Effect of caffeine on clozapine pharmacokinetics in healthy volunteers
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Introduction

Aims To assess the effects of caffeine on the pharmacokinetics of clozapine in
healthy volunteers.

Methods This was an open label randomized crossover study in 12 nonsmoking
healthy male volunteers. The subjects received a single oral dose of 12.5mg
clozapine in each phase with or without concomitant intake of caffeine (mean dose:
550 mg dayfl, range: 400-1000 mg dayfl). Serum concentrations of clozapine and
its metabolites desmethyl-clozapine and clozapine-N-oxide were measured during a
48 h period in each phase. In addition, serum concentrations of caffeine and the
metabolite paraxanthine were monitored.

Results A 19% increase in mean clozapine AUC(0,00) (P=0.05) and a 14% decrease
of mean oral clearance of clozapine were observed during concomitant intake of
caffeine (P=0.05) compared with intake of only clozapine. Statistically significant
decreases of mean ratios between AUC(0,12h) for desmethyl-clozapine and
AUC(0,12h) for clozapine (—18%), and between AUC(0,12h) for clozapine-N-
oxide and AUC(0,12h) for clozapine (—23%) were observed during the caffeine
phase (P=0.03 and 0.02, respectively). Oral clearance of clozapine and the ratio
AUC(0,12h) for desmethyl-clozapine/AUC(0,12h) for clozapine were correlated
with the paraxanthine/caffeine ratio in serum after intake of caffeine (r,=0.62; P=
0.03 and r,=0.77; P=0.003, respectively).

Conclusions These results suggest that caffeine in daily doses of 400-1000 mg
inhibits the metabolism of clozapine to an extent that might be clinically significant
in certain individuals.
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Methods

The atypical antipsychotic agent clozapine is metabolized
principally by the enzyme CYP1A2 [1, 2]. Patients with
psychosis have been reported to consume high quantities
of caffeine [3, 4], another CYP1A2 substrate. In a case
report [5], caffeine was suggested to increase the plasma
concentration of clozapine, hereby causing toxic symp-
toms. Moreover, it has been reported that temporal
withdrawal of habitual caffeine intake increases clozapine
metabolism [6]. On the other hand, caffeine seems to
induce the CYP1A2 activity in rats [7, 8]. The present
study was undertaken to investigate systematically whether
caffeine affects the pharmacokinetics of clozapine in
humans.
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Subjects

Twelve nonsmoking male volunteers between 20 and
39 years old (mean 29 years) took part in the investigation.
They were healthy, as assessed by medical history,
physical examination and routine blood chemistry tests.
Their body weight ranged between 72 and 105 kg
(mean 85 kg). They were all characterized as extensive
metabolisers of drugs catalysed by CYP2D6 and
CYP2C19 by means of the test drugs dextromethorphan
and mephenytoin, respectively [9]. Except for the study
medications, the study subjects were drug free for at least
2 weeks before start of the study and during the entire
sampling period. The study protocol was approved of by
the regional Ethics Committee at Umed University
Hospital and each subject gave informed consent before
entering the study.

59



S. Hdgg et al.

Protocol

The study was performed using a randomized cross over
design. Each phase was separated by an interval of at least
2 weeks. In both phases a single dose of 12.5 mg
clozapine (Leponex, Sandoz, Basel, Switzerland) was
given at 08.00 h after an overnight fast. No food intake
except standardized meals at noon and at 17.00 h was
allowed during the first 12 h after intake of clozapine.
During the control phase intake of food or beverages
containing caffeine or other methylxanthines was not
allowed from 18 h before clozapine intake until the end
of the sampling period. During the caffeine phase the
subjects received oral doses of 100 mg caffeine (1 tablet
of 100 mg Koffein ACO; ACO, Helsingborg, Sweden)
—2, 2,6, 10, 15, 22, 28, 32 and 39 h after clozapine
intake. In addition, dietary caffeine intake (food and
beverages) was allowed and was registered and estimated
according to data from the Swedish National Food
Administration.

Sample collection

For the analysis of clozapine and its metabolites 10 ml
venous blood were collected immediately before intake
of clozapine and 1, 2, 3, 4, 5, 6, 8, 10, 12, 24, 32 and
48 h later. For the analysis of caffeine and its major
metabolite paraxanthine 10 ml venous blood were col-
lected O and 24 h after clozapine intake in the control
phase and 6, 10 and 24 h after clozapine intake in the
caffeine phase Serum was separated within 45 min and
stored at —70° C for the clozapine assay and at —20° C
for the caffeine assay.

Analytical methods

Serum levels of clozapine and its metabolites desmethyl-
clozapine and clozapine-N-oxide were determined by a
previously described reversed phase high performance
liquid chromatography (h.p.l.c.) method [10, 11]. The
limit of quantification was 2 nmol 17" for clozapine as
well as for its metabolites. The method was linear for all
analytes up to at least 3000 nmol 1~ '. The intra-assay
coefficients of variation ranged between 1.8% and 7.8%
and the interassay coeflicients of variation ranged between
1.9% and 14.8% for clozapine and its metabolites. The
recoveries varied between 81% and 90%. Caffeine did
not interfere with the clozapine assay.

Concentrations of caffeine and paraxanthine in serum
were analysed by a h.p.l.c. method described in detail
elsewhere [12]. The recoveries for caffeine and paraxan-
thine were 112% and 102%, respectively. The intra-assay
and interassay coefficient of variations were 1.9% and
10.9%, respectively, for caffeine and 5.1% and 12.1%,
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respectively, for paraxanthine. The method was linear at
least to 250 ymol 1~ " and the limit of quantification was
0.5 pmol 1"

Pharmacokinetic assessments

Peak concentrations (C,,,,) and peak concentration times
(tmax) Were taken directly from the original data. Other
pharmacokinetic parameters were calculated using the
pharmacokinetic program packages Siphar/Win, version
1.13 (Simed SA, Créteil, France). AUC for clozapine
was calculated using a two-compartment model. Mean
residual areas for clozapine made up 21 and 19% of the
total areas for the caffeine phase and the control phase,
respectively. For the clozapine metabolites, a noncompart-
ment model was used. Later than 12 h after clozapine
intake the concentrations of the clozapine metabolites
were below the limit of quantification in several subjects.
The extrapolated AUC from 12 h to infinity made up
more than 50% of the total AUC for desmethylclozapine
in three and four subjects in the control and caffeine
phase, respectively, and for clozapine-N-oxide in one
and six subjects in the control and caffeine phase,
respectively. Therefore, AUC values based upon concen-
trations from 0 to 12 h (AUC(0,12h)) were calculated for
desmethylclozapine and clozapine-N-oxide. The ratio
paraxanthine/caffeine was calculated as the mean of the
three samples.

Statistical analysis

Statistical calculations were performed with the statistical
program package Statistica (version 5.0; Statsoft, Ok,
USA). Spearman’s rank correlation test and Wilcoxon’s
test for paired data were used for statistical analysis.
Statistical level of significance was set at P=0.05. It was
calculated that 12 subjects were required to reveal a 20%
change of clozapine AUC between the two phases with
a=0.05 and £=0.20.

Results

Clozapine and desmethyl-clozapine could be detected in
serum of all subjects for up to 36 h. The concentrations
of clozapine-N-oxide were above the limit of quantifi-
cation for at least 12 h in all but three subjects. A value
of 1 nmol 171, i.e. half of the limit of quantification, was
assigned in these cases to be able to calculate AUC(0,12h).

In the caffeine phase the trough mean
concentrations of caffeine and paraxanthine (range
6.6 ‘umollfl—39.1 \u.mollfl) and 14.4 p,moll*1 (range
5.0 pmol 1 '-28.1 pmoll 1), respectively. In the control
phase, the serum concentrations of caffeine and paraxan-
thine were below the limit of quantification in nine and

serum
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seven subjects, respectively. The other subjects had low
concentrations. During the caffeine phase, the total
caffeine intake ranged between 500 mg and 700 mg day
1 and between 400 mg and 1000 mg day 2, with a mean
of 550 mg day .

Pharmacokinetic parameters are shown in Table 1. A
19% increase (range: —14%—+97%) (P=0.05) in mean
clozapine AUC(0,00) and a 14% decrease (range: —49%
to +7%) (P=0.05) of mean oral clearance of clozapine
was observed during concomitant intake of caffeine as
compared with the control phase. There were statistically
significant decreases in mean ratios between AUC(0,12h)
tor desmethyl-clozapine and AUC(0,12h) for clozapine
(—18%), and between AUC(0,12h) for clozapine-N-
oxide and AUC(0,12h) for clozapine (—23%) when
caffeine was added (Table 1). The individual differences
in these ratios ranged between —51% and 4 6%, and
—52% and +11%, respectively. There were no relation-
ships between trough values of caffeine and changes in
clozapine AUC between the two phases (r, —0.31, P=
0.33) or between the caffeine doses and changes in
clozapine AUC (r, —0.07, P=0.83).

Oral clearance of clozapine in the caffeine phase
correlated significantly with the paraxanthine/caffeine
ratio of the three measurements in the caffeine phase
(r,=0.62, P=0.03) (Figure 1a). Moreover, there was also
a significant correlation between the desmethyl-clozapine
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AUC(0,12h)/clozapine AUC(0,12h) ratio and the parax-
anthine/caffeine ratio (r,=0.77, P=0.003) (Figure 1b),
in contrast, no significant relationship between the
clozapine-N-oxide AUC(0,12h)/clozapine AUC ratio
and the mean paraxanthine/caffeine ratio was revealed
(r,=0.47, P=0.12).

All study subjects suffered from sedation after intake of
clozapine. Other reported side-effects were dry mouth,
nausea, dizziness, headache, myalgia, restless legs and
unclear speech. One subject reported recurrent episodes
of nausea related to the intake of caffeine.

Discussion

The principal finding in the present study is that caffeine
inhibits clozapine clearance. Previously published reports
indicate that clozapine is metabolized mainly by CYP1A2
which is responsible for the N-demethylation to desme-
thyl-clozapine [1, 2] and can alter the metabolism of
clozapine [5, 6]. In seven schizophrenic patients average
clozapine concentrations decreased 37% and the desme-
thyl-clozapine/clozapine ratio increased 120% 5 days after
caffeine withdrawal compared with baseline values [6].
The estimated daily caffeine intake was 1100 mg in one
subject and 150-200 mg in the remaining subjects. In a
case report, caffeine intake (1200 mg dayil) was sus-
pected to increase the plasma concentration of clozapine

Table 1. Pharmacokinetic parameters after an oral dose of 12.5 mg clozapine with or without intake of caffeine (n=12). Results are

expressed as means +s.d.

95% CI of
Variable Control period Caffeine period the difference P value®
Clozapine
Cinax (nmol 171 98.0+53.3 97.04+39.2 —20.2, 29.7 0.35
fmax (h) 14407 15407 —0.2,05 0.47
t12 (h) 18.6+12.8 19.5+£7.0 —6.5,8.3 0.48
AUC(0,12h) (nmol1™ " h) 1128 4570 1275+ 439 113, 407 0.18
AUC(0,00) (nmol 1™ " h) 1348 +633 1603 +618 10, 502 0.05
CLow (1h ™) 3424153 29.3+16.4 —-99,0 0.05
Desmethyl-clozapine
Cinax (nmol 171 16.3+3.4 16.1+4.9 —22,18 0.53
fmax (D) 45438 37435 —4.1,25 0.61
AUC(0,12h) (nmol1™ " h) 143434 134432 —25,7 0.18
Clozapine-N-oxide
Chax (nmol 171 13.3+5.1 11.8+3.9 —5.2,22 0.35
fmax (h) 24112 25+13 —0.8, 1.1 0.74
AUC(0,12h) (nmol1~" h) 75427 65118 —23,3 0.07
Ratios
AUC(0,12h) desmethyl-clozapine/ 0.15040.067 0.11640.040 —0.066, —0.002 0.03
AUC(0,12h) clozapine
AUC(0,12h) clozapine-N-oxide/ 0.076 £0.031 0.057 £0.027 —0.033, —0.004 0.02
AUC(0,12h) clozapine
*Paired Wilcoxon’s test.
© 2000 Blackwell Science Ltd Br | Clin Pharmacol, 49, 59-63 6l
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Figure 1 a) Relationship between oral clearance of clozapine in
the control phase and mean value of three paraxanthine/caffeine
ratios in the caffeine phase in 12 non-smoking healthy volunteers
who were given a single dose of 12.5 mg clozapine in each
phase. A significant positive correlation was revealed (r,=
0.62;/P=0.03). b) Relationship between the desmethyl-clozapine
AUC(0,12h)/clozapine AUC(0,12h) ratio in the control phase
and mean value of three paraxanthine/cafteine ratios in the
caffeine phase. A significant positive correlation was revealed (r,=
0.77, P=0.003).

resulting in symptoms indicative of clozapine toxicity [5].
After caffeine withdrawal plasma concentration of clozap-
ine fell with 58% and the desmethyl-clozapine/clozapine
ratio, which has been suggested to be a estimate of
CYP1A2 activity, increased from 0.42 to 0.52.

Our results are consistent with these previous obser-
vations although the decrease in clozapine clearance
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when clozapine was administered with caffeine was
moderate. However, in one of the 12 subjects, clozapine
AUC was nearly doubled indicating that certain individ-
uals may be more predisposed to this effect. The decrease
in the ratio AUC(0,12h) for desmethyl-clozapine and
AUC(0,12h) for clozapine indicates that the underlying
mechanism is reduced CYP1A2 activity caused by
caffeine intake. The role of CYP1A2 is further supported
by the finding that the above mentioned ratios were
significantly correlated to the paraxanthine/caffeine ratio,
an index used to measure CYP1A2 activity [13].

Dose-dependent elimination of caffeine in humans has
been reported in several studies [14—17]. It has been
suggested that the elimination of caffeine is linear for
doses up to 5 mg kgf1 and becomes nonlinear somewhere
between 5 and 7.5 mg kgi1 [14]. Due to the dose-
dependent kinetics of caffeine, a pronounced and dispro-
portional reduction of clearance for clozapine and other
CYP1A2 substrates might be the result when caffeine is
ingested in higher quantities than those used in this study,
which was 4-12 mg kgf1 day ' Moreover, the capacity-
limited metabolism of caffeine could be a result of the
saturation of CYP1A2 by caffeine itself or a metabolite
of caffeine.

In conclusion, the present study indicates that caffeine
reduces clozapine clearance most likely by inhibiting
CYP1A2. Changes in habitual caffeine intake can
therefore explain some of the large kinetic variability for
clozapine [18] and may have clinical consequences in
certain individuals. Hence, we recommend that variations
in the intake of caffeine should be taken into consideration
when clozapine 1s used.

We acknowledge Kerstin Granstrom, Gunnel Persbo-Lundqvist
and Emma Soderstrom for excellent clinical and technical assistance.
Staffan Higg has a fellowship in clinical pharmacology, set up by
Merck, Sharp and Dohme.
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