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Abstract. To study the distribution and localization of oil-soluble arteether in experimental mice,
we injected C*-labelled arteether (20 uCi/kg body weight) intramuscularly and measured ra-
dioactivity in the blood, kidney, and liver. The labelled arteether distributed and localized more
to the kidney (819,180.4 = 34,134 dpm/cm?) than the liver (288,628.9 = 54,954 dpm/cm?) 4
hours post-injection. The main localization of labelled arteether was in the kidney cortex rather
than the medulla (p < 0.05). However, the distribution of radioactivity was homogeneous in the
liver. The terminal half-life of labelled arteether in the blood was 1.8 hours. The blood : kidney :
liver ratio was 1 : 5 : 2. These findings show that labelled arteether was distributed quickly and
localized in the cytoplasmic cortex of the kidney and homogeneously in the liver.

INTRODUCTION

Artemisinin is a natural component of the
plant Artemisia annua, used in traditional Chi-
nese medicine for over 2,000 years to treat fe-
ver. Artemether and artesunate are its best-
known derivatives. A number of semi-synthetic
derivatives have been prepared in recent years,
eg, arteether, artelinate and dihydroartemisinin.
Artemisinin derivatives have been widely used
for multidrug-resistant falciparum malaria. In
clinical trials, and in general use, artemisinin
derivatives have been very well tolerated (Hien
and White, 1993; Price et al, 1999).

Arteether is an ethyl ether derivative of
artemisinin. Arteether and the closely related
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compound, artemether are oil-soluble deriva-
tives of dihydroartemisinin formulated for in-
tramuscular injection in sesame oil and
groundnut oil, respectively. Arteether can be
used in the treatment of acute falciparum
malaria (Pareek et al, 2006). It has a long elimi-
nation half life (> 20 hours), and is more stable
than the other artemisinin compounds (WHO,
2001). The toxic effects of arteether and
artemether in animals are similar. In rodents,
dogs, and monkeys, these oil-soluble drugs
at high doses have been associated with an
unusual pattern of selective damage to audi-
tory and vestibular areas of the brain stem
(Brewer et al, 1994a,b; Kamchonwongpaisan
et al, 1997; Petras et al, 1997; Nontprasert et
al, 1998; Nontprasert et al, 2000, 2002). Apart
from central nervous system toxicity, arteether
has been shown to exhibit toxicity in the liver,
kidney, bone marrow, heart, and reproductive
organs (Davidson, 1994). Although the phar-
macokinetics of arteether have been reported
(Li et al, 1998), there is no information on the
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distribution or excretion of arteether using a
radio-labelled drug. We therefore investigated
the distribution and localization of C**-labelled
arteether in experimental mice.

MATERIALS AND METHODS

Preparation of C'4-labelled arteether for injec-
tion

The C'*-labelled arteether was manufac-
tured by the Research Triangle Institute, USA.
The radio-labelled arteether (radioisotope ac-
tivity 0.992 mCi, specific activity 28.8 mCi/
mmol, M.W. of arteether 312.29) in solid form
was dissolved in 50 ul of 50% ethanol and kept
refrigerated for stock. The working solution for
labelled arteether was further diluted with
unlabelled arteether in sesame oil, to obtain a
specific activity of 2 uCi/mg arteether.

Animals

The experimental procedures were ap-
proved by the Ethics Committee for Research
in Animals, Faculty of Tropical Medicine,
Mabhidol University, Thailand. All animal experi-
ments were performed according to interna-
tional biomedical-research standards. Adult
male Swiss albino mice weighing 23 - 25 g,
obtained from the National Laboratory Animal
Center, Mahidol University, Bangkok, Thailand,
were used. The animals were allowed to ac-
climate to the new environment for 2 weeks
before entering the study. They were housed
one mouse per cage with access to food and
water ad libitum and were provided standard
care for laboratory animals.

Administration of radioisotope, blood sampling
and tissue preparation

Experimental mice were placed in a
mouse-handling box. Human exposure to ra-
diation was prevented by the use of a plastic
shield. The mice were injected intramuscularly
with a dose of 20 uCi/kg (10 mg/kg) of C*4-
labelled arteether (n = 5) or placebo (n = 2).
Blood samples were taken at time O (before
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injection), 5, 15", 30, 40, 50, 60, 70/, 80/,
90’, 120, 150/, 180/, 210, and 240" post-in-
jection by cutting and squeezing blood from
the tail vein. Ten microliters were taken for
each blood sample, to count whole-blood ra-
dioactivity. After 240 minutes, the animals were
anesthetized by injecting 4% sodium chloral
hydrate intraperitoneally. Perfusion and fixa-
tion was performed by infusing 0.96% sodium
chloride transcardially from the left ventricle
through the right atrium, followed by a fixative
solution (37% formalin in phosphate buffer).
The livers and kidneys were removed for mea-
surement of radioactivity. Tissue sections for
autoradiography were frozen by dipping into
a hexane-solid CO, mixture (-80°C) and em-
bedded in pre-freezing solution. The embed-
ded tissues were sagitally serial sectioned at
35 um thickness by a cryostat section ma-
chine (Leica). The tissue slices were placed
onto transparent plastic sheets and left to dry
at room temperature, or dipped in 95% etha-
nol then absolute ethanol. Three slices of tis-
sue were put into a 1.5 ml Eppendorf tube to
measure radioactivity.

Blood and tissue extraction for radioactivity
measurement

Ten microliters of whole blood were di-
gested in 100 wl of a mixture of Soluene-350
(Packard) and isopropanol (1 : 1) at room tem-
perature until the solution was clear. The blood
sample was bleached with 20 ul hydrogen
peroxide (30%) for 10-15 minutes and kept at
40°C for 10-15 minutes. BetaMax scintillation
fluid (Packard Instrument Co) was added to
the extracted samples and radioactivity was
measured with a Beta counter (LKB).

Tissues were prepared fresh, after re-
moval from the body, weighed, minced finely
with scissors, and blended with a mortar. Ex-
traction was performed with 1 ml Soluene-350
for every 100 mg of moist tissue. Digestion
was performed at 50°C for 4 hours. Scintilla-
tion fluid was added to the extracted tissue
before measuring radioactivity.
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Autoradiography of mouse liver and kidney
The tissue slices, on transparent plastic,
were put in close contact with a low energy
storage phosphor screen (Amersham Bio-
sciences) in a cassette for 12 days. The ra-
dioactive signal on the phosphor screen was
detected by a Typhoon laser scanned imager
(Amersham Biosciences) at 100 um resolution,
high sensitivity, using a red filter. Then, the
images were assessed quantitatively for sig-
nal density and the tissue area was measured
using the NIH ImageJ program. Parts of the
kidney and liver in the autoradiogram were
identified by comparison with a rat kidney and
liver atlas. Unneeded signals on the phosphor
screen was deleted by Image eraser
(Amersham Biosciences) for 15 minutes.

All radioactive waste, corpses and con-
taminated materials were sent to the Office of
Atomic Energy for Peace, Bangkok, Thailand
to dispose of any radioactive waste safely.
Radioisotope handling and disposal strictly
adhered to the guidelines for radiation safety.

Statistical analysis

Pharmacokinetic characterization was
performed by non-compartmental analysis as
implemented in WinNonlin version 4.1
(Pharsight Corporation, Mountain View, CA).
Non-compartmental analysis was performed
using the log-linear trapezoidal method. The
terminal elimination half-life, maximal radioac-
tivity concentration (C__ ), time to maximal
concentration (T __ ), and area under the curve
(AUC) was estimated by log-linear regression
of 5 observed animals. Radioactivity in the
extracted livers and kidneys was compared
and the intensities of the autoradiograms for
these tissues was also compared using the
Student’s t-test (SPSS, Chicago, IL).

RESULTS

The pharmacokinetics of a single dose of
intramuscular C'4-labelled arteether in rat
blood showed a long terminal half-life of 1.8
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Fig 1-Autoradiography of the sagittal section of
mouse liver and kidney after intramuscular
administration of C14-labelled arteether at
hour 4 of injection (20 uCi/kg body weight).
A) radioactivity signal of labelled arteether in
the kidney. B) radioactivity signal of labeled
arteether in the liver.

hours, T ax 36 minutes, Cax 0:184.8 dpm/ml,
AUC 559,215.9. The labelled arteether was
quickly absorbed and extensively distributed
to many organs. It persisted for a long time
and was eliminated from the body slowly.

Four hours after injection, labeled artee-
ther was distributed to the liver and kidneys,
as shown in Fig 1. Autoradiograms of tissue
exposure to labelled arteether indicated that
the density of the radioactive signal in the kid-
ney (8.2 x 105 = 3.41 x 10* dpm/cm?®) was
significantly higher than the liver (2.88 x 10° =
5.49 x 10* dpm/cm3). There were no signifi-
cant differences in total radioactivity count per
cm?in serial sections of liver and kidney tis-
sues. The ratio of labelled arteether distribu-
tion in the blood : kidney : liverwas 1 : 5: 2.
Higher kidney radioactivity was noted in the
cytoplasmic cortex than the medulla (p =
0.001). The radioactivity signal was homoge-
neous in the liver. When compared with fresh
tissue preparation, labelled arteether was dis-
tributed to the kidneys (1.24 x108 = 5.02 x
10° dpm/g wet wt) and liver (3.45 x 10° = 2.33
x 10° dpm/g wet wt), at 3% and 0.1% of the
injecting dose, respectively.
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DISCUSSION

The liver and kidneys are the major or-
gans protecting the intrusion of xenobiotics,
either by preventing their absorption or by
detoxifying and eliminating them from the
body. Drug transport in the liver and kidneys
is similar, with movement across epithelial cells
by simple diffusion or by specific transport
processes. In this study, C'*-labelled arteether
was extensively distributed to the liver and kid-
neys. The labelled arteether was quickly ab-
sorbed and persisted for a long time before
being slowly eliminated from the mice. A higher
level of labelled arteether was found in the
tenal cortex than the medulla of the kidney but
homogeneous distribution was found in the
liver 4 hours after injection. These findings of
absorption, distribution, and elimination of la-
belled arteether are comparable to previous
reports in experimental animals.

Early Chinese studies on pharmacokinet-
ics and drug distribution in organs showed
that H3-labelled ginghaosu was absorbed
and excreted rapidly when given orally or sub-
cutaneously to mice (Qinghaosu-antimalaria
Coordinating Research Group, 1979). Radio-
activity in the blood and organs peaked in 1
hour, and dropped rapidly thereafter. The half-
life of the drug was 4 hours. Approximately
80% of total radioactivity was excreted via
urine and stool within 24 hours post-adminis-
tration. The distribution of oral artemisinin
showed that the highest level of drug was
found in the liver, followed by the brain,
plasma, and lungs, but lower levels in the kid-
neys, muscle, heart, and spleen. The radio-
activity content of mice tissues after intramus-
cular administration of H3-labelled artemether
decreased considerably within 24 hours; the
liver was the most exposed organ, but radio-
activity in the brain was very low (China Co-
operative Research Group, 1982).

The drug with the greatest percentage of
conversion for oral, intramuscular and intrave-
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nous routes in rats was artesunate, followed
by arteether, artemether, and artelinate (Li et
al, 1998). Differences between the metabolism
and tissue distribution of the lipid- and water-
soluble analogs may provide a possible expla-
nation for this observation. Artesunate is hy-
drolyzed by ubiquitous plasma esterase, rather
than by hepatic enzymes, and is rapidly con-
verted into metabolized dihydroartemisinin. The
conversion of artemether and arteether to
dihydroartemisinin is limited by their distribu-
tion into peripheral tissues because of their lipid
solubility (Li et al, 1998). Therefore, the radio-
activity of labeled arteether detected in this
study was more likely to be the parent drug.
C!*-labelled artesunate in rats was widely dis-
tributed, mostly to the intestinal tract, brain,
kidneys, and liver within the first hour post-in-
travenous administration, and rapidly declined
after 24 hours (Zhao and Song, 1989; Li et al,
2006). In rats, the excretion and distribution of
intravenous C'“-labelled artemether into the
bile, liver, kidney, and intestinal tract, was rapid
during the first hour after injection. Small
amounts of the drug were found in the brain,
heart, lungs, and spleen. After 5 hours, plasma
samples were devoid of quantifiable radioac-
tivity (Maggs et al, 2000).

Toxicity studies showed that intramuscu-
lar artemether (100 mg/kg for 28 days) caused
neuropathological damage in mice (Nontprasert
et al, 2002). High-dose artemether (400 mg/
kg) administered orally to rats once every 2
weeks resulted in transient focal degeneration
of the liver (Xiao et al, 2002). Due to its lipid
solubility and low molecular mass (288), the
labeled arteether can penetrate into the cere-
brospinal fluid and accumulate in the lipid-rich
brain (Kearney and Aweeka, 1999), liver, and
kidneys. A long elimination half-life may exac-
erbate organ toxicity in mice.
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