Eur J Clin Pharmacol (2008) 64:993-998
DOI 10.1007/s00228-008-0506-6

PHARMACOKINETICS AND DISPOSITION

Absence of time-dependent artesunate pharmacokinetics
in healthy subjects during 5-day oral administration

L. T. Diem Thuy - L. Ngoc Hung - P. T. Danh -
K. Na-Bangchang

Received: 8 March 2008 / Accepted: 7 May 2008 /Published online: 4 July 2008

© Springer-Verlag 2008

Abstract

Aim The aim of the present study was to investigate the
existence of time-dependent pharmacokinetics of artesunate
(ARS) during 5 consecutive days of oral administration to
10 healthy Vietnamese subjects (aged 21-52 years and
weighing 49-90 kg).

Methods Each volunteer received 200 mg oral doses of ARS
once daily for 5 consecutive days. Blood samples (3 ml each)
were collected on days 1 and 5 at 0 (before dosing), 0.5, 1, 2, 3,
4, and 6 h after drug administration. During days 2, 3, and 4, the
same volumes of blood were collected at 0, 1, 2, and 4 h after
dosing. Plasma ARS and dihydroartemisinin (DHA) were
measured using high-performance liquid chromatography—
mass spectrometry (LC-MS).

Results Results did not show evidence of time-dependency
for ARS or the active plasma metabolite DHA. There were
no differences in the concentrations of ARS and DHA at all
sampling times on days 1 and 5. In addition, the
pharmacokinetics of both compounds were similar on days
1 and 5. This finding confirms that the enzyme auto-
induction in drug metabolism may not be characteristic of
the endoperoxide sesquiterpene antimalarial group.
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Introduction

Artemisinin (ARN) is an endoperoxide sesquiterpene
lactone antimalarial found in the wormwood Artemisia
annua. Artesunate (ARS) and dihydroartemisinin (DHA)
are ARN derivatives that possess more potent blood
schizontocidal activity than their parent compound [1]. In
addition, DHA is the active plasma metabolite of ARS. The
pharmacokinetics of ARN and its derivatives have been
investigated in several studies. Time-dependent pharmaco-
kinetics of ARN has been reported in healthy volunteers [2,
3] and in malaria patients [4, 5, 6]. Auto-induction of ARN
metabolism is thought to be the main cause of decreased
drug bioavailability during treatment. A decline in plasma
DHA concentrations during the 5-day treatment with oral
ARS in patients with falciparum malaria has been reported
[7]. Presumably an oral dose of ARS is mainly chemically
hydrolyzed to DHA in the gut lumen and enzymatic
metabolism only plays a minor role at most, and the
16.9% increased production rate of CYP2B6 by ARS can
be explained by the inductive capacity of DHA [8].
Significantly lower AUC and increased CL/f were observed
in patients with malaria during the convalescence phase
following the administration of a 4-day oral dosing of DHA
[9]. Specific metabolic pathways of these ARN derivatives
have been forwarded as a hypothesis to explain these
observations. The aim of the present study was to
investigate the time-dependency of the pharmacokinetics
of ARS when given orally for 5 consecutive days to healthy
Vietnamese subjects.

@ Springer



994

Eur J Clin Pharmacol (2008) 64:993-998

Materials and methods
Subjects

Ten healthy male Vietnamese subjects aged 21-52 years and
weighing 49-90 kg were recruited into the study. Sample
size calculation was performed based on the data showing an
increase in production rate of CYP2B6 by approximately
20% by ARS and DHA [8], and intra-individual variability
of pharmacokinetic parameters (AUC and t;,,) of DHA,
which is the major active plasma metabolite of ARS [12]. A
total of at least 10 subjects was therefore sufficient to detect a
difference of 20% in AUCy., with 90% power and
coefficient of variation (CV) in pharmacokinetic parameters
of 20% at a confidence level of 5%.

Biochemistry and hematology test results in all subjects
were within the normal ranges. Subjects excluded from the
study were those who were receiving medication or those
who had a history of drug or alcohol abuse. Written informed
consent was obtained from each subject prior to the study.
The study protocol was approved by the ethics committee of
Cho Ray Hospital, Ho Chi Minh City, Vietnam.

Study procedures

The study was conducted at the Cho Ray Hospital in Ho
Chi Minh City, Vietnam, from December 2006 to June
2007. ARS tablets (50 mg) were obtained from Mekophar
Chemical Pharmaceutical, Ho Chi Minh City, Vietnam
(batch 07001FN). Each volunteer received 200-mg oral
doses of ARS once daily for 5 consecutive days. Blood
samples (3 ml each) were collected into sodium heparinized
tubes on days 1 and 5 at 0 (before dosing), 0.5, 1, 2, 3, 4,
and 6 h after each dosing. During days 2, 3, and 4, the same
volumes of blood samples were collected at 0, 1, 2, and
4 h after each dosing. Plasma was separated immediately by
centrifugation at 3,000 g for 15 min and stored at —70°C
until analysis.

All patients were physically examined and adverse
reactions during the study were recorded with the date and
time at which they occurred and disappeared. These included
gastrointestinal, central nervous, cardiovascular, dermatolog-
ical effects, as well as other changes possibly attributable to
the study drug. Adverse effects were assessed on the basis of
non-suggestive questioning by the study investigators.
Routine blood investigations (hematology and biochemistry)
and urinalysis were performed prior to and at the end (2 days
after last drug administration) of the study.

Drug assay

Standard powders of DHA and ARN (an internal standard)
were gifts from the Central Pharmaceutical Factory N. 1,
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Ha Noi, Vietnam (99.8% purity). ARS standard powder
was obtained from the intravenous ARS formulation (60 mg
per vial; 99.5% purity), a marketing product of the Central
Pharmaceutical Factory N. 1. High-performance liquid
chromatography—grade methanol, acetonitrile, dichlorome-
thane, and fert-methyl butyl ether were purchased from
Merck. Glacial acetic acid was obtained from Quangzhou
Chemical Factory, China. Deionized filtered water was from
the Biochemistry Department at Cho Ray Hospital. Plasma
from healthy volunteers used for calibration curves was
provided from the blood bank of the Hematology Depart-
ment, Cho Ray Hospital.

ARS, DHA, and ARN measurements were assessed
using high-performance liquid chromatography—mass spec-
trometry (LC-MS) according to the method of Diem Thuy
et al. [10]. Briefly, samples were prepared using liquid-
liquid extraction with a mixture of dichloromethane:
tert-methyl butyl ether (8:2, v/v) and 1 ml plasma.
Chromatographic separations were performed using an
Elipse XDB-C18 column (4.6x150 mm, 5 pm, Agilent
Technologies, USA). The mobile phase consisted of a
mixture of acetonitrile and 0.003 M glacial acetic acid
(62:38, v/v). The mass spectrometer (Agilent 1000 Series
Liquid Chromatography/Mass Spectrometer Detector Trap
System, Agilent Technologies, USA) was operated using
electrospray ionization in the positive ion mode. The
fragment ions of ARS and DHA exhibited an m/z of 261,
and the sum of both parent and daughter ion masses was
used in drug quantification. Calibration curves were
prepared by spiking 1 ml of blank plasma with various
quantities of ARS or DHA (10, 20, 50, 100, 200, 400, 800,
1,600, and 3,200 ng) and a fixed amount of internal
standard (ARN: 100 ng).

Table 1 Baseline characteristics of 10 Vietnamese healthy male
volunteers

Characteristics Results
Age (years) 25 (21-52)
Weight (kg) 57 (49-90)

Height (cm)
Body mass index

166.5 (158-175)
20.3 (18.3-36.1)

Glucose (mg/dl) 81 (68-104)
Creatinine (mg/dl) 1.1 (0.9-1.1)
BUN (mg/dl) 12 (8-19)

AST (U/) 28.5 (17-41)
ALT (U/l) 23.5 (10-43)
Total bilirubin (mg/dl) 0.7 (0.4-1.4)
Total protein (g/dl) 7.1 (6.7-7.7)
Red blood cells (10%/pul) 5.0 (4.7-5.7)
White blood cells (10*/ul) 7.4 (4.2-9.7)

Platelet (10°/ul) 269 (199-463)

Data presented as median (range)
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Table 2 ARS and DHA concentrations on days 1 and 5 following the administration of 200-mg oral doses of ARS once daily for 5 consecutive

days
Subject no. ARS DHA

Day 1 Day 5 Day 1 Day 5

05h 1h 2h 3h 05h 1h 2h 3h 05h 1h 2h 3h 4h 6h 05h 1h 2h 3h 4h 6h
1 67 27 7 2 78 23 6 2 367 492 685 193 93 19 169 349 755 404 94 20
2 150 66 14 2 140 54 14 3 1,198 1,464 502 145 61 10 1,173 1,413 703 267 74 8
3 44 31 5 2 47 24 4 0 81 179 567 159 45 5 70 197 521 123 23
4 31 67 13 2 42 60 10 2 108 361 206 103 50 11 227 350 195 111 53 4
5 13 72 21 4 8 68 25 5 150 653 301 169 79 18 330 627 432 234 96 23
6 85 31 5 0 66 27 8 1 91 120 435 149 46 8 70 128 495 89 24 2
7 14 30 3 0 6 34 7 1 53 148 419 266 135 36 48 170 507 339 96 15
8 77 30 9 2 56 23 9 2 105 284 719 471 185 33 92 271 638 376 138 29
9 12 4 11 2 18 41 10 3 105 490 231 81 33 2 103 667 317 87 27 4
10 17 41 9 1 12 50 11 2 231 407 619 314 72 5 288 415 711 329 79 5
Median 38 36 9 2 45 38 10 2 107 384 469 164 67 10 136 350 514 251 77 7
Min 12 27 3 0 6 23 4 0 53 120 206 81 33 2 48 128 195 87 23 2
Max 150 72 21 4 140 68 25 5 1,198 1,464 719 471 185 36 1,173 1,413 755 404 138 29

There were no significant differences between day 1 and day 5 (Wilcoxon signed-rank test, P>0.05)

Quality control (QC) samples for ARS and DHA were
made up in plasma using a stock solution separate from that
used to prepare the calibration curve, at concentrations of
50, 800, and 3,200 ng/ml plasma (two samples at each
concentration). Samples were aliquoted into cryovials, and
stored frozen at —20 °C for use with each analytical run.
The results of the QC samples provided the basis for
accepting or rejecting the run. At least four of the six QC
samples had to be within +20% of their respective nominal
value. Two of the six QC samples could be outside +20%
of their respective nominal value, but not at the same
concentration. Concentrations of ARS and DHA were
determined from regression lines of peak height ratios of
ARS and DHA to ARN by using unweighted least-squares
regression. The limits of quantification (LOQ) for ARS and
DHA were 2 and 10 ng/ml, respectively. The intra-day
variations in precision for both ARS and DHA were below
15%.

Pharmacokinetic analysis

Pharmacokinetic parameters were determined by noncom-
partmental analysis using ADAPT II, release 4.0 [11]. The
maximum concentration (C.) and the time to reach
maximum concentration (t,,,x) were obtained visually from
the plasma concentration-time data. The terminal elimina-
tion rate constant (A,) was estimated by log-linear regres-
sion of at least three final plasma concentration-time data
points. The elimination half-life (t;,,) was calculated using
the ratio 0.693/A,. The area under the curve from zero time
to the last observed time (AUC,,) was calculated using the

linear trapezoidal rule for ascending data points and the log
trapezoidal rule for descending data points. The area under
the curve extrapolated from the last data point to infinity
was estimated by dividing the concentration at the last time
point by the elimination rate constant (AUC.yua=Cj/A,).
The area under the curve from time zero to infinity (AUC,,)
was the sum of AUC,,i and AUC ,.

Statistical analysis

All quantitative data are presented as median (range)
values, with the exception of the pooled concentration data

80 - -

60

40

20

Plasma ARS concentration (ng/ml)

Time (h)
Fig. 1 Plasma concentration-time profile of ARS in healthy volun-
teers following the administration of 200-mg oral doses of ARS once
daily for 5 consecutive days. Plot data for day 1 (circles) and day 5
(squares) are presented as medians with 25th to 75th percentiles
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Fig. 2 Plasma concentration-time profile of DHA in healthy

volunteers following the administration of 200-mg oral doses of

ARS once daily for 5 consecutive days. Plot data for day 1 (circles)

and day 5 (squares) are presented as medians with 25th to 75th

percentiles

of ARS and DHA on day | and day 5, which are presented
as mean + SD values. Comparisons between paired
quantitative data were made using the Wilcoxon signed-
rank test. Differences were considered significant at o=
0.05 for all tests.

Results

A summary of the baseline characteristics of the 10
Vietnamese healthy male volunteers is presented in Table 1.

ARS pharmacokinetics

Table 2 shows the plasma concentrations of ARS and DHA
following the administration of 200-mg oral doses of ARS
once daily for 5 consecutive days. There were no
statistically significant differences in the median ARS
concentrations at sampling times of 1 and 2 h after drug
administration over 5 days (Fig. 1). There were no
significant differences in the ARS pharmacokinetic param-

eters between days 1 and 5 (Table 2). The t;,,, of ARS was
0.57£0.16 h (mean + SD, n=20). The t,,, of ARS varied
between 0.5 and 1 h. The mean C,,, derived from the
pooled data of days 1 and 5 was 65+31 (n=20) with a CV
of 31.2%. Median C,,,, values of ARS over 5 consecutive
days varied between 34.7 and 97.1 ng/ml.

DHA pharmacokinetics

Table 2 presents plasma concentrations of the active
metabolite DHA following administration of 200-mg oral
doses of ARS once daily for 5 consecutive days. Median
Chax values of DHA over 5 consecutive days were in the
range of 361-947 ng/ml. The inter-individual variation was
high, with CV values varying from 34.3 to 131% for 0.5-6
h following drug administration. The highest CV values,
ranging from 80 to 131%, were observed at sampling times
of 0.5 and 1 h (Fig. 2).

The pharmacokinetic parameters of DHA on days | and 5
were statistically similar (Table 3). Pooled data for days 1 and
5 were used for the calculation of C,,,, and t;, (n=20). The
Cax of DHA was 6544+293 (mean + SD) with a CV value
reaching 44.8%. The t,,, of DHA was 0.87+0.24 h (mean +
SD). The t,,.x of DHA varied from 1 to 2 h.

Discussion

Results from the present study showed that there were no
differences in concentrations of either the parent drug ARS
or its active plasma metabolite DHA over 5 days in healthy
volunteers receiving 200-mg oral doses of ARS once daily
for 5 consecutive days. All pharmacokinetic parameters,
i.e., tmaxs Cmax» t1/220 AUCps, and AUC, ., were similar
between days 1 and 5. These findings suggest that the
reduction in DHA concentrations on day 5 of a 5-day oral
DHA monotherapy regimen observed in patients with
uncomplicated falciparum malaria may not be due to auto-
induction of DHA metabolism, but instead attributable to
the restoration of drug-metabolizing enzymes during the

Table 3 ARS and DHA pharmacokinetics following the administration of 200-mg oral doses of ARS once daily over 5 consecutive days

Pharmacokinetic parameters ARS DHA

Day 1 Day 5 Day 1 Day 5
tmax (h) 0.8 (0.5-1.0) 0.8 (0.5-1.0) 2 (1-2) 2 (1-2)
Chax (ng/ml) 67 (30-150) 58 (34-140) 593 (361-1464) 632 (350-1.0)
ty2 . (h) 0.43 (0.41-0.62) 0.50 (0.42-0.53) 0.81 (0.57-1.10) 0.72 (0.57-1.01)
AUCq 3 1, (ng-h/ml) 65 (31-140) 59 (36-126) 1,116 (720-2446) 1,273 (753-2735)
AUCq o (ng-h/ml) 67 (34-141) 60 (37-128) 1,158 (734-2457) 1,300 (755-2743)

Data presented as median (range). There were no significant differences between days 1 and 5 (Wilcoxon signed-rank test, P>0.05)
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convalescent phase of malaria infection [9]. This seems to
uphold the theory that not all endoperoxide antimalarials
are inducers of their own metabolism.

An observation of a decline in plasma DHA concen-
trations reported during the 5-day treatment with oral ARS
in patients with malaria may be partly explained by the low
sensitivity of the assay method used for drug analysis (LOQ
50 ng/ml) [7]. The increase in hepatic enzyme activities and
hepatic blood flow as a consequence of the disease
recovery [13, 14] could lead to the reduction in C,, and
AUC of ARS or DHA during the second half of the 5-day
treatment period.

Nevertheless, there were limitations in the design of the
present study. Five days may be a relatively short time
interval to make a good in vivo test for possible enzyme
induction. Although the sample size of 10 subjects was
calculated based on rational grounds, an absence of an
influence of enzyme induction on pharmacokinetics of ARS
and DHA cannot be definitely concluded. The estimation of
the terminal elimination rate constant was based only on
three data points, and therefore an inaccurate estimation of
A, could have a major influence on both AUC (and
clearance)—parameters that are crucial for any conclusion
about induction. The calculation of volume of distribution
and total clearance was not possible without convincing
data of a more or less complete conversion of ARS to
DHA.

The observation that DHA and ARS failed to exhibit
time-dependent pharmacokinetic characteristics is concor-
dant with the hypothesis that the metabolic pathway of
DHA may differ from ARN. In a study on 17 Vietnamese
falciparum malaria patients treated with intravenous ARS
[15], the active plasma metabolite DHA was found to be
converted to «-DHA-B-glucuronide (x-DHA-G), which
was excreted in urine. Human liver microsomes incubated
with [12->H]DHA and cofactors for either glucuronidation
or cytochrome P450-catalyzed oxidation in vitro revealed
that DHA was metabolized mainly via glucuronidation. The
formation of x-DHA-G is catalyzed by UDP-glucuronosyl-
transferases (UGT) including UGT1A9 and UGT2B7 [15].
It should be realized that it cannot be excluded that UGT is
an inducible enzyme [15]. In contrast, the in vitro
metabolism of ARN has been shown to be cytochrome
P450-dependent via a specific isoform, CYP2B6, and
CYP2C19 is inducible by ARN [16, 17].

The conversion of ARS to DHA is most likely due to
enzymatic (non-CYP450) ester hydrolysis and pH-dependent
chemical hydrolysis [18]. However, the metabolism of
another ARN derivative, arteether (ARE), to DHA by human
liver microsomes has been shown to be mediated by
CYP2B6, CYP3A4, and CYP3AS5. CYP3A4 catalyzed the
transformation of ARE to DHA at rates that were ten- and
fivefold those found for CYP2B6 and CYP3AS5, respectively

[19]. In human liver, the amounts of CYP2B6 and CYP3AS5
are approximately 0.7 and 20% of the amount of CYP3A4,
respectively [20]. Therefore, CYP3A4 is the primary enzyme
involved in the formation of DHA from ARE.

The susceptibility of P. falciparum parasites to antima-
larial drugs tends to decrease over time. There have not
been any reports of clinical resistance to ARN and its
derivatives thus far. Resistance to these antimalarials,
however, is highly likely to develop if they are used
extensively as monotherapy regimens for malaria treatment.
Due to the absence of pharmacokinetic time-dependency
for both ARS and DHA, together with the assumption that
the physiological status in the convalescent phase (5-7 days
after treatment) in malaria patients is similar to that in
healthy volunteers, the steady-state concentrations of ARS
and DHA during the recovery phase of the disease may be
used to monitor parasite sensitivity to these drugs in areas
affected by malaria. The early detection of the development
of drug resistance can therefore permit more careful dosage
regimen management in treating falciparum malaria. Finally,
the absence of time-dependent pharmacokinetics for ARS
and DHA supports the clinical use of ARS or DHA in
artemisinin-based combination therapies (ACTs) [21].
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