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Aims

 

To assess the haemodynamic, electrocardiographic and glycaemic effects of piper-
aquine-dihydroartemisinin (Artekin

 

®

 

) fixed combination therapy in uncomplicated
malaria.

 

Methods

 

Sixty-two Cambodians (32 children and 30 adults) with falciparum or vivax malaria
were given Artekin

 

®

 

 given as four age-based oral doses over 32 h. Supine and erect
blood pressure, the electrocardiographic QT interval and plasma glucose were mea-
sured before treatment and then at regular intervals during a 4-day admission period
as part of efficacy and safety monitoring. QT intervals were rate-corrected (QT

 

c

 

) using
Bazett’s formula.

 

Results 

 

Artekin

 

®

 

 therapy was well tolerated and all patients responded to treatment. Average
parasite and fever clearance times were 19 and 12 h, respectively. The pretreatment
mean fall in systolic blood pressure on standing was 8 

 

±

 

 6 mmHg and 6-hourly
measurements over 72 h showed no significant change (

 

P

 

 = 0.48). There was a
significant lengthening of the mean QT

 

c

 

 to a maximum of 11 ms

 

0.5

 

 (95% confidence
interval 4–18 ms

 

0.5

 

) relative to baseline at 24 h (

 

P

 

 = 0.003). The maximal QT

 

c

 

prolongation observed in any patient was 53 ms

 

0.5

 

. There was a mean 0.4 mmol l

 

-

 

1

 

reduction in the post-absorptive plasma glucose during the first 48 h but no episodes
of hypoglycaemia (plasma glucose < 3.0 mmol l

 

-

 

1

 

) were observed at any time.

 

Conclusions 

 

Artekin

 

®

 

 is safe and effective combination therapy for uncomplicated malaria in
children and adults. Although piperaquine is a long half-life drug related to other
quinoline compounds including chloroquine and quinine, no clinically significant
cardiovascular or metabolic effects were observed.
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Introduction

 

Although the combination of an artemisinin derivative
with a long-acting schizonticidal drug is currently advo-
cated as the optimal strategy for the treatment of malaria
[1, 2], the choice of partner drug can be problematic.
Existing candidates are relatively expensive (mefloquine
and atovaqone-proguanil), have unpleasant side-effects
(mefloquine), are unreliably absorbed (lumefantrine) or
face high levels of pre-existing parasite resistance (chlo-
roquine, amodiaquine and sulfadoxine-pyrimethamine).
Other ‘forgotten’ antimalarial drugs are being consid-
ered. These were developed decades ago but did not
achieve sustained use. They include 4-aminoquinoline
compounds such as piperaquine (1,3-bis[1-(7-chloro-4

 

¢

 

-
quinolyl)-4

 

¢

 

-piperazinyl]) phosphate.
Piperaquine is available as a relatively inexpensive

fixed combination with dihydroartemisinin (Artekin

 

®

 

)
that can be given in a short-course regimen. Initial stud-
ies from Indochina have shown that it is effective and
well tolerated [3]. However, whilst already licensed in
some south-east Asian countries, the systematic collec-
tion of detailed pharmacokinetic, efficacy and safety
data from conventional Phase I–IV trials, as required by
regulatory bodies in the developed world [4], has not
been carried out. This would include preclinical 

 

in vitro

 

and animal studies, volunteer and clinical studies that
define absorption, excretion, clearance, metabolic path-
ways and drug concentrations during treatment, whilst
simultaneously monitoring for toxicity and therapeutic
response. Some piperaquine animal toxicity data have
been published [5, 6] and the therapeutic and prophy-
lactic efficacy of piperaquine monotherapy was docu-
mented in clinical trials in the 1970s [7, 8]. However,
the therapeutic index of piperaquine remains poorly
defined and dosage recommendations, including those
for Artekin

 

®

 

, have been devised empirically with little
understanding of the relationship between serum con-
centrations and toxicity.

The first Phase II evaluation of Artekin

 

®

 

 was carried
out recently in Cambodian patients with uncomplicated
falciparum malaria and showed excellent efficacy, with
100% and 92.3% 28-day cure rates in children and
adults, respectively [3]. However, one child died unex-
pectedly during the trial. Whilst the cause of death is
likely to have been an unrelated septic illness, a drug
reaction could not be excluded. The most serious
side-effect of quinoline antimalarial drugs is that of car-
diotoxicity, specifically prolongation of the electrocar-
diographic QT interval [9, 10] and postural blood
pressure changes [11, 12]. Since artemisinin drugs may
also prolong the QT interval [13, 14], there is the poten-
tial for synergistic cardiotoxicity in Artekin

 

®

 

-treated

patients. Hypoglycaemia is also a well-recognized com-
plication of falciparum malaria that may be potentiated
by quinoline drugs [15]. Although artemisinin deriva-
tives are unlikely to cause hypoglycaemia [16, 17], the
effect of piperaquine on glucose homoeostasis is
unknown.

In order to investigate further the potential toxicity of
Artekin

 

®

 

, we performed a clinical evaluation of Artekin

 

®

 

in Cambodian children and adults with either 

 

Plasmo-
dium falciparum

 

 or 

 

P. vivax

 

 infections with particular
emphasis on haemodynamic, electrocardiographic and
glycaemic monitoring.

 

Methods

 

Ethical approval

 

The study protocol was approved by the National Ethics
Committee for Health Research, Ministry of Health,
Cambodia and by the Human Rights Committee of the
University of Western Australia. Written informed con-
sent was obtained from all adult patients or from the
parents or guardians of the children. All hospital-related
costs were covered and, in addition, patients or parents/
guardians received compensation to cover loss of earn-
ings and other expenses incurred through participation
in the study.

 

Study site and recruitment procedures

 

The study was conducted in August and September of
2002 at the Cambodian Government health centre in
Snoul district, Kratie Province in eastern Cambodia.
The local population is predominantly ethnic Khmer.
Recruitment was by active or passive case detection, the
former during visits to villages when screening of those
with symptoms was performed and the latter through
patients being referred to, or seeking treatment at, the
health centre.

Giemsa-stained thick film blood smears were pre-
pared and examined by an experienced microscopist and
designated as negative after examination of >100 fields
at 

 

¥

 

1000 magnification. Speciation was determined by
thin film microscopy. Symptomatic patients in the age
groups 2–10 years and 

 

≥

 

16 years who had a positive
blood film (parasite density 1000–150 000 

 

m

 

l

 

-

 

1

 

 whole
blood) were eligible. In the children, only those with 

 

P.
falciparum

 

 infections were studied while adults with
either 

 

P. vivax

 

 or 

 

P. falciparum

 

 were enrolled. Exclusion
criteria included pregnancy, significant comorbidity,
regular medication use, receipt of recent antimalarial
treatment (specifically, quinine or an artemisinin drug
within the last 7 days, chloroquine within the last
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14 days, or sulfadoxine-pyrimethamine and mefloquine
within the last 28 days), or clinical manifestations of
severe or complicated malaria [18].

 

Clinical procedures

 

Patients were requested to remain in hospital for at least
4 days. After enrolment, each subject was weighed, a
full physical examination was performed and vital signs
(axillary temperature, heart rate, respiratory rate, lying
and standing systolic and diastolic blood pressures, and
conscious state) were recorded. In addition to a blood
smear, each patient had a venous blood sample taken for
white cell count, plasma glucose and haematocrit. A 12-
lead electrocardiogram (ECG) was recorded.

Artekin

 

®

 

 (Holleykin Pharmaceuticals Co. Ltd, Phnom
Penh, Cambodia) in the form of tablets (320 mg piper-
aquine phosphate plus 40 mg dihydroartemisinin) or
granules (120 mg piperaquine phosphate and 15 mg
dihydroartemisinin) was administered in accordance
with the manufacturer’s instructions in age-based doses
given by mouth at times 0, 6, 24 and 32 h. Children
under the age of 7 years were treated with granules (2–
3 years, 4 

 

¥

 

 1 sachets; 4–6 years, 4 

 

¥

 

 1.5 sachets).
Children aged 7–10 years and all adults (> 16 years)
received tablets (7–10 years, 1 

 

¥

 

 4 tablets; adults, 4 

 

¥

 

 2
tablets). Treatments were supervised and patients were
observed closely for at least 1 h after the first dose.
Those vomiting during this time were re-treated and
excluded from the present study.

Pulse and respiratory rates, axillary temperature and
conscious state were recorded 6-hourly over the first
72 h. Blood smears were taken 6-hourly until two con-
secutive slides were negative. Venous haematocrit and
white blood cell count were recorded daily for the first
3 days. Blood pressure was measured at baseline and
every 6 h for 72 h. After recording the supine blood
pressure, the measurement was repeated after the patient
had been standing erect for 1 min.

ECGs were performed with the patient resting in bed
at baseline (0 h), and 24 and 48 h after administration
of the first dose. These times were chosen so that (i)
serum piperaquine concentrations would be close to
maximal during the administration regimen employed
[19], and (ii) the effects of wakefulness and circadian
variation on ECG indices were minimized [20, 21].
Because of its relative accuracy and robustness [22],
manual measurement of the QT interval using a paper
speed of 25 mm s

 

-

 

1

 

 was performed. The QT interval was
measured from the beginning of the Q wave to the point
at which the terminal limb of the T wave returned to
baseline. When U waves were present, the QT interval
was measured to the nadir of the T and U waves. The

lead showing the longest interval in the baseline ECG
was used for this reading (usually I, II, aVL, V5 or V6)
and the same lead was used for subsequent measure-
ments in each patient. The corrected QT interval (QT

 

c

 

)
was derived by adjusting for heart rate according to
Bazett’s formula (QT

 

c

 

 = QT/

 

÷

 

RR, where the RR inter-
val is the time interval between the peaks of two con-
secutive QRS complexes [23]). The QT

 

c

 

 was considered
prolonged if it was >450 ms

 

0.5

 

 or if, during treatment, it
was >60 ms

 

0.5

 

 more than the baseline value [24, 25].
Capillary glucose measurements were performed

using a portable meter (Lifescan One Touch

 

®

 

; Johnson
and Johnson, Fremont, CA, USA). Measurements were
performed approximately 2 h after a breakfast meal on
a daily basis for the first 3 days after treatment had
started. Patients were also questioned about symptoms
of hypoglycaemia at other times and additional plasma
glucose determinations were performed if necessary.

Patients were discharged from hospital after 3 days of
observation provided they were asymptomatic and apar-
asitaemic. All patients were followed up on days 7, 14,
21 and 28 and were advised to return if they became
symptomatic at any other time. Each follow-up visit
included clinical assessment and documentation of any
new or persistent symptoms. Axillary temperature and
thick and thin blood films were also taken at these times.

 

Statistical analysis

 

Data were analysed using the computer package SPSS
for Windows (SPSS Inc., Chicago, IL, USA). Data are,
unless otherwise stated, presented as mean and [95%
confidence intervals (CI)]. Two-sample comparisons
were by means of Student’s 

 

t

 

-test. Repeated measures
analysis of variance was used to assess changes in mean
QT

 

c

 

, blood glucose, blood pressure, heart rate, venous
haematocrit and leucocyte count during the study. A
two-tailed level of significance of 

 

P

 

 < 0.05 was used in
all tests.

 

Results

 

Clinical course

 

A total of 62 patients (30 children and 32 adults) were
recruited. Of the adults, 22 had falciparum and 10 had
vivax malaria. The present subjects formed part of a
group of patients who participated in a pharmacokinetic
study of piperaquine [37]. Details of the present patients
are summarized in Table 1. All responded promptly to
Artekin

 

®

 

 treatment [parasite clearance time 19 (16–
21) h; fever clearance time 12 (11–14) h]. No recrudes-
cences were observed during the 28 days of follow-up.



 

H. Karunajeewa et al.

 

96

 

57

 

:1

 

Br J Clin Pharmacol

 

Figure 1

 

Mean blood pressure and heart rate during and after treatment. The mean 

supine blood pressure is on the left of each pair of vertical bars and the 

erect blood pressure on the right; the upper crossbar indicates systolic and 

 

the lower diastolic pressure. Mean heart rate is shown as open circles
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Haemodynamic measures

 

The mean heart rate fell progressively over time in chil-
dren and adults (

 

P

 

 < 0.001 by 

 

ANOVA

 

) in parallel with
changes in axillary temperature, especially during the
first 24 h of treatment (see Figure 1). The mean pretreat-
ment fall in systolic blood pressure on standing in the
sample as a whole was 8 mmHg and there was no dif-
ference in this measure between children and adults
(

 

P

 

 = 0.88). Subsequent measurements of the postural
fall in systolic blood pressure over 72 h showed no
significant change (

 

P

 

 = 0.48 by 

 

ANOVA

 

; see Figure
1). No clinically significant orthostatic hypotension
(> 20 mmHg difference between supine and erect sys-
tolic blood pressure) was observed in any patient during
the study.

 

Electrocardiographic measures

 

The children had longer QT

 

c

 

 intervals than the adults at
baseline (

 

P

 

 = 0.043; see Table 1). Compared with base-
line there was a statistically significant lengthening of
the mean QT

 

c

 

 at 24 h of 11 (4–18) ms

 

0.5

 

 (

 

P

 

 = 0.003) in
the sample as a whole and a nonsignificant lengthening
of 7 (

 

-

 

1.5–15) ms

 

0.5

 

 (95% CI 

 

-

 

1.5, 15, 

 

P

 

 = 0.105) at
48 h (see Figure 2). Similar time-related changes were
seen in adults and children (data not shown). In no
patient at any time after treatment was started was the
QT

 

c

 

 increased by >60 ms

 

0.5

 

. The maximal QT

 

c

 

 prolon-

gation observed (53 ms

 

0.5

 

) occurred in a female child at
24 h. One child had ECG evidence of frequent atrial
ectopics at 24 h post-treatment and one adult had ven-
tricular ectopics at the same time point, but no other
arrhythmias or additional ECG abnormalities were
observed.

 

Table 1

 

Baseline characteristics of the patients

 

Children Adults Total

 

Number of patients 30 32 62
Age (years) 7.5 

 

± 

 

2.5 30.0 

 

± 

 

11.2 19.1 

 

± 

 

14.0
Sex (% males) 53 47 50
Body weight (kg) 17.3 

 

± 4.5 46.4 ± 6.0 32.3 ± 15.6
Axillary temperature (∞C) 38.4 ± 0.6 38.2 ± 0.6 38.3 ± 0.6
Parasitaemia (ml-1) 12 800 (3100–33 342)* 7700 (1000–110 000) 10 400 (2400–75 600)
Pulse rate (min-1) 118 ± 19*** 89 ± 8 103 ± 20
Supine systolic/diastolic blood pressure (mmHg) 104 ± 6**/65 ± 5* 109 ± 7/68 ± 5 106 ± 7/66 ± 5
Standing systolic/diastolic blood pressure (mmHg) 97 ± 9*/57 ± 7* 101 ± 8/62 ± 9 99 ± 9/58 ± 8
QTc (ms0.5) 438 ± 25* 424 ± 25 431 ± 26
QTc >440 ms0.5 (%) 11 (37%) 8 (25%) 19 (31%)
Plasma glucose (mmol l-1) 5.8 ± 1.0 5.5 ± 1.0 5.7 ± 1.0
Venous haematocrit (%) 31.8 ± 5.2** 36.4 ± 4.8 34.2 ± 5.5
Total leucocyte count (¥ 106 l-1) 6 730 ± 1520* 5820 ± 1510 6 260 ± 1570

Data are presented as percentages, mean ± SD, or median and (interquartile range). *P < 0.05; **P < 0.01; ***P < 0.001 vs.
adults.
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Plasma glucose
The mean capillary plasma glucose concentration
decreased progressively from 5.7 mmol l-1 at baseline to
5.3 mmol l-1 at 72 h amongst the 62 subjects (P = 0.008;
see Figure 3). There were no age-related differences
in plasma glucose at baseline (see Table 1) or subse-
quently. No significant episodes of hypoglycaemia (sug-
gestive symptoms and/or plasma glucose concentration
<3.0 mmol l-1) were observed during regular clinical
assessments or at any other time during the study.

Haematological and other variables
The venous haematocrit remained unchanged through-
out the period of monitoring (34.2% at baseline vs. 34.6%
at 72 h; P > 0.1) and the average difference in haemat-
ocrit between children and adults of approximately
5% observed at baseline (see Table 1) persisted during
this  time.  The  mean  total  leucocyte  count fell from
6260 ¥ 106 l-1 to 5840 ¥ 106 l-1 over 72 h (P = 0.002).
There were no neurological complications present in any
patient during the 28-day follow-up period.

Discussion
The present study is the first to have examined the
effects of Artekin® on important cardiovascular and
metabolic variables during treatment of uncomplicated
malaria. Given that one of the components of Artekin®,
piperaquine, is chemically similar to quinoline drugs
such as quinine and chloroquine, we were particularly
interested in changes in postural blood pressure, the QT
interval and plasma glucose. There was no evidence that
recommended doses of Artekin® given over 32 h were
associated with clinically significant postural hypoten-
sion, QTc prolongation or propensity to hypoglycaemia.

Our data add to available evidence that Artekin® is a safe
and well-tolerated antimalarial drug combination.

Treatment with conventional quinoline drugs such as
quinine and chloroquine has been shown to exacerbate
the postural blood pressure changes resulting from acute
falciparum malaria [11, 12]. In addition to worsening
already unpleasant symptoms, this can predispose to
syncope and vomiting, with significant implications
for subsequent management. We found that, prior
to Artekin® therapy, mild postural hypotension was
present, with a mean fall in systolic blood pressure of
<10 mmHg on standing. This did not increase during
treatment or subsequently over a period of 3 days. Part
of the reason for the stability of blood pressure changes
in our patients may have been the prompt fever clearance
time (mean 12 h), a characteristic of therapy with arte-
misinin drugs [13]. Nevertheless, it is reassuring that a
regimen that included piperaquine did not produce a
single case of clinically significant postural hypotension.

We found minimal prolongation of the QTc interval
during and after Artekin® therapy. Furthermore, none of
our patients exhibited QTc prolongation of >60 ms0.5, a
recognized threshold for drug-induced arrhythmias in
other noncardiovascular contexts [24, 25]. Population
pharmacokinetic analysis of adult data [37] revealed
mean peak serum piperaquine concentrations at 12 h
(108 mg l-1), 29 h (95 mg l-1) and 36 h (124 mg l-1) dur-
ing the present dosing regimen. It is possible therefore
that more profound changes in QTc may have been
missed because the ECGs were taken at 24 and 48 h
(mean serum piperaquine 60 and 78 mg l-1, respec-
tively). However, these concentration data were avail-
able to us only after the study had been completed. It
should also be noted that the Bazett formula, and in

Figure 2
Mean ± SD QTc interval before treatment (0 h) and at 24 and 48 h
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Figure 3
Mean ± SD plasma glucose before treatment (0 h) and at 24 and 48 h
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particular the use of ÷RR in the denominator, may not
represent the best way of correcting for heart rate [26].
As a result, lengthening of the QTc may simply reflect
a decline in heart rate with recovery from malaria rather
than a specific drug effect [26]. Nevertheless, alternative
formulae do not necessarily improve on Bazett’s correc-
tion [27]. In addition, the mean QTc interval increased
and then declined over 48 h in our patients while heart
rate fell steadily, suggesting that the mild QTc prolon-
gation at 24 h was drug-related.

The QTc changes seen in our patients were equivalent
to those reported using similar methodologies in African
children with uncomplicated malaria treated with arte-
mether-lumefantrine, pyrimethamine-sulphadoxine or
chloroquine [28, 29] and in adult Thai patients treated
with artemether-lumefantrine or artesunate-mefloquine
[30]. Like other studies of uncomplicated malaria [29],
the present study showed that a proportion of patients
(30%) had mildly prolonged QTc intervals prior to drug
administration. It is therefore possible that subsequent
changes reflect the effect of malaria per se rather than
drug therapy [29, 30]. Mefloquine is another quinoline
antimalarial drug that has minimal effect on ventricular
repolarization [31]. However, it has been shown to
exhibit a potentially lethal interaction with the more
cardiotoxic drug halofantrine [32]. This suggests that
Artekin® should be used with care in patients recently
treated with halofantrine [32, 33].

Hypoglycaemia is not a feature of uncomplicated
malaria, but we were interested to see whether, like the
chemically related drugs chloroquine and mefloquine
[15], the piperaquine component of Artekin® might
influence glucose homoeostasis. Although not of a clin-
ically important magnitude, there was a small but statis-
tically significant and progressive fall in plasma glucose
during the 72 h following commencement of treatment.
Plasma glucose concentrations are elevated in acute fal-
ciparum malaria because of insulin resistance due to the
stress of the infection [34]. It is likely therefore that the
mean 0.4 mmol l-1 fall in plasma glucose in our patients
during the first 3 days was primarily a reflection of a
reduction in levels of stress hormones such as adrenaline
and cortisol rather than an effect of piperaquine. This
same phenomenon may also explain the parallel change
in peripheral blood white cell count.

We excluded pregnant women from the present study
for two reasons. First, no published human data exist
regarding the safety of piperaquine in pregnancy. Sec-
ond, embryonic death and impaired fetal growth and
development have been recorded in animals adminis-
tered artemisinin derivatives early in pregnancy [35].
The World Health Organization currently advises against

the use of artemisinin drugs in pregnant women, partic-
ularly during the first trimester, where viable alternatives
exist [35]. As Artekin® use increases, fetal exposure is
likely to occur as a result of unregulated private-sector
prescribing and self-medication, as well as inadvertent
exposure in women who do not know they are pregnant.
It is important that surveillance be instituted in the
manner used following the introduction of artesunate-
mefloquine combination therapy in Thailand [36].

The 0, 6, 24 and 32-h dosing employed in the present
study was that recommended by the manufacturer and
one which was presumably developed empirically.
Other longer-duration regimens (e.g. 0, 12, 24 and 36 h,
or 0, 12, 24 and 48 h) may represent more practical and
equally effective alternatives. Optimal dosing regimens
should be based on detailed pharmacokinetic and phar-
macodynamic data for both piperaquine and dihydroar-
temisinin. Nevertheless, the safety of the relatively short
32-h schedule used in our patients is reassuring.

Because of its efficacy and relatively low cost, the use
of Artekin® is likely to increase in future. The present
results provide reassurance of the cardiovascular and
metabolic safety of this combination antimalarial
therapy in healthy children and young adults with
uncomplicated malaria. Although piperaquine can be
considered a ‘forgotten’ drug that has been rediscov-
ered, it has not gone through the normal stages of drug
development required in Western countries. Because of
this, further continuing safety evaluation appears impor-
tant, especially the assessment of its electrocardio-
graphic interactions with other quinoline antimalarial
drugs and consideration of safety in pregnancy.

We thank the National Centre for Parasitology, Ento-
mology and Malaria Control, Phnom Penh and the
European Commission Cambodia Malaria Control
Project, Phnom Penh for invaluable support. We also
thank staff at the Snoul health centre in Cambodia for
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Foundation Bachelor of Medical Science Scholarship.
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