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Clozapine: Plasma Levels and Prolactin Response
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Abstract. Serial plasma clozapine levels and serum prolactin
levels were determined in two schizophrenic patients receiving
clozapine, a novel antipsychotic drug. Despite marked thera-
peutic response and substantial clozapine blood levels, pro-
lactin levels obtained 11 —12 h after the last oral dose were
unaffected or only minimally elevated. This confirms pre-
vious evidence of clozapine’s unusal characteristics.
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The search for novel antipsychotic agents which may act
differently from currently available neuroleptics remains of
great importance. There is particular interest in identifying
compounds which do not carry the risk of extrapyramidal
side effects, particularly tardive dyskinesia. Clozapine, a
dibenzodiazepine, has received considerable attention be-
cause of its antipsychotic efficacy, with little or no tendency to
produce extrapyramidal side effects (Gross and Langner
1966; Berzewski et al. 1969; Simpson and Varga 1974; Matz
et al. 1974; Gerlach et al. 1974). Unlike other antipsychotics,
clozapine does not produce the same degree of catalepsy and
it does not block apomorphine-induced stereotypy in ani-
mals, both generally considered manifestations of dopamine
(DA) receptor blockade (Stille et al. 1971; York 1975). These
findings have raised the possibility that clozapine’s mech-
anism of antipsychotic action may not be dependent on
blockade of DA receptors, as assumed in the DA hypothesis
of schizophrenia. In vitro binding studies remain inconsistent
with regard to clozapine’s ability to block DA receptors (Burt
et al. 1976; Leysen et al. 1978).

The ability of all previously studied clinically active
neuroleptics to produce elevations in serum prolactin has
been well-established (Langer et al. 1977; Meltzer et al. 1978)
and is believed to result from DA receptor blockade in the
pituitary (McCloud 1975). The degree of acute prolactin
elevation in man following parenteral administration of
neuroleptic drugs appears to be highly correlated with the
milligram for milligram antipsychotic potency (Langer et al.
1977).

Meltzer et al. (1979a) reviewed eight studies involving
clozapine and found a mean clinical antipsychotic dose of
241 + 162 mg/day. In contrast, in 11 studies employing chlor-
promazine, the mean dose was 691 + 411 mg/day. Meltzer
suggests, based on this comparison, that clozapine is ap-
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proximately three times more potent than chlorpromazine as
an antipsychotic agent and should, therefore increase prolac-
tin at least as much, if not more than an equivalent dose of
chlorpromazine.

Previous reports suggested that clozapine may cause no
increase or only minimal increase in prolactin secretion in
man. Sachar et al. (1976) reported that a single oral dose of
clozapine (12.5 mg) in one normal subject, and 100 mg/day in
two schizophrenic patients did not significantly increase their
serum prolactin concentrations. Nair et al. (1979) treated ten
schizophrenic males with clozapine for 3 days, reaching a
maximum dose of 100 mg/day and a total of 200 mg during
the study. They observed a small (179%) but statistically
significant elevation in basal serum prolactin levels, but also
observed a marked inhibition of growth hormone response to
0.75 mg apomorphine administered SC in six of seven
subjects. These findings suggest that clozapine can block the
DA receptors responsible for the apomorphine growth hor-
mone effect without affecting the pituitary DA receptors
involved in the prolactin response to the same degree. Meltzer
et al. (1979a) suggest that this may indicate an important
difference between the hypothalamic and pituitary DA
receptors.

Meltzer et al. (1979a) reported on six male and seven
female chronic schizophrenics treated with a mean daily
clozapine dose of 458 + 228 mg for females and 579 +
216 mg for males, Baseline drug-free prolactin values were
available for seven patients, and no significant increase in
prolactin was observed during clozapine treatment (mean
drug-free serum prolactin 59 + 17 ng/ml, and during cloza-
pine treatment, 57 + 20 ng/ml). Among six patients without
drug-free values the serum prolactin during clozapine treat-
ment averaged 46 + 22 ng/ml. Prolactin values in a sample of
male and female patients receiving 800 mg chlorpromazine
were significantly higher than values of male and female
patients receiving clozapine. In addition, these investigators
measured serum prolacin in four patients at 30-min intervals
following clozapine administration (200—300 mg) for a 4-h
period. All four patients had significant increases in prolactin,
but the increase was slight and barely exceeded the 95 %, upper
limit of normal values.

Since most of the studies with patients measured prolactin
in samples taken in the morning, 10— 12 h after the last dose
of clozapine, it seemed possible that the lack of prolactin
response might be related to low plasma levels of clozapine
remajning at that time. This investigation was undertaken to
examine the relationship between oral clozapine dosage,
clozapine plasma levels, and prolactin response in two
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patients receiving increasing doses of clozapine over a 7-week
period. ’

Materials and Methods

The subjects were two male chronic schizophrenic patients (30 and 35
years of age) who were diagnosed according to the Research Diagnostic
Criteria of Spitzer et al. (1975). Both patients signed informed consent
and were withdrawn from all antipsychotic medication for 1 week prior to
receiving clozapine. Both patients were started on dosages of 20 mg twice
daily and gradually increased over a 7-week period until 450 mg twice
daily was administered. Medication was administered at 9 a.m. and
9 p.m. throughout. Blood samples for prolactin and clozapine were
obtained between 8:30—9 a.m. (1 —2 h after awakening) and prior to the
morning dose. Baseline drug-free prolactin values were obtained just
before initiation of clozapine treatment and twice weekly thereafter.
Samples for clozapine plasma levels were obtained at the same time.

Samples for prolactin assay were promptly centrifuged, the plasma
separated and stored frozen at —20° C to await analysis. All samples were
analyzed in the same batch by radioimmunoassay (Sinha et al. 1973).
Samples for clozapine assay were obtained in glass tubes with plastic
screw caps without the use of vacutainers, centrifuged, and stored frozen.
Assays used gas-liquid chromatography (Simpson and Cooper 1978).
The method is sensitive enough to detect as little as { ng/ml in a 3 ml
sample.

Clinical state was assessed weekly with the Brief Psychiatric Rating
Scale (BPRS) (Overall and Gorham 1962).

Results

The time course of clozapine dosage escalation, clozapine
plasma levels, and prolactin response are presented in Figs. 1
and 2. Significant amounts of clozapine were present 11—
12 h after the last dose in both patients when receiving
maximum doses of clozapine, and patient 2 had rather high
clozapine blood levels (Simpson and Cooper 1978). In patient
1, prolactin concentrations remained only minimally elevated
over baseline. The peaks occurring on two occasions may

have been stress reactions of this extremely regressed and
agitated patient.

Patient 2 initially showed prolactin response during doses
up to 300 mg/day with blood levels up to 200 ng/ml.
However, he then showed a consistent, modest prolactin
elevation in response to daily clozapine doses of 500—
700 mg, with plasma levels of 329558 ng/ml. Interestingly,
with dosages higher than 700 mg, yielding clozapine plasma
levels well over 1000 ng/ml, the prolactin response returned to
the normal range. The prolactin response this patient expe-
rienced was considerably less than the more than 40 ng/ml
value obtained 12 h after receiving a 4 mg injection of
thiothixene before the start of this study.

Both patients exhibited marked clinical improvement, as
measured by BPRS ratings, during clozapine treatment.
Therefore, minimal prolactin response occurred in the con-
text of considerable antipsychotic effect.

Discussion

Clozapine appears to be less active in blocking pituitary DA
receptors in humans then might be expected on the basis of its
efficacy as an antipsychotic. Meltzer et al. (1979b) found that
the ICsq (concentration producing a 509 inhibition) for
clozapine for displacement of *H-spiroperidol from rat
pituitary membranes is 1320 + 86 nmol, compared to 72.6 +
4.7 nmol for chlorpromazine. For all other neuroleptics,
potency in displacement of spiroperidol correlates with
clinical potency. The idiosyncratic nature of clozapine in this
system, as well as in prolactin response, might suggest an
antipsychotic effect less dependent on DA receptor blockade.
It is also possible, however, that clozapine’s action in
mesolimbic or mesocortical dopaminergic tracts differs from
its pituitary effects. Clozapine’s effects on other neurotrans-
mitters might also be involved in its apparently different
effects on prolactin response (Meltzer et al. 1979b).
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Fig. 2. Relationship of clozapine dosage (mg), clozapine blood level (ng/ml), and prolactin (ng/ml) in a schizophrenic (SCZ) patient

The apparent decrease of prolactin response with higher
oral doses and higher plasma levels of clozapine is of
considerable interest. This effect may have occurred without
dosage increments and be due to some tolerance to anti-
dopaminergic effects in the prolactin-regulating system.
Significant prolactin elevations persisted for 2 weeks in
patient 2, suggesting that if tolerance does develop it does so
over this period.

Another explanation may be that clozapine exerts a
biphasic effect with diminished prolactin response at higher
blood levels. During the period when prolactin levels dropped
considerably, the clozapine plasma levels of patient 2 had
doubled (from 550 — 1100 ng/ml). Young and Meltzer (1980)
described a similar phenomenon occurring with 2-chloro-11-3
dimethylaminopropylidene morphanthridene, a potential
antipsychotic agent. In six of eleven patients studied, these
authors found moderate increases in prolactin at lower doses
with a return to baseline prolactin values as the dose was
raised. They suggested that one possible explanation for this
finding might be that the drug has only antidopaminergic
effects at lower dosages, but also has some DA receptor-
stimulating properties at higher dosages, or promotes DA
release by some other mechanism.

Clozapine’s proven antipsychotic efficacy, its apparent
lack of extrapyramidal side effects, together with its unusual
neuroendocrine profile continue to be of great scientific
interest despite its clinical unavailability. It is hoped that a
further understanding of its unusal clinical and neurophar-
macologic characteristics will lead to the development of
antipsychotic agents with a better benefit-to-risk ratio.
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