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ORIGINAL ARTICLE

Pharmacokinetics and QT interval

pharmacodynamics of oral haloperidol in poor
and extensive metabolizers of CYPZD6

M DeSai1:2 ABSTRA§T . . . .
We studied the pharmacokinetics and QT interval pharmacodynamics of a

2

lE Tanussantos single 10mg dose of oral haloperidol in a randomized, double-blind,
l— l—ll p|acebo—contro||ed, crossover trial of healthy poor (PMs) and extensive (EMS)
]C Corski‘ metabolizers of CYPZD6. There was a statistically significant greater mean

M A,-efayene1.2 QTC on haloperidol (421.6i20.1 ms) than on placebo (408.4i18.5 ms,
P—0.0053) occurring 10h post haloperidol/placebo administration. Men

- 1

Y Llu 1 2 and women had similar ranges of QTC changes from placebo. Despite a
Z Desta ' statistically significant greater mean elimination half—life (19.1 i3.6 vs
DA Flockhart” 12.9i4.0 h, P:0.04) and lower mean apparent oral clearance (12.8i4.1

vs 27.0i11.3 ml/min/kg, P:0.02) of haloperidol in CYPZD6 PMs than in
‘DiY/5/°f'5 0'‘ Clinical Pharmacology, lnd/9"” EMS, this exposure change did not translate into marked QTC changes from

baseline that could be considered ‘clinically important. Although the
Washington’ DC’ USA magnitude of the mean QTC prolongation on haloperidol relative to placebo

isre 
Correspondence: factors for QT prolongation.
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Tel: +1 317 630 8795 INTRODUCTION

Em“ 3&7 ‘|::°(g_l35_ d Schizophrenia is a common psychiatric disease with a lifetime prevalence of
‘mm ‘ 0c '3 lupme U nearly 1% of the general population1 that is associated with an increased risk of

premature death. A recent meta—analysis revealed that schizophrenic patients are
1.5 times more likely of dying from all causes compared to an age— and gender-

matched cohort of the general population? While it is not known how much of
this excess risk can be attributed to antipsychotic-induced cardiotoxicity, it is

clear that many antipsychotics are arrhythmogenic.3
Among the antipsychotic drugs, haloperidol remains one of the most widely

used worldwide. Haloperidol—induced ventricular arrhythmias of the torsades de
pointes (TdP) type have been reported with a range of doses starting as low as
4 mg”‘ administered over a 24 h period and as high as 825 mg5 over a 24-h period.
Cardiac side effects at high doses likely involve excessive exposure to haloperidol.
However, the extent to which low doses of haloperidol contribute to QT interval

prolongation in the absence of risk factors6 such as age, concomitant
medications, electrolyte imbalances, ischemic heart disease, or congenitally
prolonged QT intervals is less well characterized. Prolongation of the QT interval
is a biomarker for the malignant ventricular arrhythmia of TdP.

In vitro cardiac electrophysiology studies that we have conducted demonstrate

Received: 26 September 2002 that supratherapeutic concentrations of haloperidol prolong the heart rate
Revised: 2 lanuary 2003 corrected QT interval (QTC) by approximately 26% in an isolated perfused feline
Accepted: 6 january 2003 heart model. The mechanism of_haloper1dol—med‘1ated_QT prolongation
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involves blockade of the rapidly acting delayed rectifier
potassium channel (IKI). Haloperidol, has been shown to
block this channel expressed in Xenopus oocytes in a

concentration—dependent manner with an ICSO of 1 uM.8
Despite the clear ability of haloperidol to bring about
relevant changes in ion channel activity in vitro and a

number of incriminating case reports of cardiotoxicity,9 the
ability of therapeutic doses of haloperidol to prolong the
QTC interval in healthy subjects without the presence of
interacting drugs is not known.

Cytosol reductase is the enzyme that converts haloperidol
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to reduced haloperidol, an active metabol“1te.mfl1 Reduced
haloperidol can be oxidized back to haloperidol by cyto-
chrome P450 isoforms CYP3A4 and CYP2D6.12*13 Multiple
clinical studies have shown that CYPZD6 genotype influ-
ences haloperidol and reduced haloperidol pharmacoki-
netics.”’16 However, it is not known to what extent CYPZD6

genotype influences haloperidol—induced QT interval phar-
macodynamics.

The primary objective of the present study was to
mdeWr used clinical—dose

of haloperidol to alter the QTC interval in healthy subjects in
a prospective, randomized controlled trial. The secondary
objectives of the study were to determine the influence of
CYPZD6 genotype on haloperidol disposition and QT
interval pharmacodynamics.

RESULTS

 
bazettsubj spec fridericia

Figure 1 Absolute slope comparisons of each subject's (N:16)
linear regression line between QTC vs RR using the subject-specific
correction, Fredericia’s correction, and Bazett’s correction (based
on placebo period data only). A lower slope suggests less potential
for over or under correction of the heart rate corrected QT interval
(QTc)-

Subject-specific QT Correction Model
The slopes of the QTC vs RR linear regression lines derived
from Bazett’s, Fredericia’s, and the subject—specific heart rate
correction formulae were compared using placebo (off-drug)
response data. The goal of heart rate correction of the QT
interval was to obtain a QTC vs RR linear regression line with
a slope as close to zero as possible. As shown in Figure 1, the
meanabsoluteslopeiSDoftheQTLinterval(ms)vsRR

mn 

/\totalof16healthysubjectsparticipatedinthestudy.
Subject demographics are presented in Table 1. The body

mass index (BMI) ranged from 21.4 to 31.6 kg/m2 in all
subjects with males (25.8i3.6 kg/m2) having a greater BMI
compared to females (22.4fi 1.4 kg/mz) (P:0.036). In all,
eight of the volunteers were CYPZD6 *1 homozygotes, two
were *4 heterozygotes, two were *10 heterozygotes, one was
a *17 homozygote, and three were *4 homozygotes. One
subject who started the study dropped out because of severe

interval (ms) regression line for placebo period data using
the subject—specific correction (0.022i0.014) was signifi-
cantly lower than the mean absolute slopes using Freder-
icia’s correction (0.043 450.028, P=0.04) or Bazett’s

correction (0.10fi0.049, P <0.0001). Since the subject-
specific correction generated QTC vs RR linear regression
lines with the smallest absolute slopes, we chose to present
study results using this correction method. Using linear
mixed modeling for QT correction, the mean oc+standard

the mean heart rate was 62.33565 beats per minute (bpm)
and 56.3 i8.1 bpm on haloperidol and placebo, respectively
(P:0.003 pre-Bonferonni and P:0.039 post—Bonferonni).
The heart rate was not statistically significantly different
between the two groups at any other time point during the
study.

error of the mean (SEM) for our study sample was 0.29 i0.02
(range 0.23-0.38). Alpha (01) was defined as the slope of the
log transformed QT vs RR relation using the subject—specific
heart correction method. The terms corresponding to or in
both the Bazett and Fredericia heart rate correction formulae

were constant at 1/2 and 1/3, respectively.

Pharmacokinetics

The meaniSD pharmacokinetic parameters of haloperidol
Table 1 Demographics

Female (n=8) Males (n=8)

Age (years) 26.9+8.0 32.1 +4.0
Weight (kg) 62.3i6.7 82.5 114.2
Height (cm) 166.7i7.4 178.5i6.2
Ethnicity

Caucasian 5 4
African—American 1
Asian 2 1

for the 16 subjects are shown in Table 2. As shown in Table 3,
there was no statistically significant difference between
females and males with respect to clearance (25.2: 12.3 vs
23.3 : 11.8 ml/min/kg, P: 0.72), half-life (15.1 : 2.4 vs
13.1 : 5.9 h, P: 0.28), and AUC (132.1 f 66.8 vs 107.1 f

47.6 ng h/ml, P=0.50) for the 10 mg dose. Reduced halo-
peridol, an active metabolite of haloperidol, was below
detectable limits in the majority of subjects and therefore a
pharmacokinetic profile of this metabolite is not reported. All

Values are reported as the meaniSD of subjects completing the study.
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Table 2 Haloperidol pharmacokinetic parameters (n=16)

Cmax (ng/mi) 7.61.3.6
Tmax (*1) 29il -3
AUC (ng h/ml) 119.6157.4
Vd/F(l/kg) 27.0111.9
Clearance/F (ml/min/kg) 24.3111.7
Half-|ife(h) 14.114.5

Values are reported as the mean1SD after administration of 10mg of oral
haloperidol. Cmax is the maximal plasma concentration recorded in each subject.
Tmax is the time at which Cmax occurred. AUC is the area under the plasma

Haloperidol pharmacokinetics and pharmacodynamicsM Desai et al @
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were poor metabolizers (PMs). In the three PMs receiving the
10 mg dose, the mean Cmax was 1.23 ng/ml occurring between
24 and 48h after haloperidol administration. In the single
extensive metabolizer (EM) in whom it was detected, the Cmax
was 0.696 ng/ml occurring at 8 h postdose.

The effects of CYPZD6 genotype on haloperidol pharma-
cokinetics are shown in Figure 2. The mean terminal
elimination half—life of haloperidol was statistically signifi-
cantly higher in PMs (19.1 14.0 h) compared to EMS
(12.914.0 h, P—0.04) (Figure 2a). The mean apparent oral
clearance of haloperidol was significantly lower in PMs

volume of distribution. Clearance/F is the apparent oral clearance.

Table 3 Haloperidol pharmacokinetics and sex

Females (n = 8) Males (n = 8) P-value

(T278141 ml/min/kg) compared to EMS (Z7.0—_—l1.3ml/
min/kg) (P:0.02) (Figure 2b). The maximal plasma con-
centrations of haloperidol achieved were 6.11O.3 and
7.913.9 in PMs and EMS, respectively and were not
statistically significantly different.

QT Interval Pharmacodynamics
As expected, the time averaged QTC’s1SD off drug (placebo
only) were 4l6.81l7.9 and 408.91 16.6 ms in females and

AUC (ng h/ml) 132.1166.8 107.1147.6 0.51
Clearance/F (ml/min/kg) 25.3112.3 23.3111.8 0.72
Half-life (h) 15.112.4 13.116.0 0.29

Values are reported as the mean 1 SD of subjects receiving 10 mg oral haloperidol.
AUC is the area under the plasma concentration vs time curve extrapolated to
infinity. Clearance/F is the apparent oral clearance. P—va|ues calculated using a
nonparametric statistical test.
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Figure 2 (a) Distribution of half—lives (h) as a function of CYPZD6
genotype. (b) Distribution of apparent oral clearances (ml/min/kg)
as a function of CYPZD6 genotype (mean half—life and clearance/

function of time post haloperidol/placebo administration. (b) Mean
QTC change1SD (ms) and mean plasma haloperidol concentra-
tions1SD (ng/ml) as a function of time posthaloperidol adminis
tration. The QTC change is defined as QTC on haloperidol minus the
QT‘ on placebo at the corresponding time point. *P:0.00S3 (after

T& :*P 0.—94;**P 0:92.  .
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males, respectively (P:0.001), which is consistent with
findings in the medical literature that suggest females in
general have longer QT intervals than males in the absence
of drug therapy.

Figure 3a shows the mean QTC’s:SD in the treatment and
placebo groups at each time point during the study. At the
10 h time point, the mean QTc’s were 421.6:20.1 and
408.41 18.5 ms on haloperidol and placebo, respectively
(P=0.00041 pre-Bonferonni, P:0.0053 post-Bonferonni).
At the 4- and 6-h time points, there were trends towards a
greater mean QTC on treatment than placebo but after

 -

Bonferonni’s correction the trend was nullified. Figure 5b
shows both the haloperidol—induced mean QTC changes
from placebo and the mean haloperidol plasma concentra-
tions as a function of time post dosing. The QTC change is
defined as the QTC on treatment at a given time point less
the QTC on placebo at the corresponding time point. Males
and females had significant overlap in their maximal QT:
changes from placebo as shown in Figure 4a. There was also
significant overlap in QTC changes from placebo at Tmax (the
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C d 30 Figure 5 QTC changes from baseline: haloperidol vs placebo. (a)
Maximal QT: change in milliseconds from baseline occurring at any

20 time postdose. (b) QTC change in milliseconds from baseline
occurring at Tmax (time point where maximal haloperidol concen-

10 trations were achieved).

8 §
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.10 EMS of CYPZD6, there was significant overlap between the
QTC changes from placebo as shown in Figure 4c and 4d.

‘20 There was significant overlap in the maximal QTC change

0 _30 from baseline (time 0 time point) in the treatment and

  
PM's EM'sPM's EM's

Figure 4 Haloperidol-induced QTC changes from placebo as a
function of sex and genotype. (a) and (c) show maximal QTC
changes in milliseconds from placebo occurring at any time
postdose. (b) and (d) QT: changes in milliseconds from placebo
occurring at Tmax (time point where maximal haloperidol concen-

placebo groups as shown in Figure 5a. Similarly, significant
overlap in the QTC change from baseline occurred at the
time point when maximal haloperidol plasma concentra-
tions were achieved as shown in Figure 5b.

The maximal change in QTC relative to baseline observed
in a single individual at any time post haloperidol admin-
istration was 8.8"/0. Similarly, the maximal change in QTC

The Pharmacogenomics Journal
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variability of this measurement in the absence of any
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occurring 10h post oral haloperidol administration. This
difference could not solely be the result of intraobserver

 

treatment.

There was poor correlation between plasma haloperidol
concentrations and QTC change from placebo during the

first 10h of the study (R2:O.OO7, P>O.30) (figure not
shown).

Adverse Effects

No subject was discontinued from the study because of

variability in QT interval assessment because there was only
a mean 1.3 ms difference at time 0 (baseline) in both the
placebo and haloperidol treatment periods. This 1.3—ms
difference likely reflected the sum of both intra-observer
variability and intraindividual variability in the QT/QTC and
accounted for about 10% of the change seen at the 10-h
time point.

Our results differ from other studies in the literature that

suggest haloperidol does not cause statistically significant

because of severe anxiety and restlessness starting 4 h after
receiving haloperidol. The most common side effects seen
with haloperidol were anxiety and restlessness of variable
intensity that occurred in 12 of 16 subjects (75%) complet-
ing the study. Other less common side effects that occurred
at a frequency of between 10 and 40% were difficulty
concentrating, feeling tired or sleepy, decreased appetite,
dry mouth, blurred vision, dystonia, and vivid dreams.

’I—m;ee experienced . - X - -
after dosing and were successfully treated with diphenylhy-
dramine 25 mg orally.

Subjects experiencing dystonia requiring diphenylhydra—
mine did not differ significantly in haloperidol pharmaco-
kinetic parameters compared with those not experiencing
these side effects. Subjects experiencing dystonia showed a
mean clearance of 15.3i4.1 ml/min/kg, while those not
experiencing this side effect showed a mean clearance of
26.02%-12.4 ml/min/kg ('P:0.071). The mean Cm, of

Qlc prolongation when usedfiin relatively low doses. l<ulop et

ails reported a nonsignificant QTC prolongation of <4 ms at
the end of 6 weeks of treatment with oral haloperidol (doses
up to 10 mg/day) in patients with Tourette’s SyI1dIOII1€.l9
The mean dose used in Fulop’s study was approximately
5 mg a day. There are major differences in the two study
designs. The obvious difference was that our study was a
single—dose study whereas Fulop’s was a multidose study. In
our study, all subjects receiving haloperidol also served as

number of subjects had both a placebo and treatment
period. Additionally, we had a comprehensive placebo
period during which ECG sampling was intensively per-
formed, therefore allowing us to monitor the natural
fluctuations of QTC in the absence of treatment. Intense

placebo period ECG sampling was not performed in Fulop’s
study. Also in our study, we acquired ECGs at multiple
prespecified time points post haloperidol administration

haloperidol in subjects experiencing dystonia was
9.4i4.2 ng/ml, while the Cmax in subjects not experiencing
dystonia was 7.1 fi3.4 ng/ml (P=O.35). Similarly, there was
no statistically significant difference in the mean plasma
concentration vs time area under the curve between the two

groups (158€g94 vs 111 i417 rig h/ml, P=O.35). The CYPZD6
genotypes for the three subjects who experienced dystonia
were *4 heterozygote, *l0 heterozygote, and *4 homozygote.

allowing—ustodeteetQTLehangesthatweredelayedfroi:n
peak plasma concentrations. In Fulop’s study, acquiring only
a single ECG at the end of the study may have caused a peak
QT effect that was significantly delayed from the peak
plasma concentration to be missed. Additionally using a
range of doses up to 10 mg may have diluted the power to
detect an effect at any specific dose (eg 10 mg). Another
possibility of a lack of effect in Fulop’s chronic dose study
could be tolerance to IK, blockade. It is unclear if this

DISCUSSION

We conducted a study of the effects of routinely used, low
doses of oral haloperidol on the electrocardiograpliic QT
interval pharmacodynamics in healthy volunteers not on
concomitant medications. To improve the mechanistic
understanding of our data, we determined the pharmacoki-
netics of haloperidol in each subject and the effect of
CYPZD6 genotype on pharmacokinetics and QT interval
pharmacodynamics. We chose to study a healthy population

general, we believe our study had greater sensitivity to
detect an effect of haloperidol on the QTC interval than did
Fulop’s study.

We found a small but statistically significant effect of
C YPZD6 genotype on haloperidol pharmacokinetics in that
the terminal elimination half—life was greater and the
apparent oral clearance was lower in PMs than in EMs.
These findings were consistent with findings from other
studies.”*‘4 However, the exposure differences attributed to

because of the potential for multiple, confounding, drug
and disease interactions in a patient population and because
of the specific potential for ion channel variants to occur in
the hearts of patients with schizophrenia. Potassium
channel variants have been reported in the brains of

schizophrenics.” Single doses rather than multiple doses
were used because of the intolerability of the latter study
design in normal, healthy volunteers.

Our data showed a statistically significant mean QTC

C YPZD6 genotype were not sufficient to produce substantial
haloperidol—induced QTC pharmacodynamic changes in PMs
relative to EMs. A likely reason for this observation could be
that CYPZD6 is not exclusively responsible for haloperidol
disposition. It is known that several P4505 and non-P450
enzymes are involved in this process, thus making it difficult
for a deficiency in any particular metabolic pathway to
markedly influence QT interval pharmacodynamics. Cyto-
solic ketoreductase is the enzyme responsible for conversion

prolongafion of approximately f3ms relative to placebo of haloperidol to reduced h'cll0p€I1dOl.I0’_H In vltro studies

www.nature.com/tpj
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