonlinear increases were noted 
particularly for desipramine. This findings differ for amitriptyline and 
nortriptyline, for which linear changes have been reported. 

The findings would appear to raise questions about the value of rapid dose 
adjustment based on timed samples since these methods assume linear 
kinetics. However, since one is usually attempting to obtain a plasma level 
within a reasonably broad therapeutic range, the degree of nonlinear change 
encountered is usually not of sufficient magnitude to compromise the rapid 
dose method. Since marked nonlinear changes were most likely to occur in 
rapid metabolizers, these patients can be identified with the 24-h level and the 
dose reduced accordingly. 
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5 Activity of the Hydroxy Metabolites 

Studies in vitro and in animals have suggested pharmacological activity for 
the hydroxy metabolites of tricyclic antidepressants, although antidepressant 
activity in human subjects has only recently been studied. Concentrations of 
hydroxyimipramine and hydroxyamitriptyline are low in human subjects rela­
tive to their parent compounds (Potter et al. 1982; Bock et al. 1982), but levels 
of hydroxydesipramine are commonly about half those of the parent drug 
(Bock et al. 1983), and levels of hydroxynortriptyline usually exceed those of 
the parent compound (Bertilsson et al. 1979). 

Studies of hydroxynortriptyline during administration of amitriptyline 
suggested that these compounds might contribute to an upper limit of effec­
tiveness (Breyer-Pfaff et al. 1982; Robinson et al. 1985). However, these 
analyses were complicated by the presence of three compounds anntnp­
tyline, nortriptyline and hydroxynortriptyline. Recently Nordin et al. (1987 a) 
administered nortriptyline to 30 depressed inpatients and found that 
responders had nortriptyline levels within a window bounded by 358-728 nM 
(94-191 ng/ml) and hydroxynortriptyline levels between 428 nM and 688 nM 
(119-191 ng/mI), although these thresholds were based on retrospective in­
spection of the distribution. 

Three studies have investigated the antidepressant activity of 
hydroxydesipramine during fixed dose trials, and all three were negative (Nel­
son et al. 1983; Amsterdam et al. 1985; Kutcher et al. 1986 b). However, the ef­
fects of hydroxydesipramine may be obscured by the parent drug in a fixed 
dose study, since total drug levels are highly dependent on desipramine levels 
but not hydroxydesipramine (Bock et al. 1983). Patients with high ratios of 
hydroxydesipramine to desipramine (OH-DMI/DMI) rapidly metabolize the 
drug and thus have low desipramine and low total drug levels. In our sample 
(Bock et al. 1983) and that of Amsterdam et al. (1985) OH-DMI/DMI ratios 
inversely correlated with desipramine levels (r= -0.63 and r= -0.75, respec­
tively). 

We reexamined the relationship of hydroxydesipramine plasma levels and 
response in a prospective desipramine study in which 24-h plasma levels were 
used to achieve a relatively uniform desipramine plasma level (Nelson et al. 
1988 a). We hypothesized that the contribution of hydroxydesipramine to 
response might become apparent since desipramine levels were relatively con­
stant. Twenty-seven nonpsychotic, unipolar inpatients with major depression 
completed a 4-week trial. On every measure of response, total drug levels 
(desipramine plus hydroxydesipramine) were more strongly correlated with 
outcome than were desipramine levels alone. Using multiple regression, both 
desipramine and hydroxydesipramine levels were independently and sig­
nificantly associated with response on the Clinical Global Improvement scale 
and together accounted for 40% ofthe variance in response while desipramine 
levels alone explained 20% of the variance. These findings suggest that 
hydroxydesipramine has antidepressant activity. We noted that few patients 
in the current study had high OH-DMI/DMI ratios. In our fixed dose study 
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(Nelson et al. 1983), 7 of 45 patients had OH-DMIjDMI ratios greater than 
0.7. In the dose adjustment study only 1 of 42 patients had a ratio above 0.7. 
We suspect that nonlinear changes in desipramine levels during dose adjust­
ment resulted in lower OH-DMIjDMI ratios. This effect may diminish the 
clinical importance of hydroxy desipramine at therapeutic levels. 

Research to date has explored the activity of the hydroxylated tricyclic 
antidepressants in the presence of the parent drug. The activity of the hydroxy 
metabolites could be more directly studied by administration of the hydroxy 
compounds themselves. This has only recently been attempted by Bertilsson et 
al. (this volume). Direct evidence of antidepressant activity would support the 
use of hydroxylated tricyclic antidepressants for the treatment of depression. 
Since hydroxydesipramine and hydroxynortriptyline are substantially less 
anticholinergic than their parent drugs (Nordin et al. 1987b), these 
metabolites might offer advantages over currently available tricyclic 
antidepressants. 

6 Kinetic Changes in the Elderly 

It is well known that the elderly are likely to show alterations in 
pharmacokinetics, but specific information about tricyclic antidepressants is 
only recently emerging. Early studies noted an association of age with drug 
levels (Nies et al. 1977), but recent large studies for desipramine (Nelson 
1982a; Amsterdam et al. 1985) and for nortriptyline (Bertilsson et al. 1979) in­
dicate little evidence of a relationship. 

Elevation of the hydroxy metabolites of antidepressants in the elderly has 
been noted and is of particular concern since levels of such metabolites have 
been associated with ECG abnormalities (Young et al. 1985; Kutcher et al. 
1986a). Increases in concentrations of hydroxy nortriptyline in the elderly ap­
pears well established. In 16 elderly patients, on comparable doses, Young et 
al. (1984) found mean levels of hydroxynortriptyline to be almost twice as 
high as those in a younger sample, and in some cases, hydroxynortriptyline 
levels were four times higher than the level of nortriptyline. 

Elevated hydroxydesipramine plasma levels were first reported by 
Kitanaka et al. in 1982. The mean OH-DMIjDMI ratio in the four elderly 
patients studies was 0.86 versus 0.38 in younger patients. However, the four 
older patients received lower doses (62 versus 183 mgjday) and achieved lower 
desipramine levels (44 versus 135 ngjml) than the younger patients. Nonlinear 
kinetics of desipramine may have influenced these findings. 

We examined two larger samples of depressed elderly patients who 
received doses comparable to younger patients, in order to determine the mag­
nitude of the increase in hydroxydesipramine, if present (Nelson et al. 1988 b). 
Sample 1, which received a fixed dose of desipramine, consisted of 68 patients, 
of whom 23 were over 60 years of age. Sample 2 received a dose adjusted to at­
tain a target desipramine blood level; 20 of the 56 patients in this group were 
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over 60. The mean age of the elderly patients was 69 and 72 in the two sam­
ples, respectively, and ranged up to 85. Hydroxydesipramine levels were 
higher in patients over 60 than in younger patients, but the differences were 
not significant in either sample individually. In the two samples combined, 
average hydroxydesipramine levels were 11 ng/mI higher in patients over 60 
(55 versus 44 ng/mI) and the difference was significant (p = 0.02). 

Unlike the Kitanaka study, OH-DMI/DMI ratios were not higher in the 
patients over 60, but our elderly patients received doses comparable to the 
younger patients. We suspect that if comparable dosage is administered, non­
linear increases in desipramine levels result in lower OH-DMI/DMI ratios 
(Nelsonetal.1987). 

Our findings indicate that levels of hydroxy metabolites are elevated in the 
elderly, but the magnitude of the difference is not large in relation to total 
drug levels, averaging 220 ng/mI. However, other kinetic changes in this group 
may magnify this increase in hydroxy metabolites of tricyclic antidepressants. 

Plasma protein binding of the tricyclic antidepressants has generally not 
been considered to be a major factor since protein binding is much less vari­
able than total plasma concentration. However, Javaid et al. (1985) reported 
that plasma protein binding of tricyclic antidepressants may be reduced in the 
elderly. In addition, the hydroxy metabolites appear to be less protein bound 
in plasma than their parent compounds. For hydroxynortriptyline, free frac­
tions of 35% have been reported (Breyer-Pfaff et al. 1982). Ratios of OH­
DMIjDMI and of hydroxynortriptyline to nortriptyline are higher in CSF 
than in plasma (potter et al. 1982; Nordin et al. 1985), probably as result of 
decreased protein binding of these compounds. If hydroxy metabolites of 
tricyclic antidepressants are less protein bound than their parent compounds, 
and protein binding is further decreased in the elderly, and, furthermore, con­
centrations of hydroxy metabolites are higher in the elderly, then free con­
centrations of hydroxy metabolites might be substantially elevated in older 
patients. Further study of kinetics in the elderly would not only be clinically 
useful but might further clarify the pharmacodynamic implications of these 
kinetic changes. 
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Detection of Populations at Risk 
Using Drug Monitoring Data 

A.E. BALANT-GORGIA \ M. GEx-FABRy 2, and L.P. BALANT2 

1 Introduction 

One of the aims of clinical pharmacokinetics is to detect patient subpopula­
tions at risk of showing abnormally high or abnormally low blood concentra­
tions when given normal doses of a drug. Numerous publications have 
reported that factors such as age (Nies et al. 1977), phenothiazine co­
medication (Bmsen et al. 1986a; Balant-Gorgia et al. 1986), tobacco and al­
cohol (Sutfin et al. 1988; Vandel et al. 1982) as well as genetic factors (Bmsen 
et al. 1986b) are responsible for the large inter-individual variability affecting 
steady-state concentrations of tricyclic antidepressants. The clinical relevance 
ofthis information is clear since concentration-response curves of these drugs 
tend to be biphasic, with clinical deterioration and more frequent and severe 
side effects with increasing blood levels (Molnar and Gupta 1980). 

The purpose of the present study was twofold. Its first aim was to show the 
feasibility of identifying subgroups of patients at risk, on the basis of drug 
monitoring data. The second goal was to determine the metabolic processes 
affected, using a model-based approach. 

2 Patients and Methods 

A total of 150 patients treated with clomipramine (Anafranil) for depressive 
illness at in- and out-patient units of the Geneva University Psychiatric In­
stitution were included in the study. Their distribution according to sex, age, 
smoking, chronic alcohol intake and neuroleptic co-medication is given in 
Table 1. Patients suspected of non-compliance with their antidepressant 
medication were excluded. Doses of clomipramine were administered orally 
and ranged from 25 to 200 mg per day (median value, 100 mg per day). The 
corresponding range of concentrations was 32-621 ng/ml for the sum of 
clomipramine and desmethylclomipramine. Assuming a therapeutic range 
between 160 and 450 ng/ml (Faravelli et al. 1984; Preskorn and Irwin 1982), 
63 % of the patient population were within this range. 

1 Therapeutic Drug Monitoring Unit, Department of Psychiatry, University Medical 
Center, 1211 Geneva 4, Switzerland 

2 Clinical Research Unit, Department of Psychiatry, P.O. Box 79,1211 Geneva 8, Switzer­
land 
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Table 1. Deviations from the grand mean for hydroxylation and demethylation pseudo-
clearances obtained by analysis of variance 

n Hydroxylation (log clearance) Demethylation clearance 

Deviation Statistical Deviation Statistical 
from grand significance from grand significance 
mean (1.19) mean (22.3) 

Sex p<O.OS ns 
Men S4 +0.04 
Women 93 -0.02 

Age (years) p<O.OOS p<O.OOS 
<40 39 +0.09 +2.4 
40-64 71 +0.01 +2.1 
65-74 13 +0.03 -S.S 
~7S 24 -0.20 -6.9 

Smoking ns p<O.OOS 
No 97 -2.3 
Yes SO +4.4 

Alcohol ns p<O.OOS 
No 134 +0.9 
Yes 13 -8.9 

Neuroleptics p<O.OS ns 
No 136 +0.01 
Yes 11 -0.11 

Clomipramine and desmethylclomipramine blood monitoring was per­
formed according to clinical routine, whenever the attending psychiatrist had 
clinical reasons to demand it (Sjoqvist et al. 1980). Blood samples were taken 
at steady-state, i.e. at least after 3 weeks at the same dosage regimen. Blood 
concentrations of clomipramine, desmethylclomipramine and their hydroxy­
lated metabolites hydroxyclomipramine and hydroxydesmethylclomipramine 
were determined by HPLC and electrochemical detection (Balant-Gorgia et 
al. 1986). 

The statistical analysis was performed by means of the ANOVA (analysis 
of variance) procedure ofSPSS-X (Statistical Package for the Social Sciences). 

3 Results 

Visual inspection of concentration versus daily dose plots reveals that age may 
be an influential parameter in two ways: lower doses are generally ad­
ministered to elderly patients, and fairly high blood concentrations are often 
reached despite the low doses. A pharmacokinetic model was developed in or­
der to investigate the metabolic pathway involved in such an effect. Equal 
rates were assumed for demethylation of clomipramine to desmethyl-
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clomipramine and of hydroxyclomipramine to hydroxydesmethylclomi­
pramine. Similar rates were also postulated for hydroxylation of clomi­
pramine to hydroxyclomipramine and of desmethylclomipramine to hydroxy­
desmethylclomipramine. Identical rates of conjugation with glucuronic acid 
and excretion were similarly postulated for the two hydroxy metabolites. In 
addition, a hepatic first-pass effect was included for demethylation to des­
methylclomipramine and hydroxylation to hydroxyclomipramine. Pseudo­
clearance values were then calculated on the basis of trough steady-state con­
centrations according to equations of the form: Css,trough 
F x dose/T x CLpseudo, where F is the systemic availability and T the dosing in­
terval. Clearance and first-pass effect were linked by the formulae: 
CL = QH x e and F = 1 - e, where QH is the liver blood flow and e is the hepatic 
extraction ratio. This model was applicable since whole-blood concentrations 
were available. 

Model predictions indicate that reduced hydroxylation capacity results in 
marked accumulation of desmethylclomipramine, accompanied by a smaller 
increase of clomipramine levels. Demethylation does not affect the sum of 
these two compounds. A plot relating the concentrations of clomipramine and 
desmetb.ylclomipramine measured during routine drug monitoring to the 
clearances was constructed in order to identify patients exhibiting very slow 
hydroxylation and/or demethylation rates (not shown). For a typical subject, 
receiving 100 mg clomipramine per day, measured concentrations of 60 ng/ml 
clomipramine and 150 ng/ml desmethylclomipramine lead to pseudo­
clearance values of 161 per hour for hydroxylation and 231 per hour for 
demethylation. 

Analysis of the pseudo-clearances for the 150 patients entering the study 
reveals that hydroxylation clearance exhibits a strongly skewed distribution 
(range, 5.5-42.5; median value, 15.71 per hour), whereas demethylation 
clearance is close to normal (range, 1.9-50.4; median value, 22.01 per hour). 
These values were further analysed for differences according to sex, age group, 
smoking, chronic alcohol drinking and phenothiazine co-medication (Table 
1). Hydroxylation as well as demethylation capacities decrease significantly 
with age: the effect becomes apparent at about 75 years for the former process 
and at about 65 years for the latter. Tobacco and alcohol seem to affect only 
demethylation: smoking leads to an average 20% increase of demethylation 
capacity, and strong inhibition follows chronic alcohol intake. Phenothiazine 
co-medication is found to decrease hydroxylation clearance. Finally, women 
show slightly reduced hydroxylation capacity compared to men. 

4 Discussion 

The present study indicates that very simple statistical techniques applied to 
routine drug monitoring data may be of great help in identifying groups of 
patients at risk of excessively low or high concentrations of clomipramine. 
Results are in keeping with previous studies reporting increased tricyclic 
antidepressant concentrations among the elderly (Nies et al. 1977), inhibition 
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of hydroxylation by levomepromazine (Bresen et al. 1986a; Balant-Gorgia et 
al. 1986) and induction of liver enzymes by tobacco smoke (Sutfin et al. 1988). 
Reduced demethylation capacity following chronic alcohol intake is also ex­
pected as a likely result of liver damage. A possible effect of sex remains to be 
further investigated. 

By considering pseudo-clearances, our model-based approach allows 
identification of the metabolic pathway affected by a given factor. The reper­
cussions of this effect on drug concentrations are then easily predicted. By 
contrast, analysing either blood concentrations directly or metabolic ratios, 
which are under the combined influence of various processes, often leads to in­
terpretation difficulties. 

The prediction of extremely important accumulation of desmethyl­
clomipramine as a result of poor hydroxylation capacity may be interpreted 
with respect to genetic polymorphism. Similarly, very high levels of 
desipramine have been reported in subjects phenotyped as poor metabolizers 
of debrisoquine or sparteine (Bresen et al. 1986b). A recent series of case 
reports from our group further emphasizes the clinical relevance of such an 
observation:' among eight patients characterized by excessively high anti­
depressant concentrations, three were later identified as poor metabolizers of 
debrisoquine, while three had neuroleptic co-medication not suspected before. 
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Hydroxy Metabolites of Tricyclic Antidepressants: 
Evaluation of Relative Cardiotoxicity * 

B. G. POLLOCK and J. M. PEREL 1 

1 Clinical Studies 

Patients treated with nortriptyline and imipramine also have considerable 
plasma levels of pharmacologically active hydroxy metabolites. Hydroxyla­
tion controls the clearance of tricyclic antidepressants; 2-hydroxyimipramine 
and 2-hydroxydesipramine each comprise about 30% of their respective 
parent drug levels, whereas unconjugated E-10-hydroxynortriptyline (E-10-
OH-NT) constitutes 150%-300% of nortriptyline levels, and its geometrical 
isomer Z-10-hydroxynortriptyline (Z-10-0H-NT) constitutes only 5%-22% 
of the total hydroxynortriptyline formed (DeVane and Jusko 1981; Mellstrom 
et al. 1981). Since the renal clearance of these metabolites determines their 
steady-state concentrations, it is not surprising that disproportionate in­
creases in hydroxy metabolite levels, relative to their parent compounds, have 
been demonstrated in patients suffering from chronic renal failure (Lieberman 
et al. 1985). Moreover a decrease in renal clearance in old age could also ac­
count for the disproportionately high concentration of 10-hydroxy­
nortriptyline (Young et al. 1985) and 2-hydroxydesipramine (Kitanaka et al. 
1982) observed in elderly patients. This may be of particular concern because 
in the aged the cardiovascular system may already be compromised. 

Attempts have been made to draw conclusions about the cardiovascular 
effects of hydroxy metabolites from plasma level monitoring for these 
metabolites in patients treated with nortriptyline. In 1984, Young et al. 
reported on a patient who developed congestive heart failure, and who had a 
therapeutic plasma level of nortriptyline (112 ng/mI) but a high plasma con­
centration of E-10-0H-NT (426 ng/mI). In contrast, Bertilsson et al. (1985) 
reported on a patient who was a fast hydroxylator of debrisoquine, with ex­
tremely high E-10-0H-NT levels (980 ng/mI), and who exhibited remarkably 
few side effects. Cardiographic changes (significant prolongation of the PR in­
terval) which occurred in 8 of 18 elderly patients treated with nortriptyline 
were, however, correlated with E-10-0H-NT concentrations (Young et al. 
1985). In this study, no relationship could be found using plasma nortrip­
tyline, age, drug dose, or baseline cardiovascular status. In a similar investiga-
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tion of 21 elderly depressed patients, Schneider (1986) found a significant as­
sociation between QRS prolongation and combined E-10-0H-NT and 
nortriptyline levels greater than 300 ngjml. This relationship could not be dis­
cerned when only nortriptyline plasma levels were considered. There have 
been no comparable investigations with imipramine, but Kutcher et al. (1986) 
found significant prolongation of PR and QRS intervals correlated only with 
2-hydroxydesipramine plasma levels in ten elderly patients. 

2 Previous Animal Cardiovascular Studies 

The lack of sufficient quantities of these metabolites in a pure form has limited 
research on their direct pharmacological effects. There has been only one 
study previously reported in the world literature which compared the direct 
hemodynamic effects of the hydroxylated metabolite of imipramine to that of 
its parent compound (Jandhyala et al. 1977). This study used mongrel dogs 
anesthetized with sodium pentobarbital; left ventricular pressure catheters 
and flow probes were placed by highly invasive procedures; thoracotomy and 
pericardial resection were performed. It should be noted that electrocar­
diograms and plasma levels were not determined in this pioneering work. It 
was found that 2-hydroxyimipramine (1.25 mg/kg) reduced left ventricular 
function markedly within 10 min of intravenous administration and caused 
reductions in cardiac output. In contrast, imipramine at 2.5 mg/kg did not 
cause significant myocardial depression until 90 min after administration, 
suggesting either animal fatigue or a possible contribution of a metabolite. 
Subsequently, Wilkerson (1978), showed that 2-hydroxyimipramine was twice 
as potent as imipramine in counteracting ouabain-induced arrhythmias in 
dogs. 

3 Current Experiments 

The hemodynamic, cardiographic, and pharmacokinetic characteristics of the 
de novo hydroxy metabolites of imipramine and nortriptyline, relative to their 
parent compounds, were studied in an unanesthetized swine preparation (Pol­
lock et al. 1987 a, b). Increasingly, the pig has been recognized as a highly ap­
propriate cardiovascular model. Cardiac output, arterial and left ventricular 
end-diastolic pressures, left ventricular peak dP/dT, and the continuous elec­
trocardiogram were assessed after the intravenous administration of the drug 
or metabolite. Plasma, sampled over 120 min, and CSF, sampled at 60 min, 
were analyzed by reverse-phase HPLC with spectrofluorometric detection for 
imipramine and 2-hydroxyimipramine, and ultraviolet detection for nortrip­
tyline and its hydroxy metabolites. Equilibrium dialysis was performed on 
plasma sampled at 60 min. Pharmacokinetic calculations were assisted by 
computer modeling. 
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Fig.t. Percentage change from baseline in mean arterial pressure (MAP) in unanesthetized 
swine 

Administration of ~ mg/kg 2-hydroxyimipramine in animals, as con­
trasted to that of 8.5 mg/kg imipramine, produced a significantly greater in­
cidence of life-threatening arrhythmias and caused profound and significant 
decreases in contractility, blood pressure, and cardiac output. Nortriptyline 
caused significantly more severe arrhythmias than did E-10-0H-NT at all 
dosage intervals (4-8 mg/kg) but was not significantly different from Z-10-
OH-NT in this effect. Nortriptyline also caused profound and significant 
hypotension when compared with higher doses of E-10-0H-NT (Fig. 1). Z-10-
OH-NT, in contrast to its geometrical isomer at the same dose, caused marked 
bradycardia and decrements in contractility, blood pressure, and cardiac out­
put. All compounds studied, except E-10-0H-NT, produced dose-related 
declines in cardiac output. The hydroxy metabolites, compared with their 
parent compounds, had smaller volumes of distribution and shorter half-lives. 
CNS penetration, as estimated by CSF /plasma ratios, was significantly 
greater for 2-hydroxyimipramine (0.19±0.05) and E-10-0H-NT (0.36 ± 0.06) 
but not for Z-10-0H-NT (0.13±0.03), when compared with the respective 
parent compounds imipramine (0.07 ±0.03) and nortriptyline (0.14±0.06). 
This phenomenon was partially accounted for by significantly less plasma 
protein binding for the hydroxy metabolites, as determined by equilibrium 
dialysis. 
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4 Conclusions 

Although E-10-0H-NT and 2-hydroxyimipramine possess comparable 
pharmacokinetic properties relative to their parent compounds, these two 
hydroxy metabolites have now been demonstrated to show vastly differing 
relative cardioactivities. Moreover, the Z-10-0H-NT metabolites has been 
shown to be more cardiotoxic than its geometrical isomer, while at the same 
time being less "free" than it. These findings argue against a simple 
pharmacokinetic explanation for the differing cardiotoxicities of the 
metabolites. 

There are clear implications for vigilance, with regard to the potential 
toxic effects of 2-hydroxyimipramine. Especially in the context of co­
administration with drugs that induce hepatic microsomal enzymes and in the 
aged or patients with compromised renal functioning. Recognizing the car­
diotoxicity of 2-hydroxyimipramine may lead to innovative approaches in 
managing overdoses of imipramine, through tactics targeted at either mini­
mizing 2-hydroxyimipramine formation or enhancing its extraction. 

In contrast, recognizing the relatively benign cardiovascular profile of E-
10-0H-NT, while not detracting from the need for plasma monitoring in older 
nortriptyline-treated patients, lends support to Bertilsson et al.'s (1986) con­
tention that this metabolite may be a potentially useful antidepressant in its 
own right. Theoretically, this agent might be particularly advantageous for an 
elderly population. 

Acknowledgements. We are very grateful to Drs. A.A. Manian, A. Jorgensen, L. Bertilsson, 
and B. Resul for providing samples ofthe hydroxy metabolites. 
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Therapeutic Drug Monitoring of Tricyclic 
Antidepressants: A Means of Avoiding Toxicity * 

S. H. PRESKORN 1 

1 Introduction 

Therapeutic drug monitoring of tricyclic antidepressants has become a 
standard-of-care issue. The value of such monitoring has been a topic of dis­
cussion for almost 20 years, since the substantial interindividual differences in 
tricyclic antidepressant metabolism were first described (Hammer et al. 1967). 
Unfortunately, widespread acceptance of this tool in practice was delayed by 
an almost exclusive focus on the relationship between tricyclic antidepressant 
concentration in plasma and antidepressant efficacy. Debates abounded 
about whether such relationships were linear or curvilinear, to the exclusion of 
other important issues, particularly the relationship between tricyclic 
antidepressant concentration in plasma and toxicity. 

These debates were not only pedantic, but they also obscured these more 
substantive concerns. When using a drug, the physician and the patient are in­
terested in safety as well as efficacy. They are also interested in the rapidity 
and predictability of response. 

In comparison to simple dosage titration based on clinical response, ad­
justment based on therapeutic drug monitiring has many advantages: (a) it 
hastens response by reducing the time needed to optimize the dose; (b) it im­
proves overall efficacy by ensuring that all patients achieve optimum drug 
concentration; (c) it increases the confidence that a patient needs alternative 
therapy when he fails to respond to a trial of a tricyclic antidepressant; (d) it 
provides a means of assessing whether nonresponse is due to poor compliance; 
and (e) it reduces the risk that patients will develop iatrogenic toxicity due to a 
chronic accumulation resulting in toxic concentrations on conventional doses, 
due to slow tricyclic antidepressant metabolism. The chapter by Nelson (this 
volume) addresses the first four of these issues. This chapter focuses on the 
last one. 

Tricyclic antidepressants have a narrow therapeutic index, particularly 
tertiary amine tricyclic antidepressants (e.g., amitriptyline, doxepin, and im­
ipramine). Generally, optimum response requires a tricyclic antidepressant 
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Table 1. Evolution ofCNS toxicity 

Affective 
symptoms 

Mood 
!Concentration 

Lethargy 
Social WID 

WID, withdrawal. 

Motor 
symptoms 

Tremor 
Ataxia 
Seizures' 

Psychotic 
symptoms 

Thought disorder 
Hallucination 
Delusions 

• Seizures typically occur late but can occur earlier in the evolution. 

S.H.Preskom 

Organic 
symptoms 

Disorientation 
!Memory 

Agitation 
Confusion 

concentration in plasma on the order of 100-300 ng/mI (APA Task Force 
Report 1985). Above 450 ng/ml there is a high incidence of tricyclic 
antidepressant induced delirium which can lead to grand mal seizures (Pres­
korn et al. 1988 a). Above 1000 ng/mI, virtually all patients show electrocar­
diographic evidence of tricyclic antidepressant induced slowing of in­
tracardiac conduction, which can lead to sudden death (Spiker et al. 1975). 

Central nervous system (CNS) toxicity is of particular interest for two 
reasons (Preskorn et al. 1988 a). First, it occurs at concentrations only 50% 
higher than the upper limit of the optimum range for tertiary amine tricyclic 
antidepressants. Second, it has an insidious prodrome (Table 1) which may be 
misinterpreted by the clinician as a worsening of the underlying psychiatric 
disorder. Hence, the clinician may make decisions which will increase the 
seriousness of the toxicity, such as (a) increasing the dose of tricyclic 
antidepressant or (b) adding a neuroleptic which can inhibit the metabolism of 
tricyclic antidepressants (Gram and Bf0sen, this volume). The symptoms and 
signs of tricyclic antidepressant induced CNS toxicity are listed in Table 1, 
with the earliest ones on the left and the later ones on the right. 

2 eNS Toxicity and Plasma Levels 

Amitriptyline is the tricyclic antidepressant with the most substantial data 
base demonstrating a relationship between drug concentrations in plasma and 
CNS toxicity. Preskorn and Biggs (1978) first described the relationship in a 
patient receiving amitriptyline. The first large-scale population study was con­
ducted by Preskorn and Simpson (1982), with 100 patients being treated with 
amitriptyline. They found that there was an 86% chance of developing 
amitriptyline-induced delirium when the amitriptyline concentration in 
plasma exceeded 450 ng/mI. Livingston et al. (1983) examined 135 patients 
treated predominantly with amitriptyline and found that 35% of patients with 
levels above 300 ng/ml developed delirium versus 5% in patients with levels 
below 300 ng/ml. Preskorn et al. (1984) found that 88% of amitriptyline­
treated patients with levels above 250 ng/mI had drug-induced EEG ab-
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normalities, and that 14% developed delirium whereas neither EEG ab­
normalities nor delirium occurred below 250 ng/ml. 

The next best studied tricyclic antidepressant is imipramine. Meador­
Woodruff et al. (1988) found that 56% of 15 patients with tricyclic antidepres­
sant concentration in plasma above 450 ng/ml developed delirium, versus 0% 
in 16 patients below 450 ng/ml. In this study, 94% of the patients were on im­
ipramine. Preskorn et al. (1988 b) reported the first prospective study of this 
phenomenon in children with prepubertal major depressive disorder treated 
with imipramine. Of children with levels above 450 ng/ml (n=4), 75% 
developed delirium, versus 0% below 450 ng/ml (n=61) and 0% in patients 
treated with placebo (n= 15). In the latter study, the treatment team was blind 
to the tricyclic antidepressant concentration in plasma. In two of the three 
cases, they misidentified the prodrome of the delirium as a worsening of the 
underlying depressive disorder. In both cases, the team decided to alter 
therapy based on this misidentification in such a way that the toxicity would 
have been increased. The monitoring laboratory, which was not blind to the 
results of therapeutic drug monitoring, aborted these decisions and prevented 
two potential tragedies. 

Thus, a body of studies have accumulated over a 10-year period 
documenting a relationship between tricyclic antidepressant concentration in 
plasma and tricyclic antidepressant induced delirium. To put these figures in 
perspective, Preskorn et al. (1988 a) reviewed the published population studies 
of tricyclic antidepressant induced eNS toxicity and performed a meta­
analysis of the above reports on the relationship between concentration and 
eNS toxicity. There have been seven large studies of adverse eNS effects of 
tertiary tricyclic antidepressants in depressed patients treated with conven­
tional daily doses (100-300 mg/day; Table 2). These studies represented 959 
patients, of whom 57 (or 6%) developed tricyclic antidepressant induced 
delirium. Based on the meta-analysis of the concentration: response studies, 

Table 2. Incidence ofCNS toxicity in patients treated with tricyclic antidepressants 

Authors Total n Percent 

Davies et a1. (1971) 150 20 13.3 
Boston Collaborative Study (1972) 260 12 4.6 
Schulderbrandt et a1. (1974) 201 3 1.5 
Preskom and Simpson (1982) 100 6 6.0 
Livingston et a1. (1983) 125 10 8.0 
Meyers and Mei-tal (1983) 43 3 7.0 
Preskom et a1. (1978c) 80 3 4.0 

959 57 6.0 

Range for all studies: 1.5%-13.3% 
Range omitting highest and lowest: 4.0%- 8.0% 
Overall frequency 6.0% 
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this risk was three to six times higher than in patients whose tricyclic 
antidepressant concentration in plasma was below 450 ng/ml. This same 
meta-analysis showed that the risk increased to 33% and 67% if the tricyclic 
antidepressant plasma concentration exceeded 300 and 450 ng/ml, respective­
ly. Thus, a direct relationship exists between tricyclic antidepressant con­
centration in plasma and the risk of tricyclic antidepressant induced delirium, 
at least for tertiary amine tricyclic antidepressants. 

There is now sufficient data to conclude that the overall risk of 6% for 
tricyclic antidepressant induced delirium from the population studies is due to 
the development of toxic concentrations in slow metabolizers receiving con­
ventional daily doses. Preskorn and Kent (1984) reported that 7% of patients 
treated with conventional daily doses of amitriptyline developed tricyclic 
antidepressant concentrations in plasma in excess of 450 ng/ml. Studies 
reviewed elsewhere in this volume show that 4%-7% of Caucasians are slow 
metabolizers of tricyclic antidepressants and will develop drug concentration 
in plasma associated with a high risk of toxicity, despite being treated with 
conventional doses. Thus, the clinician who employs tricyclic antidepressants 
withou.t using therapeutic drug monitoring runs a predictable risk of en­
countering toxicity in his patients. 

3 CNS Toxicity: Course and Risk Factors 

In addition to population studies, a number of case reports of tricyclic 
antidepressant induced CNS toxicity have been published in the past 10 years. 
Preskorn and Jerkovich (1988) reviewed 36 such cases to determine course and 
risk factors. Of these 36 cases, 15 patients were treated with amitriptyline, 12 
with imipramine, and 9 with desipramine. The course of tricyclic antidepres­
sant induced delirium was found to evolve over a 14-day period following in­
itiation of the dose on which the toxicity would occur. The evolution over that 
period started with a protean prodrome (Table 1). In almost 50% of cases, the 
clinician interpreted this prodrome as a worsening of the underlying depres­
sive disorder and, hence, often made decisions (increasing the tricyclic 
antidepressant dose or adding a neuroleptic) which only worsened the situa­
tion. The most reliable signs to emerge were tremor, especially of the upper ex­
tremities, and ataxia. Physicians should monitor for such signs in their 
patients, especially if they do not use therapeutic drug monitoring to optimize 
dosage of tricyclic antidepressants. 

The review for risk factors supported the conclusion that high tricyclic 
antidepressant concentration in plasma was the major predictor of tricyclic 
antidepressant induced CNS toxicity. The concentration for each drug was as 
follows: 462 ± 362 for amitriptyline, 624 ± 170 for imitriptyline, and 430 ± 272 
for desipramine. Tertiary amine tricyclic antidepressants (amitriptyline and 
imipramine) had more florid toxicity than did desmethylimipramine. Other 
risk factors included age (the older the patient the lower the threshold for 
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tricyclic antidepressant induced CNS toxicity), sex (women at higher risk than 
men), and concomitantly administered medications. The latter effect was due 
to both pharmacokinetic (e.g., neuroleptics which inhibit tricyclic antidepres­
sant metabolism) and pharmacodynamic interactions (e.g. from anti­
cholinergic agents which have additive effects). 

4 Catastrophic Outcomes 

Given the above knowledge, the failure to employ therapeutic drug monitor­
ing during tricyclic antidepressant pharmacotherapy is becoming a standard­
of-care issue in the United States. Coroners, at least in larger cities, are 
quantitating tricyclic antidepressant concentration in plasma when perform­
ing postmortems in cases of unexpected deaths during tricyclic antidepressant 
pharmacotherapy. Through consultation with physicians, this author has col­
lected five cases in which a catastrophic outcome resulted from the chronic ac­
cumulation of toxic tricyclic antidepressant concentrations in plasma (Table 
3). In four of the five cases, a malpractice suit was filed alleging negligence and 
failure in diagnosis. In all cases, the failure to employ therapeutic drug 
monitoring when using pharmacotherapy with tricyclic antidepressants was 
an issue. 

All five patients were on conventional daily doses of tertiary amine 
tricyclic antidepressants (i.e., amitriptyline and imipramine). In only one case 
was there any identifiable risk factors for the development of tricyclic 
antidepressant toxicity. This patient was a 62-year-old man with a history of 
past myocardial infarction with resultant decreased left ventricular function 

Table 3. Summary of catastrophic outcomes due to failure to monitor plasma levels of 
tricylic antidepressants 

Age Sex Drug Dose Levels f Outcome 
(years) 

5 Male Imipramine IMI· 50 10.0 Sudden death 
30 Female Imipramine IMI b 100 1.2 Sudden death 
34 Male Amitriptyline AMI 0 375 5.5 Sudden death 
52 Female Amitriptyline AMId 350 Unknown Paralytic ileus with 

bowel infarction 
and resection 

62 Male Amitriptyline AMI e 100 0.95 Ventricular arrythmia 

• No other drugs given or detected. 
b Also taking propranolol 60 mgjday, diazepam 20 mgjday, flurazepam 30 mgjday p.r.n. 
o Phenelzine 60 mgjday added due to worsening of depression, disulfiram 250 mgjday. 
d Thioridazine 600 mgjday and benztropine 2 mgjday were added due to psychotic com­
ponent and development of neurological symptoms, respectively. 

e Haloperidol 10 mgjday added 7 days earlier due to suspected psychotic decompensation. 
f Levels of parent compound plus desmethyl metabolite (mgfl). 
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and liver disease. In retrospect, all five were slow metabolizers, which could 
only be detected through the use of therapeutic drug monitoring. In four of 
the cases, the clinician detected early symptoms and signs of tricyclic 
antidepressant induced CNS toxicity but concluded that these phenomena 
were due to worsening of the depressive disorder. In response to this inter­
pretation, tricyclic antidepressant doses were increased and/or neuroleptics 
added. The correct diagnosis was not made until after the catastrophe had oc­
curred. 

5 Comment 

The rationale behind therapeutic drug monitoring is to improve the safety and 
efficacy of pharmacotherapy when feasible. In psychiatry, therapeutic drug 
monitoring is an accepted requirement for the proper use of lithium 
pharmacotherapy. Therapeutic drug monitoring in the case of lithium is done 
in order to improve safety, perhaps more so than to improve efficacy. 
However, the use of therapeutic drug monitoring for pharmacotherapy with 
tricyclic antidepressants is still being debated. Unfortunately, this controversy 
is in part due to an almost exclusive focus on efficacy in such debates. Data ac­
cumulated on the relationship between tricyclic antidepressant concentration 
in plasma and toxicity are generally not well known. Such data, nevertheless 
do exist and provide a compelling argument for employing therapeutic drug 
monitoring as a standard aspect of tricyclic antidepressant pharmacotherapy. 
This chapter has focused on CNS toxicity, but data also exist relating car­
diotoxicity to tricyclic antidepressant concentrations in plasma. 

Acknowledgements. The author gratefully acknowledges Ms. Pam Widener and Ms. Dee Al­
ligood for manuscript preparation. A modified version of this chapter appeared in an article 
in Psychopharmacology Bulletin. 
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Neuroleptic Drug Levels in Erythrocytes and in Plasma: 
Implications for Therapeutic Drug Monitoring 

D. L. GARVER 1 

1 Introduction 

Brodie (1967) first suggested that drug levels of antipsychotic drugs might be 
related to therapeutic response. Since then, a host of investigators have 
developed and refined techniques of measuring neuroleptic drugs in various 
body fluids and of relating such levels of drug to antipsychotic response 
during systematic pharmacologic trials in psychotic disorders. 

The development of clinical methodology equal to the task of demonstrat­
ing relationships between drug levels and therapeutic response is beyond the 
scope of the present chapter, but we may observe that state-of-the-art clinical 
methodology for such trials needs to address the following: 

- Selection of psychotic subjects known to respond to psychotropic medica­
tion. 

- Use of predetermined fixed dose(s) of drug so as to achieve drug levels 
below, within, and above the expected therapeutic range. 

- A stable, drug-free period at baseline with which to compare quantitative 
changes in psychotic symptoms associated with drug treatment. 

- Systematic quantitative assessment of psychotic symptoms and behavior 
affected by drug treatment. 

- Attention to heterogeneity within psychotic populations, which may be as­
sociated with different drug level-response relationships among psychotic 
patient groups. 

Techniques for monitoring neuroleptic drugs have focused upon assess­
ment of drug concentrations in one of four compartments: in cerebrospinal 
fluid (CSF), in total plasma, free (in plasma water), and within blood cells 
(Fig. 1). 

2 CSF Drug Levels and Antipsychotic Response 

Whatever the relevant mechanism of action of the neuroleptic drugs is -
dopamine D2 receptor blockade (Seeman et al. 1976) or presynaptic 
depolarization inactivation (Chiodo and Bunney 1983) - such action is 
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Fig.t. Model of brain substance 
and synapse, adjacent 
cerebrospinal fluid (CSF) and in­
travascular plasma together with 
equilibrium of neuroleptic distribu­
tion among the compartments from 
which sampling for neuroleptic 
drug concentrations can occur: 
CSF, total (bound and free) in 
plasma, free (in plasma water) and 
erythrocytes. n, Free neuroleptic; 
P: n, protein bound neuroleptic; ®, 
erythrocyte neuroleptic 

P:n 

P:n 

n 

P:n 
n 

P:n 
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presumably related to the concentration of free (unbound) drug and active 
metabolites in the vicinity of critical neuronal systems. Ideally, one would 
want to measure the free (unbound) drug at critical receptors and relate such 
concentrations to clinical response parameters. Practically, the CSF and the 
concentrations of the drug in it is the closest access point to such receptors. In 
contrast to plasma, the CSF contains only a small amount of protein, and 
CSF neuroleptic concentrations are primarily the concentrations of free (un­
bound) drug. CSF drug levels may have another advantage in contrast to 
monitoring drug concentrations in the periphery for assessing such drug level­
response relationships: CSF drug levels reflect the consequence to the central 
nervous system (CNS) of the partition of drugs by the blood-brain barrier. 
Such partition is a result of continuous phospholipid (cellular) membranes as­
sociated with most capillaries and differential lipid solubility of drugs and 
their metabolites. Relatively more polar drugs and their metabolites, even 
though present in the periphery and active in in vitro models of neuroleptic ac­
tion, may be differentially denied access to the CNS. CSF measurements of 
psychotropic drug concentrations in most cases need to reflect both parent 
drug and active metabolites which get into the CNS. 

Unfortunately, only one systematic study has been reported which relates 
CSF neuroleptic levels to antipsychotic response. Performance of such studies 
is complicated by CSF drug levels which are frequently below the limit of.the 
sensitivity of assays. Wode-Helgodt et al. (1978) found that antipsychotic ef­
fects of chlorpromazine at 2 weeks of treatment were positively and sig­
nificantly (p < 0.001) related to the concentrations of chlorpromazine 
measured by gas chromatograph/mass spectroscopy in the CSF, but only a 
trend was found with plasma. (At 4 weeks of such treatment, even the sig­
nificant relationship between CSF chlorpromazine levels and morbidity score 
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dissolved). Wode-Helgodt et al. (1978) found CSF concentrations of chlor­
promazine were about 3% of that found in plasma. Patients with CSF chlor­
promazine concentrations above 1 ng/ml did significantly better at 2 weeks 
than those with lower levels; a similar trend was found for patients with 
plasma concentrations over 40 ng/ml as opposed to those whose levels were 
lower. While 27% of the variance in antipsychotic response could be ac­
counted for by CSF chlorpromazine levels, only 15% could be accounted for 
with plasma chlorpromazine concentrations. 

Rimon et al. (1981) attempted a similar study with megadoses (60 mg per 
day) of haloperidol in treatment-resistant schizophrenics. He reported that 
CSF concentrations of haloperidol (measured by radioimmunoassay) were 
5.3% of that found in plasma. Rimon et al. (1981) found no relationship 
between CSF haloperidol concentrations and therapeutic effects of the drug. 
Here the use of treatment-resistant subjects and the use of doses of 
haloperidol which produce serum levels of 50-200 ng/ml (all above the linear 
portion of the dose response curve) mitigate against finding a relationship 
between drug level and response. Forsman and Ohman (1977), using gas 
chromatography, had previously reported that CSF concentrations of 
haloperidol were 8.8% that of plasma in patients whose plasma levels were 
4.3-60 ng/ml, but they did not attempt to relate such concentrations to treat­
ment effects. However, using equilibrium dialysis and ultrafiltration, they 
reported that the free fraction of haloperidol in plasma was virtually identical 
to the concentration of haloperidol found in the CSF of the same patients 
(7.9% versus 8.8% of total plasma concentrations, respectively). 

3 Free Drug (in Plasma Water) and Antipsychotic Response 

There has been one study examining the relationship between drug (and active 
metabolites) free in plasma water (unbound) and therapeutic response. Tang 
et al. (1984), using equilibrium dialysis, found preliminary evidence that free 
chlorpromazine and active metabolites (assayed by the radioreceptor assay of 
Creese and Snyder 1977) correlated with response at the end of 25 days of 
treatment (r=0.83; n=6). Total plasma neuroleptic activity of chlor­
promazine and active metabolites also correlated with response but at a some­
what lower level (r=0.70). As against the 69% of variance in antipsychotic 
response that could be accounted for by free chlorpromazine levels, only 49% 
could be accounted for with plasma chlorpromazine concentrations. In the 
Tang et al. (1984) study an attempt to study free and total haloperidol and its 
relationship to therapeutic response was confounded by megadose '(60 mg 
haloperidol per day), which, as in the Rimon et al. (1981) study, does not dis­
tribute drug levels of patients on the linear portion of the drug response curve; 
no significant relationships were found with haloperidol. In the Tang et al. 
(1984) data, free chlorpromazine and metabolites represented 2.1 % of total 
plasma-binding activity; free haloperidol and metabolites were 4.6% of total 
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binding activity. There was considerable between-patient (but little within­
patient) variance in the proportion of free drug, which varied from 1.4% to 
9.4 % for chlorpromazine, and from 1.1 % to 3.1 % for haloperidol. The Tang 
et al. (1984) study used a radioreceptor assay for neuroleptic drug which 
measures total dopamine D2 receptor blocking activity (parent drug as well as 
active metabolite; Creese and Snyder 1977). 

4 Erythrocyte Drug Levels and Antipsychotic Response 

In studies on the relationship of drug levels to therapeutic response, a third 
strategy to approximate the relative quantity of free drug is to utilize the con­
centration of drug in a standard volume of tissue which itself equilibrates with 
the free drug. If the tissue to be assayed is identical between patients with 
respect to composition and volume, one could anticipate a linear relationship 
between the free drug and that found assayed in the tissue, providing, of 
course, that the availability of free drug remains constant (and is not sig­
nificantly decreased by its transfer to the tissue). 

Human erythrocytes generally meet the requirement for such a tissue -
virtually identical in composition between patients, in equilibrium with the 
free drug in plasma water, and easily compacted to achieve identical volumes 
for assay. In vivo animal experiments carried out by Dekirmenjian and 
coworkers (Garver et al. 1978) indicated that concentrations of the 
phenothiazine butaperazine in packed erythrocytes is correlated more strong­
ly (r=0.90) than the total plasma butaperazine (r=0.69) with brain 
butaperazine concentrations. In vitro studies showed a linear relationship 
between free drug and that found in packed erythrocytes suspended with the 
butaperazine (24% to 63 %) as varying dilutions of plasma (1 : 1 to 1 : 5) were 
added to butaperazine and erythrocytes. 

4.1 Ilutaperazine 

The first studies attempting to relate neuroleptic concentrations of 
erythrocytes and clinical effects utilized butaperazine, since this was found to 
be without significant confounding metabolites and to have a simple 
fluorometric assay. Garver et al. (1977), with replication by Casper et aI. 
(1980), found clear relationships between erythrocyte (as contrasted to 
plasma) concentrations of butaperazine and therapeutic response in a 2-week 
study with a fixed, steady dose design (Fig. 2). In these studies, a clear 
"therapeutic window" was found for erythrocyte butaperazine and its anti­
psychotic effect. However, no clear relationship could be found between 
plasma butaperazine concentrations and therapeutic effects. Whereas 52% of 
the variance in antipsychotic response could be accounted for by erythrocyte 
butaperazine levels, only 1 % of the variance could be accounted for by plasma 
butaperazine levels. 
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4.2 Haloperidol 

Attempts to relate neuroleptic levels to therapeutic response using other 
neuroleptic drugs have, in general, met with limited success. Smith et al. (1982) 
reported that maximal therapeutic effects of haloperidol at the end of 24 days 
of predetermined fixed-dose treatment occurred in patients who had an inter-
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mediate range of 2.4-5.4 ng haloperidol per milliliter packed erythrocytes (as 
opposed to above or below the range). In a subsequent study, Garver et al. 
(1984) found that erythrocyte haloperidol levels of 1.0-2.2 ng/ml (rather than 
higher) were associated with greater therapeutic response at day 7 of ftxed­
dose haloperidol treatment, but by day 14 of treatment, a meaningful 
erythrocyte drug level-response relationship virtually disappeared. In an ex­
panded study, Smith et al. (1984a, 1985) conftrmed their initial (1982) ftnding, 
and reported that a curvilinear ftt of erythrocyte haloperidol levels (with maxi­
mal response at 2.2--6.8 ng haloperidol per milliliter packed erythrocytes) cor­
related slightly better with therapeutic response at the end of 24 days of treat­
ment than did plasma haloperidol levels (Fig. 3). Erythrocyte haloperidol 
levels accounted for 32% of the variance in antipsychotic response, and 
plasma haloperidol levels accounted for 27%. All of the erythrocyte studies of 
haloperidol used gas chromatographic assays. 

4.3 Thioridazine 

Using a radioreceptor assay (Creese and Snyder 1977) for erythrocyte 
thioridazine, Cohen et al. (1980b) found that erythrocyte neuroleptic activity 
correlated linearly (r = 0.88; p < 0.01) with therapeutic response in patients 
treated with a ftxed dose of 200 or 400 mg of thioridazine. Plasma neuroleptic 
activity correlated even slightly better (r = 0.91; p < 0.01) with response 
parameters. In a predetermined, ftxed dose study using 150-750 mg 
thioridazine per day for 24 days, Smith et al. (1984b) found little relationship 
between therapeutic response and erythrocyte thioridazine (r=0.13), its 
metabolite mesoridazine (r=0.16), or the sum of the two (r=0.17) using gas 
chromatographic assays. In each case, however, the linear correlation of 
response with erythrocyte drug measurement (above) was slightly better than 
for plasma measurements (r=O.11, r=0.09, and r=O.11, respectively). Using 
a spectrofluorometric assay for "thioridazine and metabolites," Smith et al. 
(1984b) also described a signiftcant linear relationship between response and 
erythrocyte thioridazine (r = 0.41; p < 0.05) and only a trend toward response 
and plasma thioridazine (r=0.35;p<0.10). Although erythrocyte neuroleptic 
activity was not assessed with the radioreceptor assay by Smith et al. (1985), 
plasma neuroleptic activity with thioridazine correlated with response more 
strongly (r=0.47; p<0.05) than did gas chromatographic or spec­
trofluorometric assays. In the thioridazine studies of Smith et al. (1984 b, 
1985) on the same patients, it is striking that each chemically less speciftc assay 
produced higher correlations of drug levels with antipsychotic effects: for 
plasma, gas chromatographic r=0.16, fluorometric r=0.35, radioreceptor 
r=47; for erythrocyte, gas chromatographic r=0.16 and fluorometric 
r=O.41. Using gas chromatographic methods only 3% of the variance in 
antipsychotic response could be accounted for by erythrocyte or plasma 
thioridazine levels. Using spectrofluorometric assays the variance in response 
which could be accounted for was 17% for erythrocyte drug levels and 12% for 
plasma drug levels (Smith et al. 1985). Using the radioreceptor assay, Cohen 
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et al. (1980b) accounted for 77% of the response'variance with erythrocyte 
neuroleptic activity of thioridazine and metabolites; total plasma neuroleptic 
activity accounted for even more (83%) of the variance in antipsychotic 
response. 

4.4 Fluphenazine 

A single study attempting to relate fluphenazine erythrocyte concentrations 
measured by gas chromatography to therapeutic effects showed little apparent 
relationship at 2 weeks of treatment following fixed doses of 2.5-10 mg 
fluphenazine per day (Mavroidis et al. 1984c). In this same group of patients, 
plasma fluphenazine levels were also poorly related to antipsychotic con­
centrations when drug levels were measured by gas chromatography (Mav­
roidis et al. 1984a). However, the use of a radioreceptor assay on the same 
patient plasmas, showed more typical drug level-response curves (Hitzemann 
et al. 1986). In the Mavroidis et al. (1984c) data, 30% of the variance of 
response parameters could be accounted for by erythrocyte fluphenazine con­
centrations, while but 22% of this variance could be accounted for by plasma 
flupheriazine levels. 

In summary, the early hope that simple, clear relationships would emerge 
between erythrocyte neuroleptic levels and therapeutic response has born little 
fruit except with the infrequently used phenothiazine butaperazine, for which 
52% of the variance in the drug level-response relationship can be attributed 
to factors associated with the erythrocyte butaperazine level (Table 1). 
Erythrocyte haloperidol levels, which appear to account for about 32% of the 

Table 1. Variance in antipsychotic response accounted for by neuroleptic drug concentra-
tions in cerebrospinal fluid, free in plasma water or in erythrocytes, and in total plasma 

Drug Investigator Assay Cerebro- Free in Red Total 
spinal plasma blood plasma 
fluid water cells 

Chlorpromazine Wode-Helgodt GC/MS 27% 15% 
et al. (1978) 

Tang et al. (1984) RR 69% 49% 

Thioridazine Smith et al. GC 3% 2% 
(1984b,1985) 

Smith et al. (1985) SF 17% 12% 
Smith et al. (1985) RR 22% 
Cohen et al. (1980 b) RR 77% 83% 

Fluphenazine Mavroidis et al. GC 30% 22% 
(1984c) 

Haloperidol Smith et al. (1985) GC 32% 27% 

Butaperazine Casper et al. (1980) SF 52% 1% 

GC, Gas chromatography; GC/MS, gaschromatography/mass spectrometry; SF, spec-
trofluoroscopy; RR, radioreceptor assay. 
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variance in the haloperidol-response relationship, are only slightly more su­
perior to plasma haloperidol levels (27% of variance) when measured by gas 
chromatography. Erythrocyte thioridazine concentration is only slightly bet­
ter than plasma thioridazine concentration for such drug-response 
relationships, but neither appears to account for more than 3 % of the 
variance when thioridazine and mesoridazine are measured by gas 
chromatograhic methods. When assayed in the same study with fluorometric 
methods, which presumably monitor greater numbers of thioridazine 
metabolites, erythrocyte thioridazine concentration accounted for 17% of the 
variance in response. When erythrocytes were analyzed with the radioreceptor 
assay in a different study by Cohen et al. (1980b), 77% of the variance in 
response could be accounted for by erythrocyte neuroleptic activity; however, 
83% could be accounted for by plasma neuroleptic activity. The chlor­
promazine and thioridazine data, which permit contrasts between the use of 
specific (gas chromatography/mass spectrometry or gas chromatography) and 
that of functional assays (radioreceptor), suggest that metabolites of at least 
some of the parent neuroleptic do playa major role in the functional anti­
psychotic effects of some neuroleptics. The data suggest the possibility that 
the type of assay itself may be a critical element in relating both peripheral and 
central measures of drug concentrations/activity to antipsychotic response. In 
seven of eight studies (Table 1), measurements of free drug directly (free in 
plasma water or in CSF) or indirectly (in the erythrocytes) improved the fit (as 
compared with total plasma levels) between drug level measurements and 
therapeutic effects. Clearly, additional studies are needed, examining the 
relationships of erythrocyte concentration of drugs, concentrations of the free 
drug (in plasma water), and CSF drug levels in the same patients - all in 
relationship to one another and to therapeutic response. The additional as­
sessment of plasma or serum levels should also be undertaken in the same 
patients to determine under what circumstances between-patient variance in 
response parameters can be reduced by utilizing compartments other than the 
total (bound and free) drug in plasma or serum for drug level determinations. 
Neuroleptic drugs without active metabolites should be utilized in such initial 
studies until an assay that meaningfully integrates the activity of all active 
components of drug can be perfected. Despite its theoretical advantages, there 
clearly are difficulties with the present-day radioreceptor assay, which appears 
to require standardization for each neuroleptic drug separately (Cohen et al. 
1980a) and may behave erratically in the presence of unpredictable plasma 
constituents (Mailman et al. 1984). 

5 Plasma Drug Levels and Antipsychotic Response 

Most of the studies relating neuroleptic levels to therapeutic response have 
utilized serum or plasma as the compartment for drug concentration measure­
ment. As noted previously, free drug in plasma water is in equilibrium not on-
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ly With erythrocytes, but also with plasma proteins. Both between-subject and, 
sometimes, within-subject variance in the ratio of total bound to free con­
centrations of drug can be introduced by quantitative and qualitative dif­
ferences in the binding of drugs by plasma protein. Variations in quantity of 
plasma albumins effect the ratio of free versus bound neuroleptic (Bevilacqua 
et al. 1979). Wide swings in (Xl glycoproteins may similarly alter the free/total 
ratio of many psychotropic drugs despite the comparatively low affinity of 
some neuroleptics for (Xl glycoproteins (Schley and Muller-Oerlinghausen 
1983). 

5.1 Chlorpromazine 

As noted previously, the Wode-Healgodt et al. (1978) study of chlor­
promazine and therapeutic response suggested that patients with blood levels 
above 40 ng chlorpromazine per milliliter by gas chromatography/mass spec­
troscopy did significantly better than subjects with lower chlorpromazine 
levels after 2 but not after 4 weeks of treatment. 

5.2 Haloperidol 

Eight predetermined fIxed-dose drug level-response studies have been 
reported for plasma haloperidol. Wistedt et at (1984) related plasma 
haloperidol levels (assayed by high pressure liquid chromatography) and 
response at the end of 4 weeks of treatment. They found a positive linear cor­
relation of symptom amelioration and haloperidol plasma levels ranging from 
2 to 12 ng/ml. Mavroidis et at (1983), Smith et at (1984a) and Potkin et at 
(1985) each gave up to approximately 25 mg haloperidol per day to 
schizophrenic patients. At 2, 3, or 6 weeks of drug treatment, respectively, 
each of these three studies found diminished response at lower haloperidol 
plasma concentrations, generally below 7-8 ng/ml either by gas 
chromatography or by radioimmunoassay specifIc for haloperidol. Each of 
these studies also delineated an intermediate drug concentration at which 
maximal response tended to occur: at approximately 7-13 ng/ml (Mavroidis 
et al. 1983; Smith et at 1984a) or at 10--22 ng/ml (Potkin et at 1985). Each of 
these three studies also documented diminished response associated with 
higher haloperidol levels: at approximately 14-18 ng/ml (Mavroidis et at 
1983), at 14-22 ng/ml (Smith et at 1984a), and at 23-75 ng/ml (potkin et at 
1985). Diminished response associated with higher haloperidol levels 
monitored by radioreceptor assay were also reported by Contreras et at 
(1987). After 2 weeks of treatment with 20 mg haloperidol per day, 12 of 14 
patients with neuroleptic activity the equivalent of 22 ng haloperidol/ml or 
lower were responders, whereas 5 of 13 patients with levels higher than 
22 ng/ml were responders. 

In contrast to the four above described studies which suggested diminished 
response at high haloperidol plasma levels, two other fIxed-dose studies have 
found sustained antipsychotic response at high plasma haloperidol levels. In 
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the study by Linkowski et al. (1984) patients received 30 mg per day and in 
one by Bigelow et al. (1985) up to 28 mg per day. Plasma haloperidol levels 
were assayed by radioimmunoassay (Linkowski et al. 1984) or high-pressure 
liquid chromatography (Bigelow et al. 1985). Both investigators found 
sustained antipsychotic responses associated with plasma haloperidol levels of 
8-25 ng/mI (Linkowski et al. 1984) and 10--28 ng/mI (Bigelow et al. 1985) at 
the end of 6 weeks of treatment. 

Finally, in a preliminary study van Putten et al. (1985), administering 
5-20 mg haloperidol per day and assaying plasma haloperidol by radioim­
munoassay, failed to find any systematic relationship between drug level and 
response (over plasma haloperidol levels ranging from 0.2 to 18 ng/mI) after 
the 1st week of treatment. 

5.3 Tbiotbixene 

Only one predetermined, fixed dose study of plasma thiothixene and response 
has been reported which used chemical assays. In this study by Mavroidis et 
al. (1984 b), doses ofthiothixene ranged from 16 to 60 mg per day. At the end 
of 2 weeks of drug treatment, greater improvement was associated with 
plasma thiothixene levels (by gas chromatography) above 2 ng/mI; a plateau 
of continued antipsychotic response was found in patients whose plasma 
thiothixene levels were between 2 and 10.5 ng/mI. 

Van Putten et al. (1983) also reported a predetermined, fixed dose 
(0.44 mgfkg) study of thiothixene treatment and response during 4 weeks of 
treatment. Van Putten et al. (1983) measured each patient's total dopamine 
D2 receptor blocking activity using the radioreceptor assay (Creese and 
Snyder 1977). Although Van Putten et al. (1983) found improvement occur­
ring over the entire range of plasma levels, the chances of substantial improve­
ment appear greater at higher total neuroleptic levels (above 40 neuroleptic 
units) than at lower levels. 

5.4 Fluphenazine 

Two predetermined fixed-dose studies with fluphenazine and gas 
chromatography assays found strikingly similar results: diminished anti­
psychotic response at high plasma fluphenazine levels. Dysken et al. (1981) 
gave 5-20 mg fluphenazine orally for 2 weeks to recently admitted 
schizophrenics. Maximum improvement (48.8%) occurred in the patients 
whose plasma fluphenazine levels were between 0.2 and 2.7 ng/mI as 
determined by gas chromatography. Three of the patients with plasma 
fluphenazine levels above and three patients below this range showed 7.3% 
and 10.0% deterioration from baseline, respectively. Mavroidis et al. (1984a) 
using both a similar design and assay found that nine schizophrenic patients at 
0.1--0.7 ng fluphenazine per milliliter plasma had a mean 59% response at 2 
weeks of treatment, while ten patients with higher fluphenazine levels 
(0.8-2.3 ng/mI) had significantly less improvement (34.0%). Both studies 
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found diminished response at high fluphenazine levels. Hitzemann et al. 
(1986), reporting on the same group of patients as in the Mavroidis et al. 
(1984a) study, found strikingly different patterns of drug levels and response 
when radioreceptor assays were used on the same samples of plasma previous­
ly assayed by gas chromatography. Using the radioreceptor assay (Creese and 
Snyder 1977), nonresponders who had high levels of fluphenazine (by gas 
chromatography) had virtually no active metabolites in the radioreceptor as­
say. Most good fluphenazine responders had total plasma neuroleptic activity 
of 3-6 ng fluphenazine equivalents per milliliter plasma. The shape of the drug 
level-response curve was transformed by the radioreceptor assay to a more 
typical sigmoidal curve. 

5.5 Thioridazine 

As noted previously, Cohen et al. (1980 b) used a radioreceptor assay to assess 
the relationship between plasma thioridazine and response at 2 weeks in a 
predetermined, fixed dose study. The study used low doses (200--400 mgjday) 
ofthioridazine. They found response to be linearly correlated (r=0.95) with 
plasma neuroleptic activity. As also previously noted, Smith et al. (1984 b), 
utilizing a gas chromatography assay for detection of plasma thioridazine and 
mesoridazine and using fixed, predetermined doses of thioridazine ranging 
from 150 to 750 mg daily for 24 days, showed little relationship between 
thioridazine drug levels and therapeutic response. 

In summary, the data from these 15 predetermined, fixed dose studies of 
chlorpromazine, thioridazine, fluphenazine, haloperidol, and thiothixene 
generally paint a rather consistent pattern with respect to the lower portion of 
the relationship between plasma drug level and antipsychotic response: in­
creasing drug levels appear, within limits, to be associated with increased 
antipsychotic responses. This is particularly convincing in the data for 
haloperidol with gas chromatographic assays and for thioridazine when 
measured by receptor binding assay. In contrast, a relatively inconsistent pic­
ture is painted with respect to response at higher levels of the neuroleptic 
drugs. Both studies of patients receiving fluphenazine showed diminished 
antipsychotic response at high fluphenazine levels, and four of seven relevant 
studies of haloperidol similarly show diminished response at high drug levels. 
The study which used chemical assays with thiothixene had insufficient data 
points at high drug concentrations to describe the upper portion of the 
thiothixene level-response curve. However, with the radioreceptor assay, it ap­
pears as though there may be continued response at high levels of thiothixene 
and of fluphenazine and their active metabolites. The studies with chlor­
promazine and thioridazine may not have used sufficiently high doses of the 
drug with which to evaluate the upper arm of the drug level-response pattern. 
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6 Conclusion 

The attempt to use antipsychotic drug concentrations for routine drug 
monitoring and dosage adjustment is premature at this time. Major dif­
ficulties remain with the choice of relevant assays, with the choice of compart­
ment from which to measure drug levels, and in interpreting presently avail­
able studies. In particular, it is unclear whether advantages of utilizing free 
levels of drug (or derivatives thereof, as in CSF or erythrocytes) outweigh the 
added time and expense required to gather the sample and perform the assay. 
It is also unclear which drugs need to be studied with assays that monitor a 
host of metabolites, as well as the parent drug, in order to find meaningful 
relationships between drug levels and response, which can be used to guide 
treatment. Such issues remain to be solved before widespread therapeutic drug 
monitoring programs can be established for the antipsychotic drugs. 
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Active Metabolites of Neuroleptics in Plasma and CSF: 
Implications for Therapeutic Drug Monitoring 

E. MARTENSSON and G. NYBERG 1 

Neuroleptic drugs, particularly those of the phenothiazine type, give rise to 
metabolites that are pharmacologically active and may contribute to the clini­
cal effects of the drugs. In a drug-monitoring situation one must therefore 
consider not only the concentration of the parent drug but also that of one or 
several metabolites, depending on their contribution to the total clinical effect. 
Chlorpromazine and thioridazine are the two neuroleptic drugs that have 
been most thoroughly studied in this respect. Since we have been involved in 
studies of thioridazine, the present discussion is limited to this drug. A similar 
discussion would also be relevant to other neuroleptic drugs. 

A large number of unconjugated thioridazine metabolites have been 
identified in blood and urine from patients treated with thioridazine 
(Martensson et al. 1975). Unconjugated and glucoronic acid conjugated 
hydroxy metabolites have been found in urine and faeces, but their presence in 
blood has not been reported (papadopoulos et al. 1985). The structural 
formula of thioridazine and its main metabolites is shown in Fig. 1. 
Thioridazine and two of its main metabolites, the side-chain sulphoxide and 
the side-chain sulphone, have affinities to dopamine D2 receptors. The two 
metabolites also have a clinically demonstrated antipsychotic effect. Con­
sequently, these three substances are of interest to assay in a drug-monitoring 
situation. One question is, however, how much each of these contributes to 
the antipsychotic effect. 

Figure 2 shows the average relative concentration patterns of thioridazine 
and the antipsychotically active metabolites in the serum and CSF of patients. 
The concentrations of thioridazine and those of its side-chain sulphoxide are 
about equal, while the concentrations of the side-chain sulphone are much 
lower. Thioridazine and its main metabolites are highly protein bound in 
plasma (Nyberg et al. 1978). The mean free fractions are 0.18% for 
thioridazine, 1.6% for side-chain sulphoxide, and 0.94% for side-chain sul­
phone, with more than ten-fold inter-individual variations. The fact that the 
unbound plasma concentrations are of the same magnitude as the CSF con­
centrations, and that it is generally assumed that they are in equilibrium with 
each other, has led some researchers to advocate the use of unbound plasma 
concentrations as ideal for drug monitoring of psychoactive drugs. 
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Position in fhioridazine formula 
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Fig. I. Structural formula ofthioridazine and some ofits metabolites in man 
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Fig. 2. Average relative concentrations of thioridazine, (n thioridazine side-chain sulphoxide 
(TSO) and thioridazine side-chain sulphone (TSOO) in plasma, plasma dialysate, CSF, and 
CSF dialysate of thioridazine-treated patients 

The unbound concentration profile of the three substances is strikingly 
different from the total plasma concentration profile, in which the side-chain 
sulphoxide is very dominant (Fig. 2). The CSF concentration profile is some­
what different, mainly due to the fact that particularly thioridazine is to some 
extent protein bound in the CSF. If we look at the unbound CSF concentra­
tions, we have essentially the same pattern as for unbound plasma concentra­
tions. From these data one may suspect that the side-chain sulphoxide con-
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Fig. 3. Average relative dopamine D2 receptor binding activities of thioridazine (n, 
thioridazine side-chain sulphoxide (TSO) and thioridazine side-chain sulphone (TSOO) in 
plasma, plasma dialysate, CSF and CSF dialysate in patients treated with thioridazine. The 
values were obtained by multiplying the relative concentrations with corresponding relative 
dopamine D2 receptor affinities 

tributes most to the antipsychotic effect and should therefore be monitored in 
the first place. 

In in vi.tro experiments the two side-chain oxidized metabolites have 
higher affinities to dopamine D2 receptors than the parent drug. Results ob­
tained with receptor preparations from rat, hamster, sheep and calf brain, in­
dicate that the side-chain sulphoxide and the side-chain sulphone are, respec­
tively, on average about two and five times more potent than thioridazine 
(Bylund 1981; Kilts et al. 1984). Ifwe assume that the same relative potencies 
are valid for human brain, we may construct dopamine D2 receptor blocking 
profiles for plasma and CSF by multiplying the relative concentration values 
with the corresponding relative dopamine D2 receptor affinity (Fig. 3). The 
relative contribution from thioridazine then appears to be very small, 
particularly in the dialysates from plasma and CSF, while the side-chain sul­
phoxide still appears to be the most important substance. The contribution 
from the side-chain sulphone may, however, also be considerable. 

We do not know whether the drug concentrations available to the recep­
tors in the brain are the same as in the CSF; although many believe that there 
is probably a fairly close relationship. For several neuroleptic drugs, the con­
centrations in the brain tissue are higher than in the plasma, and thus 
enormously much higher than in the CSF. Data concerning drug concentra­
tions in human brain are scarce, but post-mortem analysis of brains from 
thioridazine-treated patients showed that the concentration of thioridazine 
was much higher than the concentrations of the side-chain sulphoxide and 
side-chain sulphone (Divono et al. 1978). We have found a similar human 
brain concentration pattern (thioridazine 89%, side-chain sulphoxide 10%, 
side-chain sulphone 1 %; unpublished data). 

Figure 4 shows the concentration profile and the corresponding dopamine 
D2 receptor blocking activity profiles constructed from these data. These 
profiles are quite different from the CSF profiles, with thioridazine as the 
dominant substance. If we assume that the concentration profile of the whole 
brain gives a good reflection of the concentrations available at the receptors, 
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Fig.4. Relative concentrations in the human brain and relative dopamine D2 receptor bind­
ing activities calculated as described in the legends to Figs. 2 and 3, from the concentrations 
reported by Dinovo et al. (1978). T, Thioridazine; TSO, thioridazine side-chain sulphoxide; 
TSOO, thioridazine side-chain sulphone 

the concentration of thioridazine itself would be the most important to con­
sider by therapeutic drug monitoring. The differences between the contribu­
tions from the side-chain oxides to the total dopamine D2 receptor blocking 
activities in the plasma, CSF and brain are illustrated in Table 1. 

How do these theoretical considerations accord with data available from 
clinical studies? Axelsson (1977) compared the relative antipsychotic effect of 
the side-chain sulphoxide and the side-chain sulphone with that of 
thioridazine by treating ten patients with each of the three compounds in equi­
potent doses and determined plasma concentrations at steady state. It was 
estimated that the two side-chain metabolites together accounted for only 
37% (with a wide range, from 17% to 97%) of the total antipsychotic effect of 
thioridazine treatment. This figure agrees with the relative dopamine D2 
receptor blocking activity of the two metabolites that could be calculated for 
brain tissue (Table 1). 

Table 1. Calculated relative 
dopamine D2 receptor 
blocking activity of side­
chain sulphoxide and sul­
phone 

Plasma total 
Plasma dialysate 
CSF 
CSF dialysate 
Brain 

Percent 
of total 

75 
95 
87 
93 
32 
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A study of the relationship between serum concentrations of thioridazine 
and its metabolites and the clinical response indicated that therapeutically op­
timal serum concentration intervals are age dependent both for thioridazine 
and for the side-chain sulphoxide. It was also quite clear that there was no 
relationship between the ring sulphoxide concentrations and the clinical effect 
(Axelsson and Martensson 1983). 

Determining the metabolite concentrations in plasma may be of value for 
assessment of the risk of side effects. Particularly the ring sulphoxide, which 
appears to have no antipsychotic effect but often attains plasma concentra­
tions several times higher than that ofthioridazine (Martensson et al. 1975), is 
of interest in this respect. In an experiment with dogs given either thioridazine 
or one of the metabolites (Heath et al. 1985), profound changes in cardiac out­
put and blood pressure were seen in those receiving thioridazine ring sul­
phoxide but not in those receiving thioridazine or the side-chain sulphoxide or 
sulphone. Although all four compounds increased the QRS and the Q-tc inter­
val, ventricular arrythmias were seen only in dogs receiving the ring sul­
phoxide. In a study on thioridazine-treated patients, the decrease in blood 
pressure ind~ced by the treatment was correlated to the serum concentration 
of the ring sulphoxide but not to the concentrations of thioridazine, the side­
chain sulphoxide or the side-chain sulphone. These findings indicate that the 
ring sulphoxide may play an important role in the development of serious car­
diac side effects by thioridazine treatment (Axelsson and Martensson 1983). 

In summary, we may conclude that the concentration patterns of 
thioridazine and its two antipsychotically active metabolites are different in 
the plasma, CSF and brain. If we look at the dopamine D2 receptor binding 
activities, thioridazine itself represents only a minor fraction in the CSF com­
pared to those of the two side-chain oxidized metabolites, while the opposite is 
true for brain tissue. We do not know, however, the concentration ratios 
between the substances that are directly available to the various receptors in 
the brain. The few clinical data so far available indicate a concentration-effect 
relationship, at least for thioridazine and for the side-chain sulphoxide. We 
can not say whether the concentration of one or the other of these two sub­
stances is more related to the antipsychotic effect. Determination of the 
plasma levels of the metabolites, particularly the ring sulphoxide, may 
however be of value in assessing the risk for serious side effects. 
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Hydroxybaloperidol and Clinical 
Outcome in Schizophrenia 

A. c. ALTAMURA 1, M. MAURI 1, R. CAVALLARO 1, 

M. G. REGAZZETTI 1, and S. R. BAREGGI 2 

1 Introduction 

Poor results in the pharmacotherapy of schizophrenic disorders may be at­
tributed both to pharmacometabolic and to pharmacokinetic patterns. 
Studies on the relationship of plasma level to clinical response have con­
tributed to the rationalization of treatment, although the evidence of a clear­
cut plasma level-response relationship is controversial for most neuroleptics 
(Dahl 1986}. 

In many such studies the measurement of neuroleptic drug metabolites has 
been hampered by poor sensitivity and specificity of the methods used. For 
this reason, an important variable affecting clinical response, the metabolic 
patterns, often has been omitted or misinterpreted. More recently, progress in 
analytical assays has partly solved these problems and made it possible to per­
form more sensitive and specific determinations of neuroleptics and their 
metabolites. 

For haloperidol, one of the most widely prescribed neuroleptics, a correla­
tion between plasma levels and clinical outcome has not been clearly 
demonstrated. A relationship between plasma levels and clinical response to 
haloperidol treatment or a therapeutic plasma level range has been reported 
by some authors (Mavroidis et al. 1983; Smith et al. 1985) but not by others 
(Bigelow et al. 1985; Dahl 1986 for review). This lack of homogeneity may 
stem from various sources, such as differences in patient populations, dif­
ferent times of evaluation of clinical and pharmacokinetic parameters, and 
non-detection of the main metabolite of haloperidol. 

Haloperidol metabolism seems to follow two different pathways, the first 
of which results in the formation of small inactive fragments of the molecule, 
while the other produces a reduced compound, hydroxyhaloperidol, which 
seems to be less active (25%) and to have less affinity (1/400) to dopamine D2 
receptors than the parent drug, both in vitro and in vivo (Browning et al. 1982; 
Korpi and Wyatt 1984). 

The small number of studies on hydroxyhaloperidol which have been per­
formed so far have found variable concentrations of this compound in the 
plasma of patients treated with haloperidol (Larson et al. 1983; Ereshefsky et 
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al. 1984; Shostack et al. 1988) and in post-mortem brain tissue of 
schiZophrenic patients (Korpi et al. 1984). In a preliminary study, Ereshefsky 
et al. (1984) showed that a higher ratio between plasma levels of 
hydroxyhaloperidol and those of haloperidol (RHL/HL ratio) was associated 
with poor clinical response. Our first data showed a similar relationship 
between the clinical outcome and the plasma levels ratio (Altamura et al. 
1987; 1988). The aim of this further study was to evaluate relationships 
between hydroxyhaloperidol plasma levels, the RHL/HL ratio, and the clini­
cal outcome and side effects in a larger sample of schizophrenic patients. 

2 Methods 

A total of 30 patients (24 men and 6 women), aged 17-52 years (mean, 
30 ± 1.8 SE) and diagnosed as schizophrenics according to DSM -III criteria (12 
disorganized, 5 paranoid, 13 undifferentiated), were treated with conventional 
haloperidol doses ranging from 8 to 18 mg per day (mean, 10.6 mg±0.6 SE), 
for 6 w~eks. The daily dosage was unchanged for each patient after the 1 st 
week of treatment. The clinical outcome and the extrapyramidal side effects 
were assessed, respectively, by means of the Brief Psychiatric Rating Scale 
(BPRS; Overall and Gorham 1962) and the Extrapyramidal Side Effects 
Rating Scale (EPSE; Simpson and Angus 1970). Evaluations were made at ad­
mission (time 0), after 3 weeks (time 1) and after 6 weeks of treatment (time 2). 
EEG, ECG and routine haematochemical investigations were performed at 
time 0 and time 2. Plasma haloperidol and hydroxyhaloperidol levels were 
determined by high-performance liquid chromatography (HPLC) with elec­
trochemical detection (Korpi et al. 1983) and a gas-chromatography/mass­
spectrometry assay, to confirm HPLC data, after the 3rd week of treatment. 
Statistical analysis of the data was performed by regression analysis. 

3 Results 

The plasma levels ranged from 1.3 to 16.8 ng/ml (mean, 4.8±0.6 SE) for 
haloperidol and from 0 to 16.8 ng/ml (mean, 4.7 ± 0.8 SE) for the metabolite 
(Fig. 1). The RHL/HL ratios ranged from 0 to 4.3 (mean, 1.1 ±0.2 SE). The 
haloperidol and haloperidol plus hydrxoyhaloperidol plasma levels were sig­
nificantly correlated with the daily dose of haloperidol (r = 0.4, p < 0.05; 
r = 0.38, p < 0.05). A linear positive correlation was found between 
haloperidol and hydroxyhaloperidol plasma levels (r=0.39; p<0.05). There 
was no correlation between haloperidol plasma levels and clinical response, 
evaluated as percentage improvement in BPRS ratings after 3 and 6 weeks of 
treatment. No significant correlation was found between hydroxyhaloperidol 
plasma levels or RHL/HL ratios and the clinical outcome after 3 weeks of 
treatment. However, a significant negative correlation was found between 



Hydroxyhaloperidol and Clinical Outcome in Schizophrenia 

10 

8 

~ 6 c .. 
:::> 
CT 

~ 
u. 4 

2 

265 

20 

Fig. I. Distribution of haloperidol (HL) and hydroxyhaloperidol (RHL) plasma levels 
(ng/mI) among 30 patients 

eo 
70 • ........ 

~ ........ 60 
E-< 
Z 50 • I%l • ~ 
I%l 40 
:> 
0 30 ~ 
0... 
21 20 

10 

0 

o 5 10 15 20 

RHL PLASMA LEVELS(ng/ml) 
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hydroxyhaloperidol plasma levels (r = - 0.62, p < 0.01; Fig. 2), RHL/HL ratios 
(r= -0.55, p<0.01; Fig. 3) and clinical outcome after 6 weeks of treatment. 
No correlation between haloperidol, hydroxyhaloperidol, or haloperidol plus 
hydroxyhaloperidol plasma levels and EPSE scores was observed. 

4 Discussion 

The results of this study are consistent with the hypothesis that 
hydroxyhaloperidol, the main metabolite of haloperidol, significantly in­
fluences the clinical response to haloperidol treatment. Our data do not show 
any relationship between haloperidol plasma levels and clinical response, in 
agreement with other studies (see Dahl 1986 for review). However, a sig­
nificant negative correlation was found between hydroxyhaloperidol plasma 
levels, RHL/HL ratios and clinical outcome at the end of the study. In other 
words, higher hydroxyhaloperidol plasma levels were associated with an ab­
sent or poor clinical improvement, in accordance with previously published 
data (Ereshefsky et al. 1984) and our own findings (Altamura et al. 1987, 
1988). 

The reason for this relationship might be that hydroxyhaloperidol exerts a 
lower antipsychotic activity than haloperidol. The antipsychotic potency of 
hydroxyhaloperidol was estimated to be 25% of that of haloperidol, based on 
behavioural effects in animals (Browning et al. 1982). Moreover, in in vitro 
dopamine D2 receptor binding, hydroxyhaloperidol was reported to have a 
relative activity of 25% compared to that of haloperidol and one of 40% in 
the platelet enzyme inhibition test (Rubin and Poland 1981). Korpi and Wyatt 
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(1984) found the in vitro dopamine D2 receptor binding affinity of 
hydroxyhaloperidol to be 0.25% of that of haloperidol. On the other hand, 
our data showed a correlation between hydroxyhaloperidol plasma levels, 
RHL/HL ratio and improvement after 6 weeks of treatment, but not after 3 
weeks. Side effects were not shown to be related to the plasma levels of the two 
compounds. 

These observations suggest that studies on the relationship between 
plasma level and clinical response should be extended to more than 3 weeks in 
order to assess true antipsychotic effect (Cotes et al. 1978), and, furthermore, 
that hydroxyhaloperidol plasma levels and/or RHL/HL ratios could be used 
as an early indicator of response to treatment with haloperidol. Further 
research is being undertaken to study the possible, more specific relationship 
between psychopathological aspects (i.e. single or clustered schizophrenic 
symptoms) and the metabolic patterns in patients treated with HL in order to 
closer evaluate the influence of variability in HL metabolism in determining 
clinical response in schizophrenia. Moreover, the role of the HL metabolism 
in the development of neuroleptic-induced, short- and long-term reactions 
(parkinsonis~, tardive dyskinesia) must be considered. Preliminary results 
seem to indicate that patients with high RHL/HL ratio tend to develop few, 
acute or chronic, extrapyramidal symptoms. 
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Plasma Level Monitoring 
for Maintenance Neuroleptic Therapy * 

S. R. MARDER, T. VAN PUTTEN, and M. ARAVAGIRI 1 

1 Introduction 

Schizophrenic patients differ markedly in the dose of neuroleptic that is neces­
sary to treat their acute exacerbations of illness and to maintain their remis­
sions once they have been adequately treated. Decisions about drug dosage 
during the maintenance phase are particularly problematic because the 
clinician is unable to assess a clinical response in individuals who are clinically 
stable. During this phase, the monitoring of plasma levels of neuroleptic drugs 
could provide an objective method of assessing a patient's pharmacotherapy. 
Unfortunately, there have been very few studies of plasma level measurement 
in maintenance therapy. However, the available studies (Brown et al. 1982; 
Wistedt et al. 1982) suggest that patients with lower plasma levels are more 
vulnerable to relapse. 

This report focuses on some of the problems that plague researchers who 
study relationships between clinical outcome and plasma levels in patients 
receiving long-term maintenance therapy. Particular emphasis is placed on 
studies that utilize long-acting depot drugs since these may be the preferred 
compounds (Freeman 1980) for this stage of treatment. We demonstrate that 
some of the thorniest problems associated with finding relationships between 
clinical response and plasma levels are exaggerated in studies of maintenance 
therapy and depot drugs. 

2 Defining Outcome for Maintenance Treatment 

The maintenance phase of treatment in schizophrenia begins after a patient 
has recovered from an acute psychotic episode. At that time point, one of the 
important clinical goals is to prevent the recurrence of another episode. 
Numerous clinical studies have firmly established that when stabilized 
schizophrenic patients are continued on neuroleptic medications, their rates of 
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relapse are considerably lower than those of patients who are changed to a 
placebo. There is much less evidence about the appropriate dose of 
maintenance neuroleptic or the optimal plasma level for this stage of treat­
ment. Clinical experience suggests that the best dosage and plasma level for 
maintenance therapy is considerably lower than that for the treatment of 
acute schizophrenia, but methodological problems make the comparison dif­
ficult. These methodological problems may have resulted in the relative lack 
of well designed studies of plasma levels in maintenance therapy and in the 
tendency of clinicians often to prescribe doses of neuroleptic for well stabilized 
patients that are probably more appropriate for the treatment of acute 
psychosis. 

Among the problems in maintenance studies is the measurement of out­
come. In acute studies, clinicians can compare the amount of improvement or 
the lack of it that occurs at different plasma levels. In maintenance therapy, 
patients begin the study in a stable condition, and the clinician is forced to 
measure a negative outcome - psychotic relapse or exacerbation. Another 
problem is the length of time which the observer must wait between the time 
when a dose is measured and the time when the outcome is evaluated. 
Whereas the clinical response in acute treatment occurs relatively rapidly, in 
days or weeks, the response in maintenance treatment requires a much longer 
period of time. When well stabilized patients have their medications dis­
continued, the majority of relapses occur 4-6 months later. Therefore, most 
maintenance studies require at least 1 year, and perhaps 2 or 3, for measuring 
outcome. 

The importance of the manner in which outcome is defined is 
demonstrated by the following study from our laboratory (Marder et al. 
1987). We evaluated clinical outcome in a study in which schizophrenic 
patients were randomly assigned to receive either 5 mg or 25 mg fluphenazine 
decanoate. Patients were followed for 2 years, and outcome was measured at 
frequent intervals using measures of clinical psychopathology and side effects. 
We struggled to find the best definition of relapse, since the most common 
definition, rehospitalization, appeared to us to be unsatisfactory. This is be­
cause the decision to hospitalize is often influenced by social factors that are 
only peripherally related to psychopathology. We resolved the issue by using 
two separate definitions of negative outcome. The first we called psychotic ex­
acerbation, defined as a worsening of 3 or more points on the Brief Psychiatric 
Rating Scale (BPRS) factor scores for thought disturbance or paranoia. This 
is a rather sensitive measure and defines minor features of clinical worsening 
that are rather common for schizophrenic patients. The more serious negative 
outcome was called psychotic relapse, defined as a psychotic exacerbation that 
could not be controlled within a few days when the dose of fluphenazine 
decanoate was increased to as high as 10 mg in the low-dose group or 50 mg in 
the high-dose group. 

Defining these two levels of outcome was important because the clinical 
results were very different. Figure 1 demonstrates a survival analysis in which 
the vertical axis represents the percentage of patients who remain in the study 
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Fig. I. Two-year survival analysis of 
patients without exacerbation. 
Patients received fixed doses of 
fluphenazine, either 5 mg (crosses) or 
25 mg (diamonds). (From Marder et 
al.1986) 
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without exacerbations at any given time on the original fixed dose. During the 
2nd year, the two doses demonstrated very different survival rates. Although 
the patients receiving 5 mg continued to relapse at approximately the same rat 
as they did during the 1st year, patients receiving the conventional dose had a 
negligible exacerbation rate. The actual 2-year survival rates were 31 % on 
5 mg and 64% on 25 mg. The end-point survival rates were significantly dif­
ferent (p < 0.05). The analysis shown in Fig. 2, on the other hand, uses 
psychotic relapse as the indicator of negative outcome. In this case, the two 
doses appear approximately equal. The slight difference between the two 
dosage groups is not statistically significant. 

Our findings also indicate other problems associated with outcome 
measurement. Even though the low-dose patients were more vulnerable to 
psychotic exacerbations, we found that these patients felt better, as indicated 
by lower scores on items from the SCL-90R (Hopkins Symptom Checklist-90, 
Revised), a self-report measure for subjective distress. These scores were high­
ly correlated with scores for akathisia and retardation, suggesting that 
patients on the higher doses experienced more extrapyramidal side effects, as 
manifested in increased anxiety and depression. Thus, in evaluating outcome 
in maintenance therapy the clinician may be performing a complex cost­
benefit analysis in which the amount of protection that a patient receives is 
weighed against the discomfort resulting from the treatment itself. 

There are other problems associated with the long intervals during which 
maintenance patients need to be evaluated. During this period of time, usually 
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Fig. 2. Two-year survivaI analysis of 
patients without relapse. Patients re­
ceived dose ranges of fluphenazine, 
either 5-10 mg(crosses) or 25-50 mg 
(diamonds). (From Marder et aI. 
1986) 

1-2 years, patients are likely to be exposed to numerous environmental factors 
that can have an important effect on outcome. These are different than the 
relatively controlled conditions that exist in a psychiatric hospital. Studies 
from a number of cultures reveal that environmental stress, particularly 
criticism expressed within the patient's family, can have powerful effects on 
relapse rates. This results in an important source of variance in outcome that 
is uncontrolled by the research team. 

3 Plasma Level Measurement in Maintenance Therapy 

As mentioned previously, patients are usually treated with much lower drug 
doses during maintenance therapy. This creates an obvious problem for 
measuring plasma levels of certain neuroleptics, which may have been low for 
patients treated with conventional levels. The most obvious example is 
fluphenazine. A number of studies indicate that acutely ill patients cOlimlonly 
have a clinical response with plasma levels below the nanogram range (Dys­
ken et al. 1981; Mavroidis et al. 1984; Tune et al. 1980; Dudley et al. 1983). 
Plasma levels may be considerably lower for patients treated with 
fluphenazine decanoate. For this reason, studies of fluphenazine plasma levels 
have often required the sensitivity of a radioimmunoassay. 
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4 Problems for Studies of Depot Neuroleptics 

Long-acting injectable neuroleptics, or depot neuroleptics, have certain 
characteristics that make studying these drugs considerably more difficult 
when compared with oral drugs. Among these is the length of time it takes 
these drugs to reach a steady state. Figure 3 is from the aforementioned study 
(Marder et al. 1986) in which chronic schizophrenic patients were randomized 
to either 5 or 25 mg fluphenazine decanoate administered every 2 weeks. 
Fluphenazine levels were measured at regular intervals using a radioim­
munoassay developed by Midha and his colleagues at the University of Sas­
katchewan. The most important data comes from the group randomized to 
the higher dose. On the 25-mg dose, patients required as long as 3-6 months to 
reach a steady state. Others (McCreadie et al. 1986; Gelders 1986) have 
reported similar results for haloperidol decanoate, although Deberdt et al. 
(1980) reported that haloperidol reached a steady state after only two monthly 
injections. 

The length of time that it takes for depot neuroleptics to reach a steady 
state can be a significant problem for researchers and clinicians. The resear­
cher should be cautious about interpreting a plasma level during the first 
several weeks of treatment since the patient may not be at steady state, 
resulting in the conclusion that the dosage is too low. It is important, there-
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Fig.3. Mean plasma levels of fluphenazine in patients receiving doses of fluphenazine 
decanoate every 14 days, either 5 mg (squares; n= 12-26) or 25 mg (crosses; n=9-19). Dif­
ferences between the two dosage groups are statistically significant at 8 weeks and thereafter. 
(From Marder et al. 1986) 
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Fig. 4. Six-month prolactin levels in patients who exacerbated (n = 22) and those who did not 
(n= 15). Fluphenazine dose was either 5 mg (asterisks; n=23) or 25 mg (diamonds; n= 14). 
(From Wilkins et al. 1987) 

fore, that clinicians design studies with a duration that is long enough that 
all subjects will have a sufficient number of observations following steady 
state. For the clinician, the problems are somewhat different. If the 
clinician is cautious and starts a patient's treatment at a relatively low dose, 
there is likely to be a significant period of time - perhaps 1-3 months - during 
which the patient may be significantly undertreated. This would result in the 
patient being more vulnerable to relapse. If too high a dose is selected, the 
patient may gradually become exposed to a dose which is higher than neces­
sary and perhaps even toxic. There are three possible solutions to this 
dilemma: (a) supplement the patient with oral medication during the vul­
nerable months when the depot drug is reaching a stable steady state; (b) start 
the patient at a high or loading dose of depot drug during the first injections 
and decrease the dose during subsequent injections; and (c) use a shorter inter­
injection interval during the first several months. Currently, there is 
inadequate information available to guide clinicians during the early days of 
depot treatment. 
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In our studies, we confronted this problem by analyzing data on blood 
levels after patients reached steady state (Wilkins et al. 1987). This is il­
lustrated by our method for evaluating the relationship between prolactin 
levels and clinical outcome, using the same study previously mentioned in 
which doses of 5 and 25 mg fluphenazine decanoate were compared. In order 
to analyze the relationship between these levels and subsequent exacerbations, 
we chose the 6-month level as the index since this appeared to be the point at 
which patients had reached a reliable steady state. We then compared this 
level with exacerbation rates during the next 18 months. Figure 4 displays the 
6-month prolactin levels for patients who exacerbated and those who did not 
during the subsequent 18 months. The values for patients who exacerbated 
were significantly lower (p = 0.017). It is also notable that there is a wide range 
of prolactin levels among the patients receiving 5 mg. This suggests that even 
with depot drugs there is considerable variability in plasma levels for patients 
receiving the same dose. Figure 5 demonstrates the respective rates of 
exacerbation-free survival among patients who had 6-month prolactin levels 
above and below the mean of 11.5 ng/mI. Survival was significantly higher 
among those with the higher prolactin levels. 
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Fig.5. Survival analysis for psychotic exacerbations in patients treated with fluphenazine, 
with 6-month prolactin levels either above (asterisks) or below (diamonds) the mean of 
11.5 mgjnl. Differences are statistically significant (p = 0.03, Wilcoxon ,,2; p = 0.05, log-rank 
,,2). (From Wilkins et al. 1987) 
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We also studied the relationship between 6-month fluphenazine levels and 
exacerbation. Although the mean fluphenazine level at 6 months was lower 
for patients who exacerbated during the subsequent 18 months (0.57 ng/ml for 
exacerbators versus 1.01 ng/ml for patients who remained stable), this dif­
ference was not statistically significant. It may be that with a larger sample 
size a significant difference would have been found. 

5 Drug Metabolism for Depot Neuroleptics 

Some of the antipsychotic effect of neuroleptics may be related to psychoac­
tive metabolites. For example, important major metabolic pathways of 
phenothiazine neuroleptics include sulfoxidation, N oxidation, oxidative N 
dealkylation, ring hydroxylation, and glucuronidation. It is likely that a con­
siderable amount of the variance among patients in plasma levels, dosage, and 
clinical response is related to differences in metabolism. Drug metabolism 
probably differs substantially when patients are changed from the oral to the 
depot form of the same drug, since the depot form avoids first-pass hepatic 
metabolism. 

Perhaps the best studied metabolic pathway for the phenothiazines in­
volves the oxygenation of the ring sulfur atom to form sulfoxide derivatives. 
Early reports (Dahl 1976; Dahl and Strandjord 1977) suggested that sulfoxide 
metabolites could be found in plasma after the oral administration of 
phenothiazines but not after their parenteral administration. However, Hart­
mann et al. (1983) have reported that sulfoxidation of chlorpromazine can oc­
cur in the small intestine, suggesting that this metabolic pathway may be a fac­
tor for patients treated parenterally. Evidence that sulfoxidation actually 
takes place in patients treated with fluphenazine decanoate is provided in a 
recent report by Midha et al. (1987). Using a radioimmunoassay method 
which had been confirmed by gas chromatography/mass spectrometry, they 
found fluphenazine sulfoxide in 97% of samples taken from 30 schizophrenic 
patients who had been maintained on chronic fluphenazine decanoate without 
any administration of oral fluphenazine. Interestingly, the levels of 
fluphenazine sulfoxide were nearly as high as those of the parent drug. Since 
there was a considerable amount of variation in sulfoxide levels among 
patients, it is conceivable that differences among patients in metabolism may 
be clinically important. We are currently involved in ongoing studies to 
determine the utility of measuring other metabolites in addition to the parent 
drug and its sulfoxide metabolite. Our collaborators have already developed 
radioimmunoassay methods for measuring 7-hydroxyfluphenazine and 
fluphenazine N-oxide. We have found these metabolites in the plasma of 
patients on both oral and depot fluphenazine in quantities that are similar to 
that of the parent drug. Determining the clinical importance of these sub­
stances will be a difficult statistical challenge. 

The impact on plasma levels due to changing a patient from oral to depot 
fluphenazine was demonstrated in a recent study from our laboratory. We 
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Fig. 6. Mean fluphenazine and flu­
phenazine sulfoxide levels in eight 
patients treated with oral and 
depot fluphenazine. Ratio of 
fluphenazine to fluphenazine sulf­
oxide: oral, 2.99; depot, 1.01. Diffe­
rences are statistically significant 
(p = 0.0002, ttest) 
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were interested in differences in drug metabolism between the oral and depot 
forms and whether there was a relationship between how an individual patient 
metabolized a drug and its route of its administration. Eight newly admitted 
psychotic patients were first stabilized on oral fluphenazine for at least 4 
weeks. Following stabilization, the oral drug was discontinued, and 
fluphenazine decanoate was administered in doses between 5 and 25 mg every 
2 weeks. Plasma levels of fluphenazine and fluphenazine sulfoxide were 
measured at regular intervals, but only after patients had been on the same 
dose of the oral drug for 1 week and the depot drug for 3 months. As noted in 
Fig. 6, the levels of both substances were higher for the oral route. This is not 
very interesting since the intention of the clinician was to use the lowest effec­
tive dose for maintenance therapy. More interesting is the difference in the 
ratios of the parent drug to its sulfoxide metabolite. In the orally treated 
patients, the concentration of the sulfoxide metabolite was approximately 
three times the concentration of the parent drug, whereas the patients on 
depot drugs had levels of parent drug and metabolite that were similar 
(p = 0.0002). This supports the view that sulfoxidation of the parent com­
pound is likely to be a much more important factor for patients treated with 
an oral as opposed to a depot phenothiazine. 

The presence of these metabolites may explain why studies which have in­
vestigated the relationship between plasma level and dose of fluphenazine 
have generally not found a strong relationship. An exception is a study by 
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Cohen et al. (1985) which found a correlation of 0.75 (p<0.OOO1) between 
blood level and dose for patients treated with decanoate and enanthate esters. 
This later study differed from others in that a radioreceptor assay method was 
used. Since this method measures the activity of both the parent compound 
(i.e., fluphenazine) as well as its active metabolites, it may be that the strong 
relationship which Cohen et al. (1985) found was present because a major 
source of variation between patients - the efficiency of drug metabolism - was 
decreased. 

Haloperidol appears to have a simpler and less variable metabolism, and 
as a result relationships between plasma level and clinical outcome may be 
easier to identify. For haloperidol decanoate, there appears to be a relatively 
high correlation between dose and plasma level (De Buck et al. 1981; Reynt­
jens et al. 1982; De Cuyper et al. 1986). McCreadie et al. (1986) have reported 
less variation in neuroleptic plasma levels with haloperidol decanoate than 
with fluphenazine decanoate. This parallels studies with oral haloperidol 
which also demonstrate less variation in plasma levels when compared with 
oral fluphenazine (Van Putten et al. 1985). 

6 Conclusions 

Despite all of the problems associated with finding relationships between 
plasma level and clinical outcome in maintenance therapy, there are im­
portant reasons for researchers to continue studies in this area. The most im­
portant reason may be the cost of an error in dosing during maintenance 
therapy. If the clinician sets the dose at too high a level, patients may be at a 
greater risk for tardive dyskinesia. In addition, manifestations of ex­
trapyramidal side effects such as akathisia and akinesia can be tormenting and 
may interfere with a schizophrenic patient's rehabilitation. If the dose is set at 
too low a level, the patient may be more vulnerable to psychotic relapses, 
which can be costly in terms of lost jobs, unfulfilled family responsibilities, 
and diminished self-esteem. These clinical realities may help to sustain resear­
chers who are frustrated by all of the problems associated with studying this 
phase of treatment. 
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Perphenazine Serum Levels in Patients on Standard Doses 

F. HAFFNER 1 

1 Introduction 

Concentration measurements of antipsychotic drugs may be useful in 
monitoring patient compliance and in evaluating adverse drug effects (Dahl 
1986). Poor compliance seems to be underestimated as a source of drug failure 
(Hulka et al. 1976). The problem is of daily concern in psychiatric hospitals as 
well as at outpatient centres and in private practice. As a consequence, many 
physicians and psychiatrists are misled in their efforts to establish the right 
dose. Variable compliance, resulting in wide daily fluctuations of drug con­
centrations, may increase the risk of developing toxic symptoms and tardive 
dyskinesia (Kane et al. 1985), a hazard which seems to increase with dose and 
the length of treatment (Casey 1985). Poor compliance may also lead to 
abandoning a potentially good medicine on false premises. 

Pronounced inter-individual variation in pharmacokinetics has been 
shown for several neuroleptics (Dahl and Strandjord 1977; Dahl 1982; Dahl 
and Hals 1986). A similar variability has been shown to be of clinical im­
portance in treatment with antidepressants (Gram 1977; Sjeqvist et al. 1980; 
Gram et al. 1982; Bresen and Gram 1988). There is no reason why these prin­
ciples should not apply to neuroleptic drugs as well. High and very high doses 
of neuroleptics are still popular in many institutions. As recently pointed out, 
however, in a retrospective analysis of published results on drug therapeutic 
concentrations for different neuroleptics (Baldessarini et al. 1988), there is no 
solid evidence for the postulated good effect of high neuroleptic doses. 

Much is known about the metabolism of antipsychotic drugs (Jergensen 
1986), but there is still disagreement concerning recommended serum con­
centrations of the drugs. Despite numerous studies on the use of antipsychotic 
drug concentrations in monitoring patient treatment, the value of such 
monitoring is still open to discussion. One reason for the lack of conclusive 
data is that the process of establishing therapeutic ranges is a tiresome and 
time-consuming task which requires drug concentration measurements in well 
designed studies with good analytical and biological precision and preferably 
with fixed doses at different levels. 

The somewhat inconclusive and conflicting reports may partly be due to 
incongruent patient material, lack of correlating factors, or both. A re-
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analysis of results from controlled studies of acute psychosis treated with 
fluphenazine (Kane et al. 1983; Kane 1985; Marder et al. 1984; Hogarty et al. 
1976, 1979; Rifkin et al. 1977) leads to the conclusion that monitoring of 
serum concentrations of haloperidol and fluphenazine is of definite value. 
Similar results have been reported with perphenazine (Bolvig Hansen et al. 
1982; Bolvig Hansen and Larsen 1985). 

2 Serum Perphenazine Concentrations 

The main objective of the present study was to evaluate the importance of 
determining serum concentration of perphenazine in the treatment of 
psychoses. Between June 1987 and February 1988,431 sera from 292 patients 
were analysed. The samples (5-6 m1) were submitted by 53 different institu­
tions, ranging from university psychiatric hospitals to private practices. Of 
these, 209 were single samples, and the remainder were two or more samples 
from 83 patients. The samples received from university hospital represented 
only a small fraction, about 10% of the total. The serum samples were 
received mostly by mail after 1-3 days and were analysed immediately upon 
arrival or stored at - 20 DC until analysed. The mean time between sampling 
and reply to the clinicians for the first 100 samples was 12 days (range 3-19 
days). 

Along with the samples, a completed questionnaire was requested, giving 
information on previous neuroleptic treatment, duration of perphenazine 
treatment, dose, dosage form, concomitant drug use, clinical evaluation, 
antipsychotic and adverse drug effects, as well as results from earlier per­
phenazine assays. Serum perphenazine concentrations were determined using 
high-pressure liquid chromatography (HPLC), as described by Larsen et al. 
(1985). The clinicians were informed about the serum concentrations with a 
written comment for each patient, giving advice on dosage, also taking other 
drugs into consideration. The various institutions were encouraged to contact 
the laboratory to discuss unexpected results or difficult patients. 

The concentrations in the first sample from each patient are presented in 
Fig. 1. Thirteen of the values in the column" > 30 nmol/l" represent sera with 
massive doses of other interfering substances, which made it impossible to ob­
tain a concentration value. While 151 of the patients (52%) had serum values 
above the recommended range (2-6 nmol/l), 108 patients (36%) were within 
the recommended range, and 34 (12%) were below. In six of these cases non­
compliance was suspected. In 41 patients dose changes were implemented fol­
lowing the information on perphenazine levels provided by the laboratory. 
This resulted in significantly more patients having levels below the upper limit 
of the therapeutic range. Twelve patients were reported to improve, in terms 
off ewer side effects (n = 4) or better antipsychotic effect (n = 8). 

The observation that neuroleptics may be less effective at high doses is not 
commonly accepted, although this has been suggested for haloperidol 
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Fig.t. Distribution of perphenazine serum concentrations in 292 patients examined during 
the 1st year of the study. The wide variation illustrates large differences in treatment 
strategies between different institutions and for different patients 

(Neborsky et al. 1981), fluphenazine (Kane 1985; Marder et al. 1984) and per­
phenazine (Bolvig Hansen et al. 1982). There are also those who still ultra­
high doses, but, as pointed out by Baldessarini et al. (1988), there is a definite 
lack of evidence for the beneficial effect of this procedure. 

The present study shows that a significant number of patients on conven­
tional perphenazine doses have serum levels above the recommended range. 
Furthermore, the majority of patients showed no deterioration after dose 
reduction. 
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Dose-Finding Problems with Psychotropic Drugs 



From Animal Experiments to Clinical Dosing: Some 
Aspects of Preclinical Development of Antidepressants 

A. DELINI-STULA 1 

1 Introduction 

In the preclinical evaluation of new drugs several questions must be answered 
before a drug can be released for administration to humans. Obviously, the 
first question is always: Does the drug possess the desired pharmacological ac­
tivity at all? If such activity is identified, there are other important questions 
which may be answered only in more elaborate studies. During the various 
phases of preclinical evaluation of a new drug (Table 1) the potency and dose 

Table 1. Experimental phases and decision steps in the preclinical 
evaluation of drugs 

Preclinical phase 

Phase I: First screening 

Phase II: Elaborate screening 

Phase III: Broader 
characterization 

Decision criteria" 

Interesting (desired) activity 
Relative potency 
Approximate toxicity 

Confirmation of activity 
Dose dependency 
Side effect profile 
Bioavailability after oral treatment 
Acute/subacute toxicity 

General pharmacology 
Metabolism, distribution, excretion 
Chronic toxicity 
Mutagenicity 

" The decision criteria listed here may be modified, as they are largely 
dependent on the specific objective and the selected screening strat­
egy (mechanistic, behavioural) for drug development. The criterion 
for deciding on further development at the end of phase I is usually 
that of sufficiently potent activity. The number of criteria relevant for 
decision increases with each stage. 

dependency of effects, general and specific toxicity, its relationship to the 
desired activity, and additional pharmacological effects and their relation to 
the main effect must be established. The findings generated in each phase of 
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preclinical studies determined the decision as to further development of the 
drug for a particular indication. In other words, the pharmacological objec­
tives of drug research in animals consist of the evaluation of the profile and 
mechanism of action and thus the prediction of the therapeutic properties, ef­
ficacy and side effect profile of a drug. 

For every therapeutic indication extrapolations from animal experiments 
to man present various difficulties. Even if animal models that faithfully repli­
cate the disease are available, and the pharmacodynamic principle of action is 
clearly defined and objectively quantified, there are still many other unknown 
or unpredictable factors which may invalidate such extrapolations. Often, for 
instance, the metabolism and disposition of the drug in the body of individual 
species and man are different. It is impossible to forecast such difference in ad­
vance. Obviously, these factors may interfere with the therapeutic efficacy of 
the drug even if the pharmacodynamic principle of action has been validated 
in animals and in man. 

Research on psychotropic drugs encounters particular difficulties. For 
many psychiatric conditions, the adequacy of animal models has not been 
established beyond doubt. For some mental disorders there are not even any 
rationally designed models. The exact mechanism of action of psychotropic 
drugs is not always certain, and even if a pharmacodynamic principle is 
identified or presumed, objective criteria for identifying the corresponding 
functional responses in man may not be available, thus making direct correla­
tions and validations of animal findings and findings in man impossible. In 
this respect, research on antidepressants presents a particularly illustrative ex­
ample of the possibilities and the limitations which animal experiments offer 
in terms of the prediction of therapeutic potential and efficacy of drugs. 

2 Preclinical Strategies in the Development of Antidepressants 

In general, organization of the screening and selection of the battery of tests 
which should permit the assessment of drug activity in animals is dependent 
largely on the type of drug or the activity that one is looking for. In other 
words, the test battery is conceived to match the rationale for, or hypothesis 
about, the pharmacodynamic principle underlying therapeutic action in man. 
In this respect, in the preclinical evaluation of drugs serendipity is today large­
ly replaced by a rational approach in which the search for desired activity is 
based on the a priori formulation of a biological hypothesis. Either of two 
major approaches may be selected for designing a screening battery aimed at 
detecting the desired type of pharmacological activity of a drug, the 
mechanistic and the behavioural. The mechanistic approach is based on the 
assumption that specific effect on a specific and defined brain structure or 
system (neuron, receptor, enzyme) constitutes a therapeutic principle of a 
drug action. The behavioural approach assumes that there are correlations 
between the behavioural responses in animals and in humans and that changes 
may be induced in animal behaviour which simulate psychopathological con-
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Table 2. Examples of mechanistic strategies in the search of antidepressants 

Desired specific action Target structure system 

Selective inhibition of reuptake Noradrenaline neuron 
Serotonin neuron 
Dopamine neuron 

Selective inhibition of MAO MAO-A enzyme 
MAO-B enzyme 

Release of noradrenaline !X2-Receptor 

Increase of "second" messenger concentration Adenylate cyclase 
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Prototype drug 

Maprotiline 
Fluoxetine 
Bupropion 

Brofaromine 
MD780236 

Idazoxan 

Rolipram 

ditions in man; the particular effect of a drug on selected and defined 
categories of behavioural responses in animals should therefore be predictive 
of therapeutic activity in man. 

These two approaches have been applied in the evaluation of antidepres­
sant drug potential in animals. Under the assumption that the monoamine 
hypothesis of depression is true, a new drug would be sought that corrects the 
assumed monoamine deficit. Table 2 presents examples of concepts which 
may be applied in a mechanistic screening approach to new antidepressants. 
Classical behavioural models for the screening of antidepressants do not fol-

Table 3. Examples of the most common functional screening models (tests) used for the 
evaluation of antidepressants 

Test system Species Validity 

Reserpine-induced hypothermia Mouse Sensitive to noradrenaline-uptake inhibitors 
and directly acting sympathicomimetics, 
less sensitive to MAO inhibitors, insensitive 
to serotonin-uptake inhibitors and "atypical" 
antidepressants (trazodone) 

Tetrabenazine-induced catalepsy Rat Sensitive to noradrenaline inibitors, MAO-
inhibitors and dopamine-stimulant drugs, 
insensitive to serotonin-uptake inhibitors 
and "atypical" antidepressants 

Amorphine-induced hypothermia Mouse Sensitive to noradrenaline-uptake inhibitors 
and mixed uptake inhibitors, p-agonists and 
serotonin agonists-inhibitors irregular 
response to MAO 

Clonidine-induced hypothermia Mouse Sensitive to !X2-receptor blockers and 
p-agonists, insensitive to uptake blockers 
and MAO-inhibitors 

Behavioural "despair" Mouse Sensitive to dopamine agonists, less 
sensitive to noradrenaline-uptake inhibitors, 
insensitive to serotonin-uptake inhibitors, 
MAO-inhibitors and p-agonists 

Behavioural "despair" Rat Seems sensitive to all antidepressants after 
chronic administration 
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low a behaviouristic strategy but reflect the assumption essentially that im­
paired functions or behavioural responses induced by catecholamine deple­
tion simulate a state of depression. The ability of a drug to correct for such 
deficit is then euqated with antidepressant potential. Table 3 presents ex­
amples of functional or behavioural models which are commonly used in the 
evaluation of antidepressant drug activity and an overview over their validity. 
It is evident that, with the possible exception of the behavioural despair test in 
the rat, biochemical and behavioural models are interdependent in that 
biochemical properties of drugs largely determine in which functional test a 
drug will exert its activity. 

3 Limits of Extrapolations from Animals to Man 

In the case of antidepressant drugs, the major problem in extrapolating find­
ings from animals to man, however, is that their exact mechanism of action is 
still unknown. The hypothesis that the inhibition of the neuronal uptake 
process of monoamines is the essential prerequisite of antidepressant action 
was seriously challenged already when it was found that drugs such as 
iprindole, mianserin and trazodone, which do not appreciably influence up­
take mechanisms, have therapeutic activity. However, since there are no con­
vincing examples of drugs which exert monoamine uptake-inhibiting effects in 
animals and man and are not antidepressants, it seems reasonable to assume 
that such inhibition may playa role in determining the therapeutic efficacy of 
these drugs. However, as illustrated in Table 4 the potency of amine uptake in­
hibition, determined in various in vitro or in vivo systems (Maitre et a. 1980, 
1982) does not seem to bear any relationship to the clinical potency of a large 
series of antidepressants with established therapeutic efficacy. It is striking 
that clinical dosing of all these drugs is about the same, although they are so 
different in terms of biochemical profiles and potency of action. Also, in clini­
cal investigations the attempts to demonstrate correlations between the up­
take inhibiting potency, measured either directly or indirectly (for instance, 
serotonin in platelets or 3-methoxy-4-hydroxyphenylglycol (MHPG) con­
centrations in blood or urine) and therapeutic outcome, have mostly failed 
(Lingjaerde 1980; Charney et al. 1981; Beckmann and Goodwin 1975). Some 
recent results suggest, however, that effectiveness of noradrenaline uptake 
blockade may be relatively more important for the recovery in bipolar than in 
unipolar patients (Bowden et al. 1987). It is also interesting that during treat­
ment with clomipramine a correlation was recently reported between clinical 
improvement and reduced platelet serotonin content (indirect measure of 
serotonin uptake inhibition) in adolescent patients with obsessive-compulsive 
disorders (Flament et al. 1987). 

Assuming that the global antidepressant effect is the sum of particular ef­
fects on various systems and on psychopathological signs, the combination of 
which is characteristic of depression, the failure to predict such therapeutic ef-
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Table 4. Relative potencies of antidepressants in inhibiting 
noradrenaline and serotonin-uptake in relation to clinical therapeutic 
doses. (Modified from Delini-Stula 1986) 

Drug 

Tricyclics 
Imipramine 
Desipramine 
Clomipramine 
Amitriptyline 
~ortriptyline 
Doxepin 
Trimipramine 

~on-Tricyclics 
Mianserin 
Maprotiline 
Oxaprotiline . 
Viloxazine 
~omifensine 

Zimelidine 
Citalopram 
Fluoxetine 
Fluvoxamine 
Cinopramine 
Ifoxetine (CGP 15210) 
Levoprotiline 

Inhibition of uptake 
in the rat brain 
(EDsomg/kgp.o.) 

~oradrenaline Serotonin 

17 
11 
80 

100 
150 
300 

~300 

>100(32%) 
140 

10 
40 
14 

~100 

~100 
~100 
~ 30 

13 
~100 
~300 

50 
180 

15 
120 
200 
85 

~300 

~100 
~300 
~300 

150 
60 

6 
2 
8 
5 
0.6 
5 

~300 

~ At given dose no inhibition. 
a According to the first clinical results. 

Mean oral 
daily dose 
(mg) 

150 
100-150 
75-150 
50-150 
75-150 

150 
100-400 

60-150 
75-150 

150 
150-300 
150 
200 

25-- 60 
20- 60 

100-300 
5- 11 

100-150" 
75--150" 

291 

ficacy on the basis of only a few biochemical variables is understandable. Ac­
cording to this view, it might be expected that the effectiveness of antidepres­
sants in functional or behavioural models would be better explained regarding 
therapeutic potency and profile of action. However, also the functional 
models of depression, commonly used for the evaluation of antidepressant 
properties, have their limitations. As noted above, these limitations relate to 
the fact that the biochemical and behavioural/functional tests commonly used 
for determining antidepressant activity of drugs are largely interdependent. 
The effects of antidepressants assessed in these models mostly reflect, there­
fore, their biochemical properties, which implies that certain tests detect only 
certain categories of antidepressants. For instance, selective inhibitors of 
noradrenaline uptake are effective in monoamine-depleted animals 
(antagonism of reserpine- or tetrabenazine-induced signs of depression), but 
inactive in tests based on interaction with c10nidine or L-5-HTP. By contrast, 
selective inhibitors of serotonin are practically inactive in all models except 
those based on interaction with the serotonergic system. The behavioural 
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despair model in mice (porsolt 1981), which is of interest because it is con­
ceptually independent of the catecholamine theory of depression, is rather in­
sensitive to antidepressants if they are given in single doses. However, be­
havioural despair in rats appears to offer a paradigm which sensitively detects 
antidepressant type of activity if drugs are administered subchronically 
(Delini-Stulaeta1.1988). 

The limitations of the models discussed above must also be viewed in 
terms of the fact that they do not even fulfil all the necessary criteria for 
validity as proposed by McKinney and Bunney (1969). Four of the postulated 
criteria are: (a) similarity of inducing conditions, i.e. aetiology, (b) similarity 
of behavioural symptoms, (c) common underlying neurobiological 
mechanisms, and (d) reversal of abnormal behaviour by the same clinically ef­
fective techniques. Criteria (a) and (c) are certainly not fulfilled, and criteria 
(b) and (d) are fulfilled only in part. 

Figure 1 illustrates the relative potency of several antidepressants assessed 
in various functional tests in comparison to imipramine. Again, great dif­
ferences can be noted both with respect to their overall profiles of action and 

Relative potency 
(Imipramine ~ 1) 

Desipramine Nortriptyline Clomipramine Maprotiline Doxepin Amitriptyline Mianserin 

E;I Sedation ~ Noradrenaline· 
activation 

ri! Serotonin· 0 Antihistamine effect • Anticholinergic effect 
activation 

Fig.I. Relative potencies of sedative, noradrenergic and serotonergic activation and 
antihistaminic and anticholinergic properties of antidepressants, in relation to that of im­
ipramine. The potency of imipramine was arbitrarily normalized to 1. The ratios were calcu­
lated on the basis of in vivo EDso (mg/kg p.o.) for inhibition of exploratory activity (rat), 
antagonism of reserpine ptosis and sedation (rat), potentiation of L-5-RTP excitation (rat), 
prevention of histamine toxicity (guinea-pigs) and antagonism of physostigmine toxicity 
(rat). (Modified from Delini-Stula 1983) 
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Table 5. Characteristics of the profIles of action of antidepressants and oflevoprotiline 

Drug Uptake inhibition Reversal of Potentiation of responses to 
exogenous 

Nor- Sero- Dopa- Reser- Apo- Nor- Sero- Dopa-
adrena- tonin mine pine mor- adrena- tonin mine 
line hypo- phine line 

thermia hypo-
thermia 

Imipramine + + + + + + + 
Desipramine + ± + + + ± + 
Clomipramine + + + + + + + 
Maprotiline + + + + 
Oxaprotiline + + + + + 
Fluvoxamine + + 
Levoprotiline ? 

in terms of 'the potencies of individual actions in animals. Clinically these 
drugs differ, at best, with respect to their side effect profiles; there is at present 
no substantial evidence that, in terms of their overall therapeutic efficacy or 
specific effects on particular psychopathological signs in depression, these 
drugs can be clearly distinguished from each other. Nevertheless, it could be 
argued that all these drugs, at least in respect to one of the identified 
pharmacological or biochemical actions, fit one or the other current theoreti­
cal concept about the mechanism of action of antidepressants. In this sense, 
the effects assessed in biochemical or behavioural models have predicted, 
apart from the side effect profile, at least their global "antidepressant" poten­
tial. 

The problems of prediction of antidepressant qualities of drugs and ex­
trapolations from animal experiments to man are, however, strikingly il­
lustrated by examples of drugs which have failed to show any action that fits 
an existing concept, but nevertheless have been clinically tested and dis­
covered due to erroneous assumptions. One current example is that of 
levoprotiline, biochemically and in common screening tests a "silent" ( - ) or 
R enantiomer of oxaprotiline (Waldmeier et al. 1982; Delini-Stula et al. 1982; 
Mishra et al. 1982). Initial animal studies with this drug did not reveal any ac­
tivity which would indicate its antidepressant potential (Table 5). However, in 
clinical studies levoprotiline was found to be therapeutically effective (Delini­
Stula et al. 1983; Wendt, in press). Most interestingly also, according to find­
ings to date, no distinction in clinical antidepressant efficacy of levoprotiline 
and established antidepressants could be demonstrated at equivalent daily 
doses (75-150 mg) of the drugs. 
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4 Conclusions 

In the field of antidepressant research there are numerous problems and gaps 
in our knowledge which impede a rational prediction, on the basis of animal 
experiments, as to the therapeutic potential of a drug and thus the determina­
tion of dosing schedules. For the first clinical administration to humans, apart 
from toxicity studies, there is no clue which could serve as a guide for 
determining the dose levels which should be explored for therapeutic efficacy. 
Moreover, no specific objective criteria for "antidepressant" properties of 
drugs are currently established, either in healthy subjects or in patients, which 
would provide a reliable link between animal experiments and clinical find­
ings. Predictions of antidepressant effectiveness of drugs from human 
pharmacological studies today are based mostly on comparisons with empiri­
cally established pharmaco-EEG profiles of antidepressants in healthy sub­
jects. However, with the wider use of techniques such as positron-emission 
tomography and nuclear magnetic resonance, which may permit the 
identification of specific characteristics and sites of actions of antidepressants 
in the brain, new approaches could perhaps be expected within this field of 
research. 
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Evaluation of Clinical and Biological Parameters 
in Healthy Volunteers: More than Pharmacokinetics 
and Side Effects? 

A.J. PuECH, P. DANJOU, D. WAROT, G. BENSIMON, and L. LACOMBLEZ 1 

1 Introduction 

For ethical, scientific and economic reasons, new drugs must be studied care­
fully before their first clinical evaluation in patients. The amount of data from 
animals and humans available before administration to patients has increased 
in recent years. Presently, most data available in healthy volunteers concern 
pharmacokinetics and side effects. 

Asse.ssment of dose-effect relationships for new drugs is usually poorly 
documented in patient populations. This step of development seems im­
portant when a pharmacological effect observed in animals is examined in 
humans in order initially to determine the pharmacologically active dose. 
These preliminary data may help clinicians to choose the range of doses to be 
evaluated in patients. Among the various biological and behavioural effects of 
drugs, some may thus be assessed in healthy volunteers. 

2 Biological Effects 

At the receptor level some binding sites which exist in the eNS and are impli­
cated in therapeutic activity are present on peripheral cells (Hamilton and 
Reid 1986; Poirier et al. 1987). Drug-receptor interaction can be assessed by 
means of in vivo studies using blood cells (Garcia-Sevilla 1981). Such 
determinations may be of interest, but it may also be hazardous to predict the 
centrally active dose from such results. In the near future, positron-emission 
tomography using specific ligands may be adapted for this purpose (Samson 
et al. 1987; Farde et al. 1988; Pappata et al. 1988; Smith et al. 1988). 

Some biochemical effects of psychoactive drugs can be evaluated in 
humans: (a) serotonin and dopamine uptake inhibition, evaluated ex vivo in 
platelets; (b) norepinephrine uptake inhibition in vivo, by studying the 
antagonism of tyramine-induced mydriasis or pressive effect (Freyschuss et al. 
1970; Ghose and Turner 1975; Jackson et al. 1983); (c) MAO inhibition using 
the tyramine pressor test (Schultz and Bieck 1987). As is the case with 
peripheral binding studies, one must be careful in extrapolating information 
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from biochemically active doses from such studies to the CNS. Since centrally 
active drugs may modify monoamine metabolism, it is possible to evaluate so­
me consequences of these changes by measurement of amine metabolites in 
CSF, blood and urine (Charney et al. 1986; Struthers et al. 1986; Zametkin 
and Hamburger 1988). Despite some criticism, these changes at least reflect 
the penetration of the drugs into the CNS, when the CNS metabolite can be 
distinguished from the peripheral origin for instance with 3-methoxy-4-
hydroxyphenylglycol (MHPG) sulphate. 

As regards neuroendocrine responses, the neurotransmitter control of pi­
tuitary secretions, for example, prolactin and growth hormone, have been ex­
tensively studied in recent years (Lal et al. 1977; McCance et al. 1987; Lal 
1988). Alteration of the levels of these hormones or of receptor sensitivities by 
specific drugs reflects the agonistic or the antagonistic effects of the drug. 
However, this approach has been disappointing for dopaminergic antagonists 
in term of the prediction of therapeutic doses, although such extrapolation 
may be possible for other drugs. 

Psychoactive drugs modify EEG results, and increasingly sophisticated 
methods allow the EEG classification of drugs. However, the main difficulty 
is determining whether the modifications observed are related to the main 
pharmacological activity of the drug or to lateral effects (Fink 1980; Ott et al. 
1982). Moreover, peripheral effects, as those induced by hydrophilic /3-
blockers, may induce changes in CNS and EEG modifications (Betts and Al­
ford 1983). The qualitative relationship between EEG and therapeutic classifi­
cation is still questionable; at the most, dose-effect relationships can be obser­
ved within a pharmacological class. 

3 Behavioural Effects 

Various tests have been described which evaluate CNS arousal and 
psychomotor performances in humans (e.g. critical frequency fusion or choice 
reaction time). These tests are sensitive to sleep deprivation and to the sedative 
effects of benzodiazepines, neuroleptics and antidepressants (Smith and 
Misiak 1976; Hindmarch 1980; Johnson and Chernik 1982). The sedative 
doses in healthy volunteers and in patients seem to resemble one another 
closely. Sedation, which is frequently considered a side effect, is a positive fea­
ture in hypnotics and may not be devoid of interest in the case of anxiolytics, 
antidepressants and antipsychotics. Conversely, the impairment of 
psychomotor functions induced by sleep deprivation is very sensitive to 
stimulant drugs. The evaluation of effects of psychoactive drugs on vigilance 
in normal volunteers (Table 1) seems useful for predicting the active sedative 
or stimulant doses in patients. 

The amnesic effect of benzodiazepines and other psychoactive drugs after 
acute administration is now well documented in healthy volunteers (Table 1; 
Subhan 1984; Lister 1985; Curran 1986). The evaluation of promnesic drugs 



298 A.J. Puechet a1. 

Table 1. Comparative effects of sleep deprivation and psychoactive drugs on critical fre-
quency fusion (CFF) and memory tests in healthy volunteers: means (± SD) 

CFF(Hz) Paired- Free recall 
Associate (number of pictures 
words out of 12 or 20) 
(max. score, 7) 

Sleep deprivation (n = 12) 
(Bensimon 1988, unpublished data) 

12h 28.9 (2.5) 6.5 (0.7) 16.8 (2.3) 
24h 27.2" (2.1) 6.5 (0.8) 15.5. (3) 
48h 27.4" (2.2) 5.4" (1.3) 13.6" (4.8) 

Levomepromazine (n = 12) 
(Warot et al. 1988) 

Omg 26.7 (1.7) 6.7 (0.4) 10.7 (1.1) 
3mg 26.1 (2.5) 6.4 (0.6) 10.2 (1.4) 
6mg 25.1" (2.7) 6.2 (1.1) 9 (1.5) 

12mg 24.7" (2.5) 6.2 (0.9) 8.4" (2.8) 

Maprotiline (n = 12) 
(Warot, ~989a) 

Omg 28.9 (2.4) 5.9 (0.7) 9.3 (1.1) 
25mg 27.4 (2.3) 5.9 (0.8) 10.4 (1.1) 
50mg 29.1 (1.8) 6.3 (0.6) 8.9 (1.2) 
75mg 24.9" (1.9) 6 (0.8) 9 (1.6) 

Trimipramine (n = 12) 
(Warot 1989b) 

Omg 27.2 (1.8) 6 (1.1) 9.9 (1.9) 
25mg 25.7" (2.1) 6.3 (0.7) 9 (2.7) 
50mg 25.1" (2.0) 6.4 (0.9) 9 (2.4) 

100mg 24" (1.8) 5.6 (1.4) 8 (3.1) 

Triazolam (n = 12) 
(Warot et al. 1987) 

Omg 27.0 (2.3) 6.3 (0.75) 9.8 (2.4) 
0,25mg 25.4" (2.4) 4.5" (1.6) 3.3" (3.4) 

Alprazolam (n = 10) 
(Danjou et a1. 1988) 

Omg 27 (2.6) 5.3 (1.3) 7.7 (1.2) 
0,50mg 25.9" (2.4) 5.3 (1) 4.8" (2.1) 

Fiunitrazepam (n = 12) 
(Bensimon et a1. 1986) 

Omg 26 (2.6) 6.7 (0.5) 10 (1.2) 
2mg 24.9" (2.7) 5.8" (0.78) 6.5" (2.4) 

Zopiclone (n = 12) 
(Warot et a1. 1987) 

Omg 27.0 (2.3) 6.3 (0.75) 9.8 (2.4) 
7,5mg 25.0" (2.4) 3.4" (1.5) 2.s" (2.3) 

" p<0.05. 
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in healthy volunteers, on the other hand, is currently a challenge for the clini­
cal psychopharmacologist. Because so many new drugs seem able to 
antagonize scopolamine- or benzodiazepine-induced amnesia in animals, it 
seems reasonable to propose the same models in humans. It remains to be 
determined whether these drugs are effective in memory impairment in 
patients, and whether the active dose in drug-induced amnesia is predictive of 
the therapeutic dose or not. 

Drug-induced anxiety has been described, but it is not a realistic model for 
studies of new drugs (Lader and Bruce 1986). The biological or clinical 
modifications induced by stress situations (stroop color-word test or delayed 
auditory feedback, etc.) are sensitive to anxiolytics (Taeuber et al. 1979; Kil­
minster et al. 1988). Although in these tests the active doses of anxiolytic are 
lower than the sedative doses, the drug-related changes are neither clearly 
linked to the anxiolytic effect nor predictive of the therapeutic dosage in 
patients. These models are presently not sufficiently validated, and it is dif­
ficult to determine their real value. According to some psychodynamic 
theories of anxiety, inhibition seems to be an important behavioural ab­
normality in anxious patients. Moreover, studies of behavioural pharmacol­
ogy in rats suggest that inhibition is an important behavioural target for 
anxiolytics. In animals, the behavioural disinhibition is evaluated by the wait­
ing capacity, which is decreased by benzodiazepines. Since it is difficult to 
evaluate anxiolytic activity in healthy subjects from these hypotheses, it may 
be easier to evaluate the disinhibitory effects of drugs by study the subject's 
waiting capacity and drug-induced changes in this parameter. We are present­
ly using different experimental situations to evaluate anxiety, where the task 
of the subjects is to answer either very quickly with high reward and low 
probability or more slowly with lower reward but higher probability. 

Learned helplessness is considered a reliable animal model in evaluating 
behavioural effects of antidepressants (Overmier and Seligman 1967). It is un­
ethical to induce depression in the healthy subject; the induction of a short an 
reversible state of learned helplessness in humans would be preferable, using 
controllable or uncontrollable stimuli. Subjective ratings and biological 
parameters (ACTH, cortisol, noradrenaline are modified in different ways ac­
cording to the controllable or uncontrollable stress (Gatchel and Proctor 
1976; Breier et al. 1987). However, no data using this situation to evaluate 
antidepressants in healthy subjects are available in the literature, at least to 
our knowledge. Further development of these types of models might help us 
to understand the behavioural changes induced by antidepressants in humans 
and perhaps to predict active doses. 

Some psychoactive drugs might exert their action by increasing serotonin 
transmission. In humans an intense drop in plasma total and free tryptophan, 
peaking at 80%, is observed after oral intake of tryptophan-free L-amino acid 
mixtures (Young et al. 1985; Moja et al. 1988). As serotonin synthesis is not 
rate limited by tryptophan hydroxylase but depends on only CNS uptake, 
serotonin levels can theoretically be modulated by altering plasma free tryp­
tophan levels (Tagliamonte et al. 1973). In man, only indirect clues such as the 
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decrease of prolactin levels can be used. Healthy volunteers have been shown 
to be more easily disturbed during a proof-reading task while listening to a 
tape with themes of hopelessness than with those of neutral content (Young et 
al. 1985; Smith et al. 1987). This deficit may be used to study the effects of 
serotonin uptake inhibitors in a behavioural model in humans. 

Healthy subjects represent an inadequate population to study the effects of 
antidopaminergic drugs. In animals models, some effects of apomorphine 
(e.g. yawning), related to a specific localization of subclasses of dopamine 
receptors, are induced by very small doses. In healthy volunteers, apomor­
phine induces yawning at a very low dose (0.1 mg; Blin et al. 1988). This effect 
of apomorphine, in relation to the stimulation of the dopamine autoreceptor, 
could be useful in evaluating the dose of neuroleptics blocking the dopamine 
auto receptors. 

4 Conclusions 

Very few central biological effects of psychoactive drugs can be assessed in 
humans. Presently, changes in monoamine metabolites and neurohormones 
seem the most predictive of a centrally active dose. In the future positron­
emission tomography probably will be very useful for this purpose. The effects 
of drugs on eNS arousal and psychomotor performances have been the most 
widely studied. The study of mnemonic effects of psychoactive drugs in 
normal subjects represents an interesting challenge for the psychopharma­
cologist. Further data are required in order to validate the different models 
which have been described here. 
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Dose Finding and Serum Concentrations of Neuroleptics 
in the Treatment of Schizophrenic Patients * 

F.-A. WIESEL, G. ALFREDSSON, and E. JONSSON 1 

1 Introduction 

The efficacy of neuroleptics in reducing psychotic symptoms has been 
demonstrated beyond doubt in a number of controlled studies. Nevertheless, 
the basis for dosage in the treatment of schizophrenic patients is not very well 
documented. In a survey of the best maintenance doses of neuroleptics in 
schizophren~cs, Baldessarini and Davis (1980) did not find a dose-effect 
relationship among dose equivalents of about 100-2500 mg chlorpromazine 
per day. 

Results from behavioural animal studies have been the major basis for 
titrating clinical dosage. Especially the potency of neuroleptics to induce 
cataleptic effects in animals has been used in this regard, since a high positive 
correlation between catalepsy and antipsychotic effects in man has been 
demonstrated (Stille and Hippius 1971). This fact may partly explain both the 
use of high doses in the treatment of schizophrenic patients and the wide range 
of doses used, which all seem to be equally effective. The efficacy has been as­
certained for high doses, but the lower part of the dose-clinical-effect curve 
has not been documented (Jain et al. 1988). There is a pronounced dis­
similarity in dosage for high-potency and low-potency neuroleptics. Baldes­
sarini et al. (1984), for example, found that the mean chlorpromazine­
equivalent daily dose of high-potency neuroleptic agents was 3.5 times as high 
as that of low-potency drugs. Clinical studies do not substantiate such a dif­
ference in dosage between high- and low-potency neuroleptics (Dahl 1986; 
Jain et al. 1988). 

During the 1970s specific and sensitive methods were developed for the 
determination of drug concentrations in human body fluids. A number of 
studies have been performed to investigate relationships between drug con­
centrations and clinical effects in schizophrenic patients. No clear-cut 
evidence of a linear relationship between symptom reduction and drug cQn­
centrations has been obtained (Dahl 1986). At best, therapeutic plasma con­
centration ranges can be given for some antipsychotic drugs. 
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Neuroleptic drugs are a heterogeneous group regarding both their 
chemistry and their pharmacokinetics and pharmacodynamics, which 
probably contributes to the negative findings concerning relationships 
between drug concentrations and therapeutic effects. Experimental and clini­
cal data give strong support to the opinion that the antipsychotic effect in man 
is mediated by a blockade of D2 dopamine receptors (Peroutka and Snyder 
1980; Farde et al. 1988). The use of a selective D2 dopamine receptor 
antagonist would therefore be more optimal in studying relationships between 
clinical effects and drug concentrations. Sulpiride, a benzamide, is a selective 
D2 dopamine receptor antagonist (Jenner and Marsden 1981) and an effective 
antipsychotic drug (Harnryd et al. 1984). Sulpiride is used in a wide range of 
doses (800-3200 mg; Munk-Andersen et al. 1984) as an antipsychotic drug, 
but the basis for the dosage is poor. The results from a previous study by our 
group indicated that 800 mg sulpiride per day was an effective dose in the 
treatment of schizophrenic patients (Hamryd et al. 1984). Determination of 
sulpiride concentrations indicated that patients with a serum level below 
1.5 ~molfl had a better clinical outcome than patients above that level (AI­
fredsson. et al. 1984 b, 1985). To further explore dose- and concentration-effect 
relationships of sulpiride in the treatment of schizophrenic patients a dose­
response study was performed. Besides being a selective D2 dopamine 
antagonist, sulpiride also has the advantages of not forming active 
metabolites (see Wiesel et al. 1980) and not being bound to proteins to a 
greater extent (40%, i.e. individual differences in protein binding do not 
produce major changes in the free serum concentrations of sulpiride; Al­
fredsson et al. 1984a). 

2 Methods 

The protocol of the study was approved by the ethics committee of the 
Karolinska Hospital, Stockholm, Sweden. Patients with an acute psychosis of 
the schizophrenic type were selected for the study. The research diagnostic 
criteria (RDC) and DSM-III-R for schizophrenia had to be fulfilled for inclu­
sion in the study. Patients with organic brain disorder, somatic disease, or al­
cohol or drug abuse were excluded. No patient had taken oral neuroleptics for 
at least 2 weeks before the study was started. Depot neuroleptics had not been 
given during the last 6 months. A total of 26 patients were recruited to the 
study. However, two patients were excluded when it was found that they did 
not fulfil the inclusion criteria. Of the remaining patients 14 were men and 10 
were women. The age range was 18-42 years. Physical examinations and 
routine blood and urine tests indicated that all the patients were physically 
healthy. 

Sulpiride (200 mg; Dogmatil, Essex, UK; Lakemedel, Sweden) was ad­
ministered to the 24 patients according to a double-blind procedure (the 
double-dummy technique) for 6 weeks. During the first 3 weeks a daily dose of 
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400 mg (n=8), 800 mg (n=9) or 1200 mg (n=7) was given. After 3 weeks of 
treatment the daily dose was increased from 400 to 800 mg (n = 8) and from 
800 to 1200 mg (n=4) or decreased from 800 to 400 mg (n= 5) and from 1200 
to 800 mg (n = 7). Sulpiride was administered in two equal doses at 8 a.m. and 
8 p.m. 

Psychiatric morbidity of the patients was rated with the Comprehensive 
Psychopathological Rating Scale (CPRS). In the evaluation of the patients 
global morbidity scores (range, 0-3) and a subscale (CPRSnO) was used, 
consisting of the following 10 CPRS items: inattention, indecision, concentra­
tion difficulties, reduced sleep, feeling controlled, disrupted thoughts, ideas of 
persecution, commenting voices, lack of appropriate emotion, incoherent 
speech (Harnryd et al. 1984). Each item had a range of 0-3. Ratings were 
made before treatment and after 1, 3, 4 and 6 weeks of treatment. Ratings of 
observed extrapyramidal side effects and reported side effects were performed 
directly after the CPRS ratings (Harnryd et al. 1984). 

The sulpiride concentrations in serum were analysed by high-performance 
liquid chromatography (Alfredsson et al. 1979). All patients had been fasting 
for 12 h before blood sampling, which was made at 8 a.m. before the morning 
dose. The serum fractions were stored below - 70°C pending the analysis. 
Blood sampling was made before and once per week during treatment. 

Analysis of variance (ANOV A) for repeated measurements was used for 
comparison of differences among the four treatment groups. Student's t test 
was used for analysis of differences within groups (dependent data) and 
between groups (independent data). Two-tailed tests were used. The product­
moment correlation coefficient was calculated to study relationships between 
clinical ratings and sulpiride concentrations. 

3 Results 

The different doses of sulpiride resulted in a wide range of serum concentra­
tions (Fig. 1). The dose change after 3 weeks of treatment resulted in the ex­
pected changes of sulpiride concentrations, i.e. a dose elevation was related to 
an increase of sulpiride concentrations and a dose reduction with a decrease of 
sulpiride concentrations (Fig. 2). 

Clinical morbidity scores, their changes from pretreatment scores or the 
occurrence of side effects were not dose dependent (ANOV A repeated 
measurements). The rating scores of psychotic symptoms (CPRSl'10) were 
significantly decreased after 3 weeks of treatment in all groups (Fig. 3). After 6 
weeks of treatment only the group with a decrease of the dose from 800 to 
400 mg per day did not demonstrate a significant reduction in morbidity 
scores. Morbidity scores for autistic symptoms were significantly reduced only 
in the group who started the treatment with the highest dose 1200 mg per day. 
The reduction in scores was significant both after 3 weeks and after 6 weeks of 
treatment. Global morbidity was changed in a similar way as the scores of the 
CPRSnO. 



306 

4.0 

E 
~ 3.0 

c: 
CD 

" ";: 

~2.0 
IJ) 

1.0 

1 week 

x 
x 
: 

...l.. 
x 

3 weeks 

. 
x 

. 
x 

F.-A. Wiesel et al. 

O+---~~~----~~~-­

Fig. I. Concentrations of sui pi ride 
in serum from schizophrenic 
patients treated with different doses 

m~~cfay 400 800 1200 400 800 1200 

3.0 

E 
"-

~ 
c: 2.0 
§ 
.... 
Sl 
"~ 
Q) 

-0 1.0 ";: 
"a.. 
-S 
V) 

o 

n=9 

o 

400 mg/day: .. ---- .. 
800 mg/day: 0---0 

1200 mg/day: ~.-.-.-6 

J 
r /"' ./ \ 

/ \ 
f \ . \ 

,/ "'\r 
/ n=3 

i 
234 

Weeks 
5 

n =7 

n =8 

6 

Fig. 2. Concentrations of 
sulpiride in serum from schi­
zophrenic patients treated 
with sulpiride in three diffe­
rent dosages. After 3 weeks 
of treatment the dose was 
increased or decreased. In 
the 800 mg/day group, four 
patients were changed to 
1200 mg/day and 5 patients 
to 400 mg/day. Differences 
in patient numbers are due 
to loss(es) of blood sam­
ple(s) at a particular day. 
Mean values ± SE 



Dose Finding and Serum Concentrations ofNeuroleptics 

Fig. 3. The sum of morbidity 
scores from ten items in the CPRS. 
After 3 weeks of treatment the 
doses were changes: group 1, from 
400 to 800 mg/day (n = 8); group 2, 
from 800 to 400 mg/day (n = 5); 
group 3, from 800 to 1200 mg/day 
(n=4); group 4, from 1200 to 800 
mg/day (n = 7), Mean values ± SE 
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Relationships between clinical effects and sulpiride concentrations were 
investigated by correlating all sulpiride and clinical measurements at each 
point in time. No significant correlations between sulpiride concentrations 
and morbidity scores or their changes from pretreatment levels were found, 
except a single negative correlation between the change in global scores and 
sulpiride concentrations after 1 week (r = - 0.45, p < 0.05). Neither were there 
any significant correlations between sulpiride concentrations and side effects 
at any point in time. 

To further analyse relationships between clinical morbidity and sulpiride 
concentrations patients were divided into three groups: (a) a low­
concentration group (n = 4; 0.48-0.71 !lmolfl), i.e. patients below the median 
concentration level in the low-dose group (400 mg); (b) a high-concentration 
group (n = 4; 2.36-3.44 !lmol/l), i.e. patients above the median concentration 
in the high-dose group (1200 mg); and (c) a medium-concentration group con­
sisting of the remaining patients (n= 16). The division into the groups was 
made on the basis of each patient's average concentration of sulpiride calcu­
lated from the levels after 1, 2 and 3 weeks of treatment. Rating scores after 6 
weeks of treatment were compared with the pretreatment scores within each 
group. Rating scores between groups were compared at each point in time. 
Scores on the CPRSl'10 were significantly lower in the high-concentration 
group than in the medium-concentration group after 3, 4 and 6 weeks of treat­
ment (Fig. 4). The autistic symptoms demonstrated similar significant changes 
as did the scores on the CPRS1:10. Global morbidity was significantly reduced 
in all groups after 6 weeks of treatment. However, the high-concentration 
group had significantly lower scores than both the low- and medium­
concentration groups. 
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Fig. 4. Scores on the CPRSn 0 
in schizophrenic patients in 
relation to sulpiride concentra­
tions in serum.. Patients were 
divided into a low­
concentration group 
(0.4~.71 J.l.IIlol/l;n=4),a 
high-concentration group 
(2.36-3.44 J.l.IIlol/l; n=4), and a 
medium-concentration group 
(remaining patients, n = 16). 
Mean values ±SE. **,p<0.01; 
***,p<0.001 

In a previous study we obtained indications of a therapeutic concentration 
level ( < 1.5 llmol/l) of sulpiride in the treatment of schizophrenic patients (AI­
fredsson et al. 1984 b, 1985). The design of this study was made to investigate 
the hypothesis of a therapeutic concentration interval of sulpiride. However, 
we could not demonstrate a correlation between clinical improvement and the 
sulpiride dose or its serum concentration. This was also the case for side ef­
fects. Changes in dosage or drug concentrations during treatment did not 
seem to influence the clinical outcome. 

A wide range of sulpiride concentrations was obtained, and indications of 
a lower limit of the concentration for the therapeutic response was found. This 
level was 0.6--0. 7 ~ol/l. It seemed as if the patients with this low concentra­
tion during the early phase of treatment had a worse outcome than the other 
patients after 6 weeks of treatment despite an increase of their drug concentra­
tions during the final 3 weeks of treatment. From a clinical point of view the 
results indicate that a moderate dose (800--1200 mg) of sulpiride, resulting in 
drug concentrations above 0.7 llmol/l, should be used in the early phase of 
treatment. The utility of prompt dose changes should be carefully considered 
since there is obviously a delay in the clinical effect. It may be speculated that 
this delay corresponds to the kinetics of the D2 dopamine receptor blockade 
(Fardeetal.1988). 

The use of a selective D2 dopamine receptor antagonist gave similar nega­
tive results as did the classical neuroleptics in the study of relationships 
between clinical response and drug concentrations (Dahl 1986). The negative 
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findings may indicate that a diagnosis of schizophrenia includes too 
heterogenous a patient group to allow a demonstration of such a relationship. 
It is also possible that regardless of their mode of action, the 
pharmacodynamic effects of neuroleptics are not at all linearly related to their 
clinical effects. In fact, some studies have obtained results supporting a cur­
vilinear relationship (Smith et al. 1984; Garver et al. 1984; Hansen et at. 1982). 
Such a relationship is in accordance with findings suggesting that the blockade 
of central D2 dopamine receptors in the living human brain follows a hyper­
bolic function (Farde et al. 1988). In fact, in a sulpiride-treated patient a cur­
vilinear relationship was demonstrated between central D2 dopamine receptor 
occupancy and serum drug concentrations. 
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nowledged as well as that of Ms. M. Youssefi for preparing the manuscript. 
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Post-Marketing Surveillance of Psychotropic Drugs 

R. BRINKMANN 1 

1 Introduction 

At the end of a highly sophisticated scientific programme, the author has the 
honour as well as the difficulty to consider more generally the field of post­
marketing surveillance of psychotropic drugs. Although post-marketing sur­
veillance has gained considerable attention in recent years, little has been 
published about post-marketing surveillance of psychotropic drugs in general. 
In their introduction to Post-marketing Surveillance of Psychotherapeutic 
Drugs, Hollister and Balter (1987) do not touch upon any aspect of post­
marketing surveillance that may be specific to patients and/or physicians deal­
ing with psychoactive compounds as opposed to other compounds. This may 
be only partly explained by the fact that Hollister and Balter (1987) use the 
term post-marketing surveillance synonymously with phase IV studies, which 
usually include a minimum number of 10000 patients and follow documented 
study protocols and statistical evaluation procedures. But post-marketing sur­
veillance techniques refer to more than phase IV studies. Post-marketing sur­
veillance is defined as all methods to understand more precisely the benefits and 
risks of drugs under normal prescribing conditions. For practical reasons, post­
marketing surveillance can be divided into single-patient surveillance and 
population-oriented surveillance. 

In this presentation some of the basic problems that are pertinent to both 
types of post-marketing surveillance techniques will be outlined. In addition, 
only the risk assessment part of post-marketing surveillance, i.e. the detection 
of adverse drug reactions, is elaborated further. 

Pre-marketing clinical trials often fail to discover what are subsequently 
known to be rare but important adverse drug reactions (Hemminki 1980; 
Skegg 1979) simply because the number of patients involved in the usual three 
phases of new drug development may vary between 500 and 3000. This is also 
true for the development of psychotropic drugs. 

Psychotropic drugs are not as clearly defined as one might wish. Certainly, 
they involve drugs for the treatment of mental disorders - psychotherapeutic 
drugs - but drugs for therapy of CNS-controlled functions such as pain, sleep 
and pleasure (and placebo drugs) may also be regarded as psychotropic drugs. 

1 F. Hoffmann-La Roche AG, Pharma Communications, Grenzacherstr. 124,4002 Basel, 
Switzerland 
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For tbe purpose of this presentation any drug which interferes with the regula­
tion of brain functions and which modifies mental processes is regarded as a 
psychotropic drug. 

2 Detection of Adverse Drug Reactions 

Before any of the specificities of post-marketing surveillance of psychotropic 
drugs can be addressed, a basic model of the generation of adverse drug reac­
tions must be presented. The model shown in Fig. 1 is not very elaborate but is 
sufficiently complex for our purposes. With regard to terminology, the term 
"adverse drug reaction" is used throughout this presentation although this ac­
tually implies that there is some kind of a causal relationship between the 
suspected drug and the observed adverse experience of the patient. This is why 
some prefer the term "adverse event" in order not to prejudge causal 
relationships, because all adverse drug reactions are adverse events, but not all 
adverse events are adverse drug reactions. 

Included in the darkened area of Fig. 1 are the minimum requirements for 
an adverse drug reaction generation: exposure to a drug (drug 2), the exposed 
patient (organism), and the adverse drug reaction (R3) which is then inter­
preted as the adverse drug reaction. This is why all primary reactions (Rl, R2, 
R3) are surrounded by a striped area indicating that this important part of ob­
jectivity will always reach the recipient of an adverse drug reaction report in 
an interpreted form. Hence, it must be borne in mind that other reactions of 
the organism (Rl and R2) will be interpreted as "normal" or "disease-related" 
behaviour/reaction. Other factors that might have influenced the adverse drug 
reaction are also shown in Fig. 1: the physico-chemical environment of the 
organism, the socio-cultural environment of the patient, and the co­
medications, drug 1 and drug 3, which are interpreted as being apparently ir­
relevant to the adverse drug reaction in question. 

"normal reaction" 

reaction" 

Fig. I. Model of the generation of adverse drug reactions 
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When this general model of the generation of adverse drug reactions is ap­
plied to the realities of post-marketing surveillance, we must observe that 
usually nothing is known about all "normal" reactions; neither do we know 
anything about the physico-chemical environment of the organism. We also 
know little or nothing about the socio-cultural environment, and we usually 
have very little information on the organism, i.e. laboratory values, medical 
history, and other examinations and assessments. Most of the time we even 
know very little about concomitant medications as well as the pattern of reac­
tions that were interpreted as being disease related. 

The reality of adverse drug reaction generation is, again, substantially dif­
ferent from this adverse drug reaction model. First of all, only about 5%-10% 
of all adverse drug reactions are reported once a drug is on the market 
(Stephens 1985), and even this figure is true only for some of the highly in­
dustrialized Western countries. This high degree of underreporting is even 
more important when it is realized that at least 100000 adverse drug reactions 
in hospitals alone delay recovery or threaten life each year (Imman 1985). 

Within this framework of post-marketing surveillance we must now con­
centrate on.aspects that are specific to patients and/or physicians dealing with 
psychotropic drugs. Specificity may be related to (a) the pharmacology of 
psychotropic drugs, (b) the kind of adverse drug reactions to be expected, or 
(c) the sources of information underlying the adverse drug reaction genera­
tion. 

Adverse drug reactions due to psychotropic drugs affect predominantly 
the eNS, but all other organ systems may be involved. For further informa­
tion the reader is referred to standard textbooks (Ammon 1986; Davies 1985; 
Gilman et al. 1985; Kuemmerle and Goosens 1984; Martindale 1982). The 
classification of adverse drug reactions proposed by Rawlins and Thompson 
(1985) is now widely accepted. According to them, adverse drug reactions can 
be separated into those which are an exaggerated, but otherwise normal, 
pharmacological action of a drug given in the usual therapeutic doses (type A 
reactions) and those which are totally aberrant effects that are not to be ex­
pected from known pharmacological actions of a drug when given in the usual 
therapeutic doses (type B reactions). 

The sources of information are typically patients, lay observers or reports 
in lay media, pharmacists, medical doctors, the professional media, post­
marketing surveillance studies, and surveillance institutions of public health 
authorities (Table 1). These sources provide a great variety ofinformation on 
adverse drug reactions. With regard to psychotropic drugs, it is obvious that 
psychiatric patients differ in a number of aspects that are relevant to adverse 
drug reaction generation when compared to other patient groups, and the 
same is true for psychiatrists when compared to other medical doctors, 
although in a different sense, of course. 
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Table 1. Information sources in post-marketing surveillance 

Single-patient surveillance 
Spontaneous case reports 
Literature case reports, letter-to-the-editor reports 
Intensive monitoring 
Semi-official ADR institutions 
National ADR centres, public health authorities 

Population-oriented surveillance 
Intensive hospital monitoring 
Prescription event monitoring (UK) 
Record linkage (USA) 
Case-control studies, cohort studies 

3 Surveillance of Psychotropic Drugs 

R. Brinkmann 

With regard to the fundamental question of this presentation, i.e. "What 
makes post-marketing surveillance of psychotropic drugs different from that 
of any other drug?", the author firmly believes that the specific distortions of 
the general adverse drug reaction model by patients and/or physicians dealing 
with psychotropic drugs are the main reason for any specificity in this field of 
post-marketing surveillance. 

Three levels in the generation of adverse drug reactions must be looked at 
more closely: perception, cognition, or comprehension, and expression. Per­
ception may be a problem if the sensory organs of the patient externally or in­
ternally, are not able to detect the adverse drug reaction, as in the case of 
haemolytic anaemia, liver dysfunction, or agranulocytosis, to mention only 
some sources of adverse drug reactions that led finally to withdrawal or heavy 
restrictions of some well-known psychotropic drugs (nomifensine, clozapine). 
On the other hand, psychiatric patients in particular may have a distorted per­
ception per se. The physician or, as in our case, the psychiatrist, may not be 
equipped with appropriate devices for the detection of adverse drug reactions 
which do not fall into the realm of his standard diagnostic apparatus, as in the 
case of agranulocytosis due to clozapine. 

With regard to cognition and comprehension, the psychiatric patient may 
be highly susceptible to internal or external influences because of 
hypochondria or because of a weak personality or low threshold for critical 
thinking. Psychiatric patients sometimes attribute causality on the basis of ir­
rational conceptions: an example for this has been reported from the United 
States, where a patient claimed to have lost his ability to think after having 
had a computed-tomography scan of the head. The physician, on the other 
hand, may be somewhat careless or inconsiderate according to his socio­
cultural background, and although this may sound like a rather harsh 
criticism, we must acknowledge that there are certainly differences among 
physicians with respect to their basic attitude towards adverse drug reaction 
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detection. Even pharmaco-epidemiological studies may be misleading because 
of a lack of reliable and valid methodology, and this is particularly true for 
any distinction between disease-related reactions or behaviour and drug­
related reactions or behaviour. 

Finally, we must look at the way in which an adverse drug reaction is ex­
pressed by a psychiatric patient. In fact, patients may not be able to give an ap­
propriate account because of age, underlying disease, or basic intelligence im­
pairment. Also, Physicians other than psychiatrists may use misleading 
terminology. It is our experience that substantial confusion exists, for in­
stance, about the use of terms such as addiction, dependence, misuse, abuse 
and overuse by physicians who have had no psychiatric training. On the other 
hand, a psychiatrist may also use inappropriate terminology for the descrip­
tion of dermatological reactions or other organic diseases that he heard of on­
ly during medical school. 

Another problem is created by the fact that a physician may tend to give a 
distorted description of an adverse drug reaction in order to prevent criticism 
or prosecution for malpractice. An example of this is the inappropriate use of 
a sedative for conscious sedation in diagnostic procedures which leads to ex­
cessive sedation and life-threatening conditions for the patient. Finally, 
studies may apply inappropriate statistical evaluation methods and report 
"significant" results when in fact the wrong statistical method was chosen. 

In conclusion, the author hopes to have contributed to a better un­
derstanding of adverse drug reactions as being one of the fundamentals of 
post-marketing surveillance. In addition, the basic role of perception, cogni­
tion, and expression with particular reference to patients and physicians deal­
ing with psychotropic drugs has been pointed to as one of the main aspects 
that makes post-marketing surveillance of psychotropic drugs different from 
that of any other drug. 
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