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Fatal cases with the use of atypical antipsychotic drug paliperidone have been reported; however, there
was no clinical report describing paliperidone-induced torsade de pointes. In this study we assessed its
electropharmacological effects together with its proarrhythmic potential in intravenous doses of 0.03, 0.3
and 3 mg/kg using the halothane-anesthetized dogs (n ¼ 5), which could provide approximately 2, 20
and 200 times higher peak plasma drug concentrations than its therapeutic level, respectively. Paliperidone exerted potent vasodilator effect resulting in hypotension, which may be largely explained by
its a1-adrenoceptor blocking action. In vivo electrophysiological results suggest that paliperidone may
-go-go-related gene Kþ channel in a dose-related manner and modestly suppress
inhibit human ether-a
þ
Na channel in the in situ heart. The high dose of paliperidone may have some potential to induce early
afterdepolarization that can trigger lethal ventricular arrhythmias, whereas the low and middle doses
lack such proarrhythmic possibility, indicating that at least 20 times higher plasma concentration may be
considered to be safe.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction
Paliperidone is an atypical antipsychotic drug, of which depot as
well as oral formulations have been worldwide used as the treatment of schizophrenia.1 Recently, the Japanese Ministry of Health,
Labour and Welfare warned against the intramuscular use of paliperidone palmitate extended-release injectable suspension, since
32 patients out of 10,962 died in the Japanese early post-marketing
phase vigilance from November 19th, 2013 to May 18th, 2014.
Notably, more than 12 of the cases were categorized as possible
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sudden deaths,2 and the number of deaths increased up to 85 by
February, 2016. Meanwhile, paliperidone was reported to inhibit
-go-go-related gene (hERG) Kþ channel,3 and prohuman ether-a
long the QT interval in guinea pigs in vivo3 and in humans.4 While
there has been no clinical report describing that paliperidone
induced torsade de pointes, intravenous administration of 6 mg/kg
over 10 min of paliperidone is associated with the onset of torsade
de pointes in the acute atrioventricular block rabbits.5 Accordingly,
torsade de pointes can be considered to explain paliperidoneinduced sudden death. However, information is still limited
regarding its safety margin for the onset of lethal arrhythmia
leading to sudden deaths.
In this study, we assessed electropharmacological effects of
paliperidone together with its proarrhythmic potential using the
halothane-anesthetized beagle dogs.6 We adopted the following
surrogate markers that can quantify the risk of drug-induced lethal
ventricular arrhythmias. Firstly, we analyzed early and late

http://dx.doi.org/10.1016/j.jphs.2017.08.002
1347-8613/© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological Society. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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repolarizations in the electrocardiogram. The duration of early
repolarization (J-Tpeak) has been considered to be changed with the
net balance between inward Naþ/L-type Ca2þ and outward hERG
Kþ currents, prolongation of which may induce intracellular Ca2þ
overload, whereas that of late repolarization (Tpeak-Tend) may reﬂect
the extent of hERG Kþ channel modiﬁcation.7,8 Secondly, we
measured the beat-to-beat variability of the QT intervals to evaluate the temporal dispersion of ventricular repolarization, increase
of which may trigger the early afterdepolarization.9 Tertiary, we
simultaneously measured monophasic action potential (MAP) and
effective refractory period at the same site to quantify the risk for
drug-induced re-entrant ventricular arrhythmias.6 Finally, we
compared the effects of paliperidone on these proarrhythmic surrogate markers with those of E-4031 and amiodarone shown in our
previous studies, which have been known to induce malignant and
benign QT-interval prolongation, respectively.8,10,11
2. Materials and methods
Experiments were performed in female beagle dogs weighing
approximately 10 kg (n ¼ 5). Animals were obtained through
Kitayama Labes Co., Ltd. (Nagano, Japan). All experiments were
approved by the Animal Research Committee for Animal Experimentation of Toho University (No. 15-55-151, No. 16-51-324) and
performed in accordance with the Guidelines for the Care and Use
of Laboratory Animals of Toho University. Dogs were anesthetized
initially with thiopental sodium (30 mg/kg, i.v.). After intubation
with a cuffed endotracheal tube, 1% halothane vaporized with 100%
oxygen was inhaled with a volume-limited ventilator (SN-480-3;
Shinano Manufacturing Co., Ltd., Tokyo, Japan). Tidal volume and
respiratory rate were set at 20 mL/kg and 15 strokes/min,
respectively.
2.1. Cardiohemodynamic variables
Four clinically available catheter-sheath sets (FAST-CATH™
406119; St. Jude Medical Daig Division, Inc., Minnetonka, MN, USA)
were used; two were placed into the right and left femoral arteries,
the other two were done in the right and left femoral veins. A pigtail catheter was placed at the left ventricle to measure the left
ventricular pressure through the right femoral artery, whereas
blood pressure was measured at a space between inside of the
catheter sheath and outside of the pig-tail catheter through a ﬂush
line. The maximum upstroke (peak þdP/dt) and downstroke
(peak dP/dt) velocities of the left ventricular pressure, and the left
ventricular end-diastolic pressure were obtained during sinus
rhythm to estimate the inotropic and lucinotropic status, and preload to the left ventricle, respectively. A thermodilution catheter
(132F5; Edwards Lifesciences, Irvine, CA, USA) was positioned at
the right side of the heart through the right femoral vein. The
cardiac output was measured with a standard thermodilution
method by using a cardiac output computer (MFC-1100; Nihon
Kohden Co., Ltd., Tokyo, Japan). The total peripheral vascular
resistance was calculated with the basic equation: total peripheral
vascular resistance ¼ mean blood pressure/cardiac output.
2.2. Electrophysiological variables
The surface lead II electrocardiogram was obtained from the
limb electrodes. Corrected QT interval (QTc) was calculated with
Van de Water's formula: QTc ¼ QT  0.087  (RR  1000).12 A
standard 6 French quad-polar electrodes catheter (Cordis-Webster
Inc., Baldwin Park, CA, USA) was positioned at the non-coronary
cusp of the aortic valve through the left femoral artery to obtain
the His bundle electrogram.

A bi-directional steerable MAP recording/pacing combination
catheter (1675P; EP Technologies, Inc., Sunnyvale, CA, USA) was
positioned at the endocardium of the right ventricle through the
left femoral vein to obtain MAP signals. The signals were ampliﬁed
with a DC preampliﬁer (model 300; EP Technologies, Inc.). The
interval (ms) at 90% repolarization level was deﬁned as MAP90. The
heart was electrically driven by using a cardiac stimulator (SEC3102; Nihon Kohden Co., Ltd.) through the pacing electrodes of the
combination catheter placed in the right ventricle. The stimulation
pulses were rectangular in shape 1e2 V of amplitude (about twice
the threshold voltage) and of 1-ms duration. The MAP90 was
measured during sinus rhythm (MAP90(sinus)) and at a pacing cycle
length of 400 ms (MAP90(CL400)) and 300 ms (MAP90(CL300)).
The effective refractory period of the right ventricle was
assessed with programmed electrical stimulation. The pacing protocol consisted of 5 beats of basal stimuli in a cycle length of 400 ms
followed by an extra stimulus of various coupling intervals. The
duration of the terminal repolarization period of the ventricle was
calculated by the difference between the MAP90(CL400) and effective
refractory period at the same site, which reﬂects the extent of
electrical vulnerability of the ventricular muscle.6
The J-Tpeak and Tpeak-Tend were measured separately at 10 min
after the start of infusion of each dose, at which the plasma concentrations could be estimated to be peak according to our previous
studies.8 When the end of T wave was obscure, we used MAP signal
as a guide to estimate it as shown in Fig. 1. J-Tpeak was corrected for
heart rate with a coefﬁcient as previously described (J-Tpeakc ¼ JTpeak/RR0.58 with RR in seconds).7 Correction was not performed on
the Tpeak-Tend since previous QT/QTc studies have shown that the
Tpeak-Tend exhibited minimal heart rate dependency at resting heart
rate.7
To assess the temporal instability of the ventricular repolarization, the QT intervals of 51 consecutive beats were measured before
 plots with QTn versus
and after drug administration. Poincare
QTn þ 1 were prepared for each of 4 analysis time points. The mean

orthogonal distance from the diagonal to the points of the Poincare
plot
was
determined
as
short-term
variability:
P
STV ¼
jQTn þ 1  QTnj/[50  √2].9 STV was also measured at
10 min after the start of infusion of each dose.
2.3. Experimental protocol
The aortic and left ventricular pressures, electrocardiogram, His
bundle electrogram and MAP signals were monitored with a
polygraph system (RM-6000; Nihon Kohden Co., Ltd.) and analyzed
with a real-time fully automatic data analysis system (WinVAS3
ver. 1.1R24; Physio-Tech Co., Ltd., Tokyo, Japan). Each measurement
of electrocardiogram and MAP variables as well as atrio-His (AH)
and His-ventricular (HV) intervals adopted the mean of three recordings of consecutive complexes. After the basal assessment,
paliperidone in a low dose of 0.03 mg/kg was intravenously infused
over 10 min, and each variable was assessed at 5, 10, 15, 20 and
30 min after the start of infusion. Then, paliperidone in a middle
dose of 0.3 mg/kg, was intravenously infused over 10 min, and each
variable was assessed in the same manner. Finally, paliperidone in a
high dose of 3 mg/kg was intravenously infused over 10 min, and
each variable was assessed at 5, 10, 15, 20, 30, 45 and 60 min after
the start of infusion.
2.4. Drugs
Paliperidone [9-hydroxy risperidone] (Tokyo Chemical Industry
Co., Ltd., Tokyo, Japan), lactic acid (L-(þ)-Lactic acid, SigmaeAldrich
Co., LLC., St. Louis, MO, USA), thiopental sodium (Ravonal® 0.5 g for
Injection, Mitsubishi Tanabe Pharma Co., Osaka, Japan), halothane
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Fig. 1. Typical tracings showing the His bundle electrogram (His), lead II electrocardiogram (ECG), aortic pressure (AoP), left ventricular pressure (LVP) and monophasic action
potential (MAP) during sinus rhythm at pre-drug basal control (Control, left) and 10 min after the start of 3 mg/kg of paliperidone infusion (10 min after 3 mg/kg of paliperidone
infusion, right). MAP can be used as a marker to determine the Tend. Note the prolongation of the Tpeak-Tend after the drug infusion compared with the pre-drug control, whereas
such prolongation was not observed for the J-Tpeak.

(Fluothane®, Takeda Pharmaceutical Co., Ltd., Osaka, Japan) and
heparin calcium (Caprocin®, Sawai Pharmaceutical Co., Ltd., Osaka,
Japan) were purchased. Paliperidone was dissolved in 1% lactic acid
to concentration of 0.03, 0.3 and 3 mg/mL, since it could not be
dissolved in physiological saline solution. We have conﬁrmed that
the same amount of lactate solution did not alter the cardiovascular
variables over 150 min.13
2.5. Statistical analysis
Data are presented as the mean ± S.E.M. Differences within a
parameter were evaluated with one-way repeated-measures
analysis of variance (ANOVA) followed by Contrasts as a post-hoc
test for mean values comparison. A p value < 0.05 was considered
to be signiﬁcant.
3. Results
No animals exerted any lethal ventricular arrhythmias or hemodynamic collapse, leading to the animals' death during the
experiment.
3.1. Effects on the cardiohemodynamic variables
Typical tracings of the aortic and left ventricular pressures are
depicted in Fig. 1, and the time courses of changes in the cardiohemodynamic variables are summarized in Fig. 2. The pre-drug
basal control values (C) of the heart rate, mean blood pressure,
cardiac output, total peripheral vascular resistance, peak þdP/dt,
peak dP/dt and left ventricular end-diastolic pressure were

112 ± 7 beats/min, 99 ± 8 mmHg, 3.1 ± 0.2 L/min,
33 ± 3 mmHg min/L, 2313 ± 285 mmHg/s, 2129 ± 164 mmHg/s
and 10 ± 1 mmHg, respectively. The low dose of 0.03 mg/kg
decreased the total peripheral vascular resistance for 10 e 30 min
after the start of infusion, whereas no signiﬁcant change was
detected in the other variables. The middle dose of 0.3 mg/kg
decreased the mean blood pressure for 5 e 30 min, total peripheral
vascular resistance for 5 e 30 min and peak dP/dt at 30 min. The
high dose of 3 mg/kg decreased the mean blood pressure for
5e60 min, total peripheral vascular resistance for 5e60 min and
peak dP/dt for 5e60 min, whereas no signiﬁcant change was
detected in the heart rate, cardiac output, peak þdP/dt, and left
ventricular end-diastolic pressure.

3.2. Effects on the electrocardiogram variables
Typical tracings of the electrocardiogram are depicted in Fig. 1,
and the time courses of changes in the electrocardiogram variables
are summarized in Fig. 3. The pre-drug basal control values (C) of
the PR interval, QRS width, QT interval and QTc were 96 ± 2 ms,
62 ± 3 ms, 275 ± 10 ms and 315 ± 8, respectively. The low dose did
not alter any of the variables. The middle dose prolonged the PR
interval for 15e20 min, whereas no signiﬁcant change was detected
in the other variables. The high dose prolonged the PR interval for
5e10 min, QT interval for 5e20 min and QTc for 5e20 and at
45 min, whereas no signiﬁcant change was detected in the QRS
width.
The effects of paliperidone at 10 min after the administration of
each dose on the J-Tpeakc and Tpeak-Tend are summarized in Fig. 4.
These results were depicted as increments from their pre-drug
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Fig. 2. Time courses of changes in the heart rate (HR), mean blood pressure (MBP), cardiac output (CO), total peripheral vascular resistance (TPR), maximum upstroke velocity of the
left ventricular pressure (peak þdP/dt), maximum downstroke velocity of the left ventricular pressure (peak dP/dt) and left ventricular end-diastolic pressure (LVEDP) after the
administration of paliperidone (n ¼ 5). Data are presented as mean ± S.E.M. Closed symbols represent signiﬁcant differences from the corresponding pre-drug basal control value
(C) by p < 0.05.

K. Chiba et al. / Journal of Pharmacological Sciences 134 (2017) 239e246

243

Fig. 3. Time courses of changes in the PR interval, QRS width, QT interval, QTc, atrio-His (AH) and His-ventricular (HV) intervals, and MAP90 during sinus rhythm (MAP90(sinus)); the
MAP90 at a cycle length of 400 ms (MAP90(CL400)) and 300 ms (MAP90(CL300)); and the effective refractory period of the right ventricle (ERP) and terminal repolarization period (TRP)
after the administration of paliperidone (n ¼ 5). Corrected QT interval (QTc) was calculated with Van de Water's formula: QTc ¼ QT  0.087  (RR  1000). MAP90: monophasic
action potential duration at 90% repolarization level. Data are presented as mean ± S.E.M. Closed symbols represent signiﬁcant differences from the corresponding pre-drug basal
control value (C) by p < 0.05.
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control values (C) which were 172 ± 10 and 99 ± 6 ms, respectively.
The low and middle doses hardly altered the J-Tpeakc and Tpeak-Tend.
The high dose prolonged the Tpeak-Tend, whereas no signiﬁcant
change was detected in the J-Tpeakc.
 plot of the QT interval is depicted in Fig. 5 (left),
Typical Poincare
whereas the effects of paliperidone on the short-term variability at
10 min after the start of administration of each dose are summarized in Fig. 5 (right). Pre-drug control value (C) of short-term
variability is 0.6 ± 0.1 ms. Paliperidone increased the STV in a
dose-related manner and signiﬁcant change was detected at
3 mg/kg.

estimated to be 1 mg/mL. Thus, the doses of 0.03, 0.3 and 3 mg/kg of
paliperidone assessed in this study would be considered to provide
approximately 0.03, 0.3 and 3 mg/mL, which can reﬂect about 2, 20
and 200 times higher plasma drug concentrations than its therapeutic level, respectively, when the therapeutic concentration is
17.2 ng/mL. In addition, paliperidone has been reported to suppress
the hERG Kþ, Naþ and L-type Ca2þ channels with IC50 values of
0.43e0.55 (1.0e1.3), 10.7 (25.1) and 171 mg/mL (400 mM), respectively,14,15 predicting that higher doses of paliperidone in this study
may potently inhibit hERG Kþ channel, modestly suppress Naþ
channel and hardly inhibit L-type Ca2þ channel.

3.3. Effects on the AH and HV intervals, and MAP90 during sinus
rhythm

4.2. Cardiohemodynamic effects

Typical tracings of the His bundle electrogram and MAP are
depicted in Fig. 1, and the time courses of changes in the AH and HV
intervals, and MAP90 during sinus rhythm are summarized in Fig. 3.
Their pre-drug basal control values (C) were 74 ± 3, 27 ± 1 and
250 ± 15 ms, respectively. The low dose did not alter any of the
variables. The middle dose prolonged the HV interval for 20e30 min,
whereas no signiﬁcant change was detected in the other variables.
The high dose prolonged the AH interval at 5 min, HV interval at 5
and 20 min, and MAP90(sinus) for 5e20 and at 60 min.
3.4. Effects on the MAP90 during the ventricular pacing, effective
refractory period and terminal repolarization period
The time courses of changes in the MAP90(CL400), MAP90(CL300),
effective refractory period and terminal repolarization period are
summarized in Fig. 3, of which pre-drug control values (C) were
235 ± 9, 215 ± 8, 211 ± 8 and 24 ± 3 ms, respectively. The low and
middle doses hardly altered any of the variables. The high dose
prolonged the MAP90(CL400) for 5e20 and at 45 min, MAP90(CL300)
for 5e20 min and effective refractory period for 5e45 min, whereas
no signiﬁcant change was detected in the terminal repolarization
period. The increments in the MAP90(CL400) and MAP90(CL300) from
the respective pre-drug control values (C) were calculated (not
shown in the ﬁgure). The extent of the increment was greater in the
MAP90(CL400) than that in the MAP90(CL300) for 5e20 min after the
high dose, indicating the characteristics of reverse use-dependent
prolongation of repolarization.
4. Discussion
The results obtained in this study indicated that the low and
middle doses of paliperidone may not provide a substrate for torsade
de pointes, but the high dose has some potential to induce it.
4.1. Rationale for drug dose
The clinically recommended oral daily dose of paliperidone
extended-release tablet was 3e12 mg/body, and Cmax after a single
oral administration of 3 and 6 mg/body was 6.6 ± 2.2 (15.5 ± 5.1) and
13.8 ± 8.2 ng/mL (32.4 ± 19.3 nM) with Tmax of 24 h, respectively,
according to the interview form from the manufacturer (Janssen
Pharmaceutical K. K., Tokyo, Japan). Moreover, a single intramuscular injection of 25, 50 and 150 mg/body of paliperidone palmitate
extended-release injectable suspension into the gluteal muscle of
schizophrenic patients attained Cmax of 3.7 ± 2.3 (8.6 ± 5.3), 7.9 ± 6.6
(18.6 ± 15.6) and 17.2 ± 10.0 ng/mL (40.3 ± 23.3 nM) with Tmax of 16,
11 and 18 days, respectively, according to the same form. Based on
the results of our previous experiments in the halothaneanesthetized dogs,6 the peak plasma concentration after the
administration of 1 mg/kg over 10 min of a drug could be roughly

The low, middle and high doses of paliperidone decreased the
total peripheral vascular resistance; moreover, the middle and high
doses decreased mean blood pressure, possibly inducing an increase of reﬂex-mediated sympathetic tone in vivo. The vasodilator
effect may be explained by the previous in vitro report that Ki value
of paliperidone for a1-adrenoceptor was 1.7 ng/mL (4 nM),16
whereas Naþ and L-type Ca2þ channels inhibition by paliperidone
might have at least in part contributed to the vasodilator effect.
However, paliperidone hardly altered the heart rate, cardiac output
and peak þdP/dt, suggesting that the reﬂex-mediated increase of
sympathetic tone-induced cardiac stimulatory effects may have
been possibly counteracted by the direct cardio-inhibitory action.
The middle and high doses decreased the peak dP/dt, which may
reﬂect the suppression of the left ventricular active diastolic function. On the other hand, paliperidone hardly altered the left ventricular end-diastolic pressure, showing the lack of effect on the left
ventricular passive diastolic process. Therefore, currently analyzed
doses of paliperidone can be considered to possess potent vasodilator effect and mild inhibitory action on the cardiac function.
4.3. Electrophysiological effects
The middle and high doses suppressed the atrioventricular
nodal and intraventricular conductions. The atrioventricular nodal
conduction is considered to be suppressed possibly through L-type
Ca2þ channel-independent mechanism because of its high IC50
value.15 Instead, inhibitory action of paliperidone on hERG Kþ and
Naþ channels could explain its negative dromotropic action, since
pure hERG Kþ channel blocker E-4031 and selective Naþ channel
blocker pilsicainide have been reported to prolong the AH interval
in the anesthetized dogs.17,18 Intraventricular conduction delay by
paliperidone can be explained by Naþ channel inhibition.15 Then
again, the high dose delayed the repolarization in a reverse usedependent manner, suggesting that paliperidone may suppress
hERG Kþ channel. Thus, paliperidone may have a potential to
inhibit hERG Kþ and Naþ channels in the in situ heart.
4.4. Proarrhythmic potential
4.4.1. Effects on the J-Tpeakc, Tpeak-Tend and terminal repolarization
period
As discussed above, paliperidone may decrease outward hERG
Kþ as well as inward Naþ currents. Paliperidone prolonged the late
repolarization, indicating the inhibition of hERG Kþ channel.3 On
the other hand, paliperidone hardly altered the early repolarization,
showing that the impact of Naþ channel inhibition might counterbalance the hERG Kþ channel suppression in this period, which
suggests that paliperidone may less likely induce Ca2þ overload.7
In order to better understand these electrophysiological effects,
we compared the results of paliperidone with those of our previous
studies of E-4031 in doses of 0.01 and 0.1 mg/kg over 10 min and
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Fig. 4. Effects of paliperidone on the J-Tpeakc (DJ-Tpeakc) (left) and Tpeak-Tend (DTpeak-Tend) (right). Those of E-4031 and amiodarone were cited from our previous studies8 for
comparison. Data are presented as mean ± S.E.M. Closed symbols represent signiﬁcant differences from the corresponding pre-drug basal control value (C) by p < 0.05.

 plot of the QT interval before and after the paliperidone administration (left). Effects of paliperidone on the short-term variability of QT interval
Fig. 5. Typical tracings of Poincare
(STV) (right). Those of E-4031 and amiodarone were calculated for comparison using the database of our previous studies.10,11 Data are presented as mean ± S.E.M. Closed symbols
represent signiﬁcant differences from the corresponding pre-drug basal control value (C) by p < 0.05.

amiodarone hydrochloride in doses of 0.3 and 3 mg/kg over
30 s.8,10,11 E-4031 prolonged both J-Tpeakc and Tpeak-Tend in a doserelated manner, whereas amiodarone tended to shorten the JTpeakc but its high dose prolonged the Tpeak-Tend as shown in Fig. 4.
Furthermore, as shown in Fig. 3 paliperidone did not shorten the
terminal repolarization period, which is known to be a reliable
marker for predicting drug-induced re-entrant ventricular arrhythmias,6 whereas E-4031 tended to prolong the period but
amiodarone shortened it in our previous studies.10,19 Thus, the
extent of proarrhythmic potential of paliperidone can be considered to be at the middle level between amiodarone and E-4031.
4.4.2. Effects on the STV
The high dose of paliperidone increased the STV. In order to
better characterize the observation of paliperidone, we reanalyzed
the results of our previous studies of E-4031 and amiodarone.10,11
The pre-drug basal control values (C) of the STV for E-4031 and
amiodarone were 0.79 ± 0.08 and 0.85 ± 0.09 ms, respectively. E4031 tended to increase the STV, whereas amiodarone hardly

altered it, as shown in Fig. 5. Thus, the high dose of paliperidone
may have some potential to increase the temporal instability of
ventricular repolarization, which may increase the chance to
trigger early afterdepolarization,9 whereas its low and middle
doses lack such proarrhythmic potential.
4.4.3. Safety margin for lethal arrhythmia
In our recent study using acute atrioventricular block rabbits,5
paliperidone in a dose of 6 mg/kg over 10 min induced torsade de
pointes, which was not observed after the administration of 0.06 or
0.6 mg/kg. Meanwhile in this study, 3 mg/kg of paliperidone prolonged the late repolarization period and increased the STV, but did
not shorten the terminal repolarization period, whereas no significant change was observed in the early repolarization period. These
results of the proarrhythmic surrogate markers suggest that the
high dose may have some potential to induce early afterdepolarization that can trigger lethal ventricular arrhythmias,
whereas the low and middle doses lack such proarrhythmic possibility, which may indirectly support our previous results.5 Thus,
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the upper limit of safety margin of paliperidone may be located
between the middle and high doses.
4.5. Study limitation and clinical implication
In this study, we did not assess drug interactions or investigate
long-term effect of intramuscular injection paliperidone, which
needs to be clariﬁed. However, potential mechanisms which can
bridge the gap between paliperidone administration and sudden
death could be speculated as follows. Firstly, paliperidone might
have increased the free plasma concentration of co-administered
drugs. Indeed, drugs that have potential to prolong QT interval
including risperidone, haloperidol, chlorpromazine, quetiapine,
ﬂuphenazine and levomepromazine had been prescribed for most of
the patients exerting sudden death, of which protein binding rate
was 90, 92, 98, 83, 95e98 and 90%, respectively.2,20 Meanwhile,
that of paliperidone was about 77.4%.20 Secondly, paliperidone was
reported to inhibit multidrug resistance protein 1, one of the Pglycoproteins, with IC50 value of 37 mg/mL (85 mM),21 inhibiting
excretion and accelerating absorption of the other drugs through
gastrointestinal tracts, which might increase plasma drug concentrations of co-administered drugs. The IC50 value can be >10 times
higher than the estimated peak concentration in this study; moreover, >2000 times higher than therapeutic plasma concentration.
Thus, the second hypothesis may play a minor role. Thirdly, paliperidone may have inhibited the metabolizing enzyme of the other
drugs, which might increase plasma drug concentrations of coadministered drugs, although signiﬁcant CYP-mediated drugedrug interactions are not expected with paliperidone.1 Thus, caution
should be paid on the combination of paliperidone with other
antipsychotic agents having a risk for QT-interval prolongation,
since paliperidone might unmask such potential possibly via pharmacokinetic drug interaction including reduced protein binding.
5. Conclusions
The high dose of paliperidone may have some potential to
induce early afterdepolarization that can trigger lethal ventricular
arrhythmias, whereas the low and middle doses lack such proarrhythmic possibility, suggesting that at least 20 times higher
plasma concentration may be considered to be safe.
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