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CLINICAL AND PHARMACOLOGICAL'STUDIES ON 
ARTEMETHER IN THE TREATMENT OF MALARIA 









Stellingen behorende bij het proefschrift van 
M.A. van Agtmael 

1. Artemisinine derivaten zullen een steeds 
belangrijker rol gaan spelen in de 
behandeling van malaria, (dit proefschrift) 

2. De hoge sterfte door malaria wordt vooral 
veroorzaakt doordat een kind met koorts in 
Afrika te laat de goede medicijnen krijgt, 
(dit proefschrift) 

3. De krachtige werkzaamheid van artemether 
verlaagt de effectiviteit van de behandeling, 
(dit proefschrift) 

4 Door inname van artemether tabletten met 
een glas grapefmitsap zijn de concentraties 
in het bloed 2-3 keer zo hoog. (dit 
proefschrift) 

5. Bij een behandeling met artemether tabletten 
zijn de geneesmiddelconcentraties in het 
bloed na de laatste dosis veel lager dan na de 
eerste (zelfde) dosis. Dit is het gevolg van 
autoinductie, (dit proefschrift) 

6. Het concentratiebeloop van artemether in het 
bloed weerspiegelt zich in de urine (dit 
proefschrift) 

Propositions to the thesis of 
M.A van Agtmael 

1. Artemisinin derivatives will play an 
increasing role in the treatment of malaria, 
(this thesis) 

2. The high mortality by malaria is mainly 
caused by a child with fever in Africa that is 
treated too late with the right medicine, (this 
thesis) 

3. The high efficacy of artemether reduces its 
effectiveness, (this thesis) 

4. By intake of artemether tablets with 
grapefruit juice, the concentrations in the 
blood are 2 to 3 times increased, (this thesis) 

5. During a treatment with artemether tablets 
the drug concentrations in the blood after the 
last dose are much lower then after the first 
(similar) dose. This is caused by 
autoinduction, (this thesis) 

6. The concentration-time course of artemether 
in blood is reflected in urine (this thesis) 



7 De combinatietablet artemether/lumefantrine 
is een effectieve behandeling voor malaria 
zonder belangrijke bijwerkingen als het 
gedurende drie dagen twee maal daags en 
liefst met voedsel wordt ingenomen. 

8. Wie geneest heeft gelijk. (Plato) 
9. De recente Legionella epidemie 

onderschrijft veel meer de noodzaak tot 
onderzoek naar gastheer factoren voor het 
oplopen van infectieziekten dan het kweken 
van waterreservoirs. 

10. "Evidence based medicine" is subjectief. 
11. Een betere naam voor een VIP die is 

opgenomen in het ziekenhuis is FIP: 
Frequent Iatrogenic Pathology. 

12. Het groeiende geweld bij een groeiende 
economie betekent toch dat we iets verkeerd 
doen. 

13. Tennis is als schaken; je moet meer denken 
danslaan. 

14. Zoals flexwerken het mobiliteitsprobleem in 
dit te volle land kan oplossen zal flexdenken 
veel conflicten kunnen oplossen. 

7. The combinationtablet artemether/ 
lumefantrine is an effective treatment for 
malaria without important side effects if it is 
taken twice a day during three days 
preferably with food. 

8. The one who cures is right. (Plato) 
9. The recent Legionella outbreak in Holland 

endorses the need for research of 
susceptibility factors in the host more then 
culturing water reservoirs. 

10. Evidence based medicine is subjective. 
11. A better name for a VIP admitted in a 

hospital is FIP: Frequent Iatrogenic 
Pathology. 

12. The growing violence with a growing 
economy means that we are doing 
something wrong. 

13. Tennis is like chess; you have to think more 
then strike. 

14. Like 'flexworking' could solve the mobility 
problem is this too crowded country, 
'flexthinking' could solve many conflicts. 



15. Het electronisch dossier en recept zal het 
aantal medische fouten reduceren mits de 
dokter niet te veel aandacht voor het 
beeldscherm heeft en te weinig voor de 
patiënt. 

16. Het zal mogelijk worden om de duur van 
een antibioticum kuur beter te bepalen dan 
door empirie. 

17. Probiotica zullen naast antibiotica een 
groeiende rol krijgen in de preventie en 
behandeling van infectieziekten. 

18. Globalisering zal leiden tot een 
wetenschappelijke revolutie; interactieve 
communicatie tussen onderzoeksgroepen en 
analyse van grote universele databestanden 
zullen centraal komen te staan in 
wetenschappelijk onderzoek. 

15. The electronic dossier and prescription will 
reduce the number of medical errors when 
the doctor does not focus too much on the 
screen and too little on the patient. 

16. It will be possible to define the dose and 
duration of an antibiotic regimen better then 
through empiric knowledge. 

17. Besides antibiotics the role of probiotics will 
grow in the prevention and treatment of 
infectious diseases. 

18. Globalisation will lead to a scientific 
revolution: interactive communication 
between international research groups and 
analysis of large universal databases will 
dominate in scientific research. 
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Een tijd om te planten en een tijd om te oogsten, 

een tijd om te doden en een tijd om te genezen 

Prediker, III, 1-8 

(uit: 'Artemisia, een vrouw' Rauda Jamis) 



4. The development of an immunoassay for the detection of artemisinin compounds in 
urine 
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Outline of this thesis 

15 

Traditional Chinese Medicine 
differs from Western Medicine not only in 
its interpretation of health and disease but 
also in the ways to diagnose and treat 
disease. The Western scientific world is 
unaware of most developments in 
traditional Chinese medicine because their 
study results are almost exclusively 
published in Chinese literature. Despite 
these differences, there is increasing 
interest in traditional medicines, especially 
those drugs who have shown therapeutic 
effect confirmed by clinical studies, for 
example in stroke therapy or in malaria 
therapy. 

Artemether is a derivative of 
artemisinin or 'qinghaosu' which means 
derived from the herb qinghao or 
Artemisia annua, used in traditional 
Chinese Medicine for thousands of years 
for fevers and chills. In 1972 Chinese 
researchers isolated this compound from 
the leaves and flowers of this plant and 
when they found that it was very active 

After a review on artemisinin drugs in 
chapter 2, we validate a sophisticated 
technique (High Performance Liquid 
Chromatography Assay with Electro
chemical Detection) developed in our 
laboratory to measure artemisinin 
derivatives and one major metabolite in 
plasma in chapter 3. It enables us to use 
quantitative determinations of artemisinin 
derivatives in plasma for pharmacokinetic 
studies. The results from these studies will 
provide insight into how the human body 
absorps, distributes, metabolizes and 
eliminates these new compounds. These 
data are neccessary to design the optimal 
dosing regimen with the highest efficacy, 
lowest toxicity and without recrudescence 
or reoccurrence of malaria after the 
treatment. 

In chapter 4 we evaluate a 
different, more easy to handle, technique 
(Enzyme Linked Immuno Sorbent Assay), 
developed in our laboratory as well, to 
detect these compounds in urine after drug 
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against malaria parasites, the Western 
world became interested. Since then many 
clinical studies were done and now, more 
then 25 years later, a derivative of this 
Chinese medicine has recently been 
registered in Europe for the treatment of 
malaria. Increasing problems of resistance 
and side-effects of the existing 
antimalarial drugs make this new 
treatment more then welcome, having no 
documented resistance until now and little 
side effects. 

Many years with many empirical 
clinical studies have passed without the 
knowledge of what dose and duration of 
treatment with these artemisinin drugs 
were necessary to cure the patient with 
malaria. In this thesis we will discuss 
several studies with oral artemether to gain 
insight in what the human body does with 
this new drug, how it is metabolized in 
healthy subjects and in malaria patients, 
the ways to detect it in blood and urine, to 
analyze certain interactions with other 
compounds and to investigate the efficacy 
in travellers with malaria. 

intake. In a further development towards a 
urine dipstick device this easy method 
could be applied in drug-compliance and 
drug-utilization studies. Because most of 
the artemisinin drugs are unfortunately 
available as 'over-the-counter'-drugs in 
many malaria endemic areas, this urine 
test could evaluate use (and misuse) of 
these drugs, e.g. before inclusion into a 
study. 

Because artemisinin is hardly 
soluble in water or oil, derivatives were 
developed for intramuscular, rectal and 
intravenous administration and for better 
oral absorption. In chapter 5 we discuss 
differences between these derivatives in 
their behavior in the human body as well 
as their activity against malaria parasites. 

Drug levels of artemether and the 
active metabolite dihydroartemisinin were 
monitored in Chinese malaria patients to 
get detailed information on the 
pharmacokinetics of this new drug. In a 
study, described in chapter 6, we evaluate 
the effect of multiple dosing on the 
pharmacokinetics, look at a possible 
influence of the Chinese ethnicity and 
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investigate if malaria as febrile disease 
state alters the pharmacokinetic behavior 
of artemether. 

We present the results of a 
randomized clinical trial in chapter 7. In a 
multi-center trial, carried out in the 
Academic Medical Center in Amsterdam 
and in 7 French hospitals, the efficacy and 
safety is evaluated of an oral combination 
tablet containing artemether and 
lumefantrine. This new drug was 
compared with halofantrine in travellers 
returning from the tropics with malaria. 
Special attention in this study is paid to 
recrudescence, or the reoccurence of 
malaria, a known problem for the 
artemisinin drugs. Side effects are 
carefully monitored especially 
neurotoxicity, which has been decnbed in 
animal experiments with high dosages of 
artemether and arteether. Cardiotoxicity, 
monitored with frequent 
electrocardiograms, is evaluated because 
cardiac arrests have been described in 
patients taking halofantrine.These arrests 
were caused by 'torsades des pointes' 
related to drug-induced prolongation of the 
QTc-interval. An important consideration 

consider the question: "is artemether 
subject to 2D6 or 2C19 metabolism ?" an 
important question to answer. 

In 1991 Bailey et al found by 
serendepity that grapefruit juice could 
increase the bioavailability of many drugs 
like felodipine, cyclosporin, saquinavir, 
terfenadin, lovastatin, midazolam and 
others. The poor bioavailability of 
artemether and the decline in druglevels 
after multiple dose regimens are the main 
reasons to test the effect of grapefruit juice 
on the pharmacokinetics of artemether as 
well. Furthermore it will teach us 
something about the routes of metabolism 
of artemether. This grapefruit juice-drug-
interaction is thought to be caused by a 
still not clearly identified compound, 
possibly nanngin or bergamottin, present 
only in grapefruit juice, and not in other 
juices. This compound can selectively 
block the activity of the enzyme CYP 3A4 
present in small intestinal epithelium, 
particularly in the apical region of the 
mature enterocytes at the tip of the 
microvillus. This enzyme is important in 
the first pass metabolism of many drugs. 
We test the influence of fresh frozen 
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for this extensive cardiac monitoring was 
that lumefantrine has similarities in 
chemical structure with halofantrine, both 
being aminoalcohols. 

In the last part of this thesis we 
carry out 4 studies in healthy volunteers. 
In the first study in chapter 8 we evaluate 
the effect of inhibition of the enzymes 
CYP 2D6 and CYP 2C19 successively on 
the metabolism of artemether. These 2 
isoenzymes belong to the cytochrome P-
450 family and are important in the 
hepatic biotransformation of many drugs. 
For these two enzymes genetic 
polymorphism is described, meaning that 
the activity of these enzymes play a role in 
interindividual and interethnic differences 
in drug metabolism. Thus 7 % of the 
Caucasian population have an inactive 
CYP 2D6 and are so called 'poor 
metabolizers' for the drug oxidized by this 
enzyme, whereas only 1% of Oriental 
people have an inactive 2D6 For CYP 
2C19 3% of Caucasians and 22% of 
Orientals represent a 'poor metabolizer' 
phenotype. Because artemether is and will 
be used among many different races, we 

double concentrated grapefruit juice on the 
pharmacokinetics of artemether after oral 
intake in Dutch healthy subjects and 
hereafter examined the effect of local, 
fresh grapefruit juice on artemether 
kinetics in Vietnamese healthy subjects 
and malaria patients in South-Vietnam. 
The results are discussed in chapter 9. 

In this study we simultaneously 
collect saliva samples for detection of 
artemether and its metabolite, using the 
same assay described in chapter 3. The 
objective of measuring drug 
concentrations in saliva was to evaluate a 
non-invasive mode of sampling which 
could be valuable in (large) 
pharmacokinetic studies in the field. 

Because asymptomatic 
prolongation of the QTc-interval has been 
described in clinical studies with 
artemether, we also look in chapter 9 at 
concentration-dependent cardiographie 
changes after artemether administration in 
healthy subjects. With this study we try to 
answer the question whether these effects 
on the electrocardiogram found in patients 
are related to the drug or to the malaria. 
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In chapter 10 we evaluate the effect of 
grapefruit juice on the time-dependent 
decline in artemether plasma levels in 
healthy subjects. A high rate of 
recrudescence is reported in monotherapy 
with artemisinin derivatives. Factors 
contributing to this reduced efficacy are 
the short half-life of these compounds and 
possibly the remarkable time-dependent 
decrease in bioavailability during a 5 days 
treatment regimen which is probably 
caused by autoinduction. In this study we 
evaluate this time-dependent decline in 
bioavailability in a multiple dose study in 
healthy subjects and study the 
antagonizing effect of grapefruit juice on 
this decline in plasma levels over time. A 
glass of grapefruit juice added to a drug 
regimen with artemether would be a very 
simple and cost-effective way to increase 
drug levels and possibly increase the 
efficacy of artemether in the treatment of 
malaria. 

Finally in chapter 111 give a 
summary of the thesis in English and 
Dutch including a Dutch review article in 
which the WHO guidelines for 
implementation of the artemisinin drugs 
for the treatment of malaria are elaborated. 
The summary closes with a general 
discussion on the results from this thesis 
and my ideas on the studies that could be 
done in continuation of our results for the 
questions that have remained unanswered. 
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from medicinal herb to registered medication 



R V I E 

Artemisinin drugs in the 
treatment of malaria: 
from medicinal herb to 
registered medication 

Michiel A. van Agtmael, Teunis A. Eggelte and 
23 Chris J. van Boxtel 

Registration in Europe of several artemisinin drugs for 

the treatment of malaria can soon be expected. 

Artemisinin is isolated from the herb Artemisia annua, 

in use in China more than 2000 years as a herbal tea 

against fever. Artemisinin drugs are being used 

extensively in South-East Asia and increasingly in 

Africa. Active derivatives have been synthesized -

artemether, arteether and artesunate - which are used 

for oral, intramuscular, rectal and intravenous 

administration. The origin, mechanism of action, 

efficacy and safety in patients, the pharmacokinetics 

and the position of this group of compounds among 

existing antimalarials are discussed in this review. 

g 
victims are children under the age of five living in Africa 
below the Sahara; 80-90% of the world malaria burden is 
carried by this continent. 

As the results of trials with malaria vaccines have been 
disappointing, malaria control still depends on the use of 
effective antimalarial drugs1. However, vaccine research 
is still proceeding and vaccination remains the most cost-
effective strategy for attacking the malaria problem2-4. 
Malaria control in the past three decades has been domi
nated by the increasing problem of malaria parasite 
resistance to the existing antimalarials5. In Africa, there 
is widespread resistance to chloroquine, and resistance 
to the second-line drug pyrimethamine-sulphadoxine 
(Fansidar) is increasing6-7. 

The problem of drug resistance is greatest in South-
East Asia, where there is evidence for resistance or 
reduced sensitivity against all antimalarial drugs includ
ing mefloquine, halofantrine and even quinine8. Treat
ment of severe malaria now relies on the use of the latest 
antimalarials, the artemisinin-derived drugs. In coun
tries with endemic malaria, these drugs have been avail
able for several years without being properly registered. 

Artemisinin, or qinghaosu (Chinese for 'from green 
herb'), was isolated by Chinese researchers in 1972 from 
Artemisia annua L. (sweet or annual wormwood) and its 
structure elucidated in 1979 (Ref. 9). The plant, a peren
nial herb of the family of composite flowers, has been 
used in traditional Chinese medicine as a remedy for 

^ P R q , 

SPECIAL 
FEATURE 
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A characteristic of the artemisinin drugs is the rapid onset 
of action with clearance of parasites from the blood within 
48 h in most cases. The clinical relevance of this rapid 
action, however, has not been established. A meta-analysis 
showed a slight survival-benefit with artemisinin drugs 
compared to quinine in the treatment of severe (compli
cated or cerebral) malaria. These drugs have surprisingly 
few adverse effects. Although neurotoxicity can occur in 
animals, it has never been reported in humans. So far no 
in vivo resistance has been described, making them also 
effective in the treatment of multi-resistant malaria. A dis
advantage of the artemisinin drugs is the occurrence of 
recrudescences when given in short course monotherapy 
regimens. Therefore, combination with a longer-acting 
antimalarial drug is usually recommended. A striking 
pharmacokinetic phenomenon in multiple dose studies 
of some artemisinin analogues is a time-dependent de
crease in plasma concentrations probably caused by auto-
induction. The artemisinin drugs should be reserved for 
situations where problems of resistance or unwanted side-
effects of the available antimalarial drugs are expected. 

Malaria is still one of the major health problems in 
many tropical countries. Although, in the 1950s, with the 
use of residual insecticides and effective drags there was 
hope of eradication, this hope had vanished by the 1960s 
with the appearance of DDT resistance. The situation 
worsened with the emergence of chloroquine-resistant 
strains of Plasmodium falciparum, the malaria parasite 
responsible for two million deaths every year. Most 

chills and fevers for more than 2000 years. Although 
originally from northern parts of China, the plant now 
grows wild in many countries10. It is easily grown under 
a wide variety of conditions but the artemisinin yields 
can vary considerably, depending on plant material and 
growth conditions. Artemisinin is present in the leaves 
and the flower of the plant in 0.01-0.8% dry weight11. 
There are no real limitations on the supply of the com
pound or its derivatives to restrict their future wide
spread use as antimalarials. 

Me 
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Artemisinin is a sesquiterpene trioxane lactone, con
taining a peroxide bridge, which is essential for its activ
ity12. The lactone can easily be reduced with sodium 
borohydride, resulting in the formation of dihydro-
artemisinin, which has even more antimalarial activity in 
vitro than artemisinin itself13. Many derivatives have 
been synthesized from dihydroartemisinin and out of 
these artemether, arteether, artesunic and artelinic acid 
are either currently in use or being evaluated for use 
(see Fig. 1). The rationale behind the use of these semi
synthetic derivatives of artemisinin is related to their 
physical properties. Artemisinin has poor solubility in 
water or oil and can thus only be administered orally. 

In patients with severe malaria, oral treatment is often 
impossible and a parenteral formulation of the drug is 
required. Therefore, water-soluble artesunate, the hemi-
succinate of dihydroartemisinin and the oil soluble arte
mether have been developed by Chinese scientists for intra
venous and intramuscular administration, respectively. 
Development of oil-soluble arteether has been promoted 
by the World Health Organization (WHO) and the water 
soluble artelinic acid by the Walter Reed Army Institute 
of Research. Artemether and artesunate are now also 
used as oral formulations and the latter is also available 
in the form of suppositories. It is WHO policy to promote 

the use of these drugs intra-rectally as an emergency 
treatment in primary healthcare situations in developing 
countries. The delay in treatment, often caused by the long 
distance to the hospital, is regarded as a significant factor 
in the high mortality in children. This delay would be sub
stantially reduced if the mother could administer a sup
pository to her ill child at home. Artemether and artesunate 
also exert their action through dihydroartemisinin. This 
metabolite is often present in higher concentrations than 
the parent drug and exhibits higher activity in vitro. 
Dihydroartemisinin is also used as an oral drug. 

Mechanism of action 
The action of artemisinin derivatives is different from 

that of the other antimalarial drugs, although both the 
artemisinin drugs and the 4-aminoquinolines interact 
with haem14'15. Artemisinins have a very fast action and 
parasite clearance times are much shorter than with 
other malarial drugs. In Fig. 2 the life-cycle of the malaria 
parasite is shown and explained. Whereas most of the 
antimalarials work at the late trophozoite and schizont 
stage of the malaria parasite, artemisinin derivatives also 
act already at early trophozoite and ring stages. Arte
misinin is only active on blood-stage parasites and does 
not affect liver-stage parasites or stages within the mos
quito. However, it does act on gametocyte development, 



Fig. 2. Life cycle of the malaria parasite Plasmodium falciparum in humans After the bite of an 
infected female Anopheles mosquito, sporozoites migrate to the liver and invade hepatocytes 
within 1 h. After 5-7 days, the infected hepatocytes rupture, releasing thousands of merozoites, 
which will invade erythrocytes The parasite will develop and replicate within the erythrocytes 
After 24-26 h in the cycle the trophozoite will adhere to the endothelium of small blood vessels. 
This adherence, named sequestration, is thought to be responsible for the pathophysiology of 
falciparum malaria. In this period (26-48 h) these older stages cannot normally be seen in the 
blood smear. They will grow, become schizonts and rupture after 48 h, releasing their progeny 
(16-32 merozoites per schizont) in the blood. With schizont rupture it is thought that a still-
unidentified malaria toxin is released causing a cytokine response which leads to the typical 
malaria symptoms of high fever, chills and malaise. 

resulting in decreased transmission in areas where arte-
misinin compounds are extensively used16. 

During the blood-stage phase of the parasite, more 
than 70% of the haemoglobin within the infected eryth
rocyte is digested17. Haem is released, which is toxic for 
the parasite and therefore neutralized by polymerization 
into haemazoin. (This polymerization is inhibited by 
4-aminoquinolines such as chloroquine18.) 

It was found that haem or Fe2+ catalyses the opening 
of the peroxide bridge in artemisinin, leading to the for
mation of free radicals1920. Malaria parasites are known to 
be sensitive to free radicals21. A mechanistic framework for 
the Fe2+-induced cleavage of artemisinin and its deriv
atives has been proposed to explain the formation of meta
bolic products and the most important pathways (shown 
in Fig. 3). This mechanism is based on careful analysis of 
the formed products from reaction of Fe2+-salts with 
artemisinin compounds under different conditions2223. 

The initially formed oxygen radicals rearrange to pri
mary and secondary carbon-centered radicals, inter
mediates in the formation of known metabolites. These 
intermediates are involved in the alkylation of proteins. 
The secondary radical at C4 originates from a 1,5-H shift of 
C4-H to the oxygen radical. Much effort has gone into in
vestigating the relationship of the stability of the C4 radi
cal and the antimalarial activity. Formation of this radical 
is crucial for retaining high activity in the artemisinin ana
logues22. Blocking the formation or destruction of the 
formed radical at C4 reduces the activity significantly. 
Further support for the formation of carbon radicals has 
come from trapping experiments of the formed radicals 
using spin labels24. 



In parasite cultures treated with artemisinin, adducts 
of haem and artemisinin have been isolated25. The struc
ture of these adducts has yet not been elucidated. The 
structure of an adduct of artemisinin and the (probably 
similar) manganese counterpart of haemin points to 
reaction of the primary radical product at the meso pos
ition of the porphyrin26. 

Incubation of the parasite with labeled artemisinin 
showed incorporation of the label into at least six para
site proteins. This alkylation of proteins is not a random 
process as it involves specific, and not major, proteins27. 
It was found that, in particular, a member of the trans-

27 lationally controlled tumour proteins (TCTP) was alkyl
ated28. This could be related to the fact that this protein 
interacts with haem. The event essential in leading to 
parasite death is still unknown. Morphological changes in 
the mitochondria, ribosomes and endoplasmatic reticu
lum have been described. Since radical-intermediates 
are involved, processes like DNA cleavage and poly
unsaturated fatty acid degradation might also be involved. 
Free radical scavengers like ascorbic acid, tocopherol, 
acetylcystein and iron chelators potentially counteract the 
activity of artemisinin29'30. The increased understanding 
of the mechanism of action of the artemisinin drugs will 
facilitate the design of more active compounds22'31-32. 

In vitro and animal studies of artemisinin 
derivatives 

The artemisinin drugs have potent parasite killing 
activity in vitro with IQ,, values of 0.1-10 ng m H (Ref. 33). 

for well-equipped laboratories. Although several HPLC 
methods using UV detection assays are currently being 
used, these assays are less sensitive and not applicable to 
all artemisinin compounds41-43. Liquid chromatography-
mass spectrometry (LC-MS) has been used in connection 
with metabolism studies but not as a routine procedure44. 
For the interpretation of pharmacokinetic studies with 
these compounds it is crucial to incorporate the kinetics 
of the metabolite dihydroartemisinin, as this metabolite 
contributes to the activity of the drag. 

Oral formulations of artemisinin and its derivatives 
are absorbed rapidly but incompletely with considerable 
inter-individual variability45-46. Peak plasma concen
trations are reached in 1-2 h and most of these compounds 
have a short elimination half-life of 1-3 h following oral in
take47. Artesunate acts like a prodrug with fast transfor
mation into dihydroartemisinin and has an elimination 
half-life of less than half an hour48. Intramuscular and rec
tal dosing exhibit slower and more variable absorption and 
elimination. For arteether, an elimination half-life of 23 h 
has been reported in healthy subjects after a single intra
muscular dose49-52. This long elimination half-life is prob
ably related to a slow absorption from the intramuscular 
depot. Owing to the lack of intravenous formulations, no 
data on absolute bioavailability of artemisinin drugs are 
known except in case of artesunate where the pharmaco
kinetics of oral versus intravenous artesunate were com
pared53. The absolute bioavailability of the prodrug arte
sunate was low (15 %) but the relative bioavailability of 
dihydroartemisinin was high (82%). Artesunate is prob-
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Artemether, arteether and dihydroartemisinin are more 
potent in vitro than artemisinin itself. All the artemisinin 
derivatives are also active against P. falciparum strains, 
which are resistant to a broad spectrum of other anti
malarials34. Combination of artemisinin with halo-
fantrine or quinine had an additive effect with respect 
to parasiticidal activity. Mefloquine had a potentiating 
effect whereas chloroquine and pyrimethamine showed 
antagonism with artemisinin3335. 

Until now, no clinical resistance has been reported 
although variation in sensitivity for the artemisinin de
rivatives has been found in isolates of P. falciparum. The 
least susceptible parasites were seen among mefloquine-
resistant isolates33. There have been P. falciparum strains 
cultured in vitro with moderate decreased artemisinin 
sensitivity and even a resistant P. yoelii strain has been 
obtained, which showed about 15 times less sensitivity 
than the parent strain36. P. falciparum was found to be less 
susceptible to artemisinin in thalassemic erythrocytes37 38. 

Clinical pharmacology 
Pharmacokinetics 

For measuring artemisinin and its derivatives in plasma, 
high-performance liquid chromatography (HPLC) with 
electrochemical detection is the method of choice with a 
sensitivity of 1-5 ng ml ' (Refs 39,40). As the assay is per
formed in the reductive mode, strict anaerobic conditions 
are essential and this technique is therefore only suitable 

ably extensively hydrolysed to dihydroartemisinin in 
the gastro-intestinal lumen before first-pass metabolism 
in the gut wall and liver takes place. In 50% of the cases no 
artesunate was even detectable in the blood. 

After oral intake of artemether, high concentrations of 
dihydroartemisinin were seen that parallelled artemether 
concentrations47. The relative bioavailability of oral arte
mether compared to intramuscular administration was 
43% (Ref. 52). Less dihydroartemisinin is seen after intra
muscular administration than with the oral route, which 
suggests that some dihydroartemisinin formation is 
formed in the gut lumen (as a product of enteric first-pass 
metabolism of artemether). 

Although demethylation of artemether is probably me
diated by cytochrome P (CYP) 450 enzymes, no effect was 
seen from specific CYP 2D6- and CYP 2C19-inhibition on 
the pharmacokinetics of artemether54. It was concluded 
that artemether metabolism was not subject to the genetic 
polymorphism for these enzymes to a clinically impor
tant degree. From in vitro experiments a major role for 
CYP 3A4 was identified for the conversion of arteether 
to dihydroartemisinin55. This enzyme is probably also 
important in the primary metabolism of artemether to 
dihydroartemisinin Interaction studies with grapefruit 
juice, a strong inhibitor of CYP3A4 in the gut mucosa 
cell, showed more than a twofold increase in artemether 
bioavailability, which suggests a role for CYP3A4 in the 
first-pass elimination of artemether109. 
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was responsible for this time-dependent increase in first-pass 
effect. It is possible that these decreasing plasma concentra
tions over time contribute to the recrudescences observed 
in treatment trials with this group of compounds63. Time-
dependent pharmacokinetics have also been observed in 
studies with artemether110. 

Pharmacodynamics 
An advantage of the artemisirtin drugs over most other 

antimalarial drugs is that they act very rapidly, although 
the clinical benefit of this rapid action is still under dis
cussion64. They achieve considerable shorter parasite 
clearance times owing to their effect on the ring stages65. 
By eliminating the ring-stage parasites they prevent the 
development to the more mature pathogenic stages that 
adhere to the endothelium in the microcirculation and 
cause complicated or cerebral malaria (Fig. 2). Despite 
this rapid clearance of parasitaemia and reduction of 
malaria symptoms, there is frequent recrudescence of 
infection when the drugs are given as monotherapy or 
for a short duration66. This is not caused by parasite re
sistance but is probably related to the short half-lives of 
these compounds, bringing down the parasitaemia be
low detectable levels, but not eliminating all parasites67. 
Clinical dose finding studies suggest that the duration 
of treatment is critical for the cure rate68. It is likely that 
a defined time of drug concentration above the MIC 
(minimal inhibitory concentration) is necessary for 
effective treatment. Empirically it is known that for 
elimination of all parasites effective drug levels during 
3-4 life cycles of the parasite are required. This can be 
achieved by combining the artemisinin with an anti
malarial drug having a longer elimination half-life. 
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There are several factors influencing the pharmaco
kinetics of the artemisinin drugs. In patients with un
complicated malaria, higher Cmax were observed than in 
healthy subjects56. A reduced volume of distribution due 
to malaria or non-linear (saturable) pharmacokinetics of 
artemether is thought to be involved. Food had no influ
ence on the pharmacokinetics of artemisinin57. Although 
it is thought that this group of drugs is mainly metab
olized by hepatic transformation, liver cirrhosis did not 
influence bioavailability nor delay the elimination58. In 
acute renal failure plasma artemether levels after intra
muscular administration were increased, possibly related 
to the reduced volume of distribution as renal elimination 
of these drugs is negligible59. 

In multiple dose studies with artemisinin, in both healthy 
subjects and patients, peak plasma artemisinin concen
trations on day 6 were reduced to only 20% of those on day 
one, whereas the half-life was unchanged60-62. It was sug
gested that autoinduction of enzymes in the liver or gut 

Another argument for combination therapy, as 
pointed out by White, is that effective reduction in para
site biomass by the artemisinins may slow the develop
ment of resistance to the co-administered drugs69. For 
example in a artemether + mefloquine treatment regi
men, the effective reduction of parasite load by arte
mether will reduce the change that a mefloquine-resist-
ant parasite will survive, replicate and cause treatment 
failure. The neccessity of a combined therapy to prevent 
recrudescence is also illustrated with in-vitro studies 
that have shown a static effect on early ring stages of the 
parasite after exposure to low concentrations of dihydro-
artemisinin (20 ng ml"1) for 24 h. These forms remained 
in a metabolic resting state up to six days followed by re
newed growth70. Finally, the combination of an arte
misinin drug with a longer acting agent has not only the 
advantage of fast action and prevention of recrudescence 
but the treatment period will be shortened and thus 
improved patient compliance can also be obtained71. 

Clinical data on efficacy 
Studies in uncomplicated malaria 

Numerous studies with various compounds in more 
than 10 000 patients have been performed in China, 
Vietnam and Thailand, some in African countries and a 



few in South America72-77. No significant differences were 
found in efficacy or toxicity profiles between the different 
compounds. They were effective against all human malaria 
parasites. In once or twice daily regimens these drugs 
mostly showed rapid clinical improvement, very well tol-
erability by children and adults and clearance of parasites 
from the blood within 48 h. However, in three-day courses 
with artemisinin, artesunate, artemether or dihydro-
artemisinin administered either orally, intramuscularly, 
intravenously or intrarectally recrudescence rates varied 
from 44-54% (Ref. 66). With five-to-seven-day regimens 
the 28-day cure rate increased to >90%. To improve both 

31 efficacy and patients' compliance in short course regimens 
of two to three days, artemisinin preparations were com
bined with long-acting drugs such as mefloquine, doxy-
cycline or lumefantrine (formerly called benflumetol) and 
this way cure rates of 95-100% were reached78"82. Soon a 
fixed combination tablet of artemether and lumefantrine 
(Riamet™) will be registered in Europe as a three-day 
regimen for the treatment of travellers returning from 
the tropics and as standby-treatment while on vacation. 

Studies in severe malaria 
The rapid action of artemisinin derivatives led to high 

expectations for the treatment of severe complicated 
malaria. Unfortunately, these expectations have so far 
not convincingly been fulfilled69'83"90. Despite many inter
ventions, complicated or cerebral malaria still has a mor
tality rate of 15-25%. In a study of 576 Gambian children 
with cerebral malaria, intramuscular artemether was as 

haematopoiesis and had toxic effects on the heart result
ing in bradycardia and QTC prolongation92-93. Neurotox
icity with a high fatality rate, with lesions in the pons and 
medulla in the brain, were seen in rats and dogs after treat
ment for a week with five to six times the usual dose of 
artemether or arteether92-94. Rats and dogs seemed more 
vulnerable to these drugs than primates. This neurotox
icity usually occurred in a pre-terminal time period. There 
is anecdotal information that the neurotoxicity would be 
reversible. The auditory and vestibular nuclei were most 
sensitive to the toxicity demonstrated in the neuro
pathology and in testing the auditory discrimination task 
in rats95-96. Depending on the species, the doses related to 
NOAEL (No Observed Adverse Effect Level) of arteether 
and probably artemether ranged from about 6.25 mg 
k g 1 day-1 in the dog to 100 mg k g 1 day-1 (total or di
vided daily doses over seven days) in the monkey. In vitro 
toxicity occurred in neuronal cells as well as neuroblastoma 
cells in concentration ranges well within the limits achieved 
in vivo (10"6-10-4 M)96. The most toxic compound tested 
was dihydroartemisinin and the least toxic were artelinic 
acid and artemisinin. In rats toxicity was greater after in
tramuscular than after intravenous or oral administration 
which is probably related to different pharmacokinetics. 

Clinical studies 
Hundreds of thousands of patients have been treated 

with artemisinin derivatives and so far no major side 
effects have been reported, which is very different from 
experiences with most other antimalarials. No neuro-
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efficacious as intramuscular quinine88. The mortality 
rates in both groups were 21%. Three and 5% of the chil
dren respectively showed neurological sequelae after re
covery. Although the mean parasite clearance time was 
48 h compared to 60 h with quinine, fever clearance time 
was not shorter. There was an increase in the rate of con
vulsions and a longer duration of coma in the artemether 
treated group. In another study among 560 adults with 
severe malaria in Vietnam, the mortality rate in the intra
muscular artemether group was 13% and 17% in the in
tramuscular quinine group89. Again the parasites cleared 
faster from the blood on artemether but the fever lasted 
a little longer as did the duration of coma in the arte
mether group. A recent systematic review/meta-analysis 
of the Cochrane Library evaluated 18 studies in severe 
malaria. It was concluded that across all studies survival 
was somewhat better in a total of 1147 patients treated 
with artemisinin drugs than 1070 treated with quinine. 
(Odds Ratio 0.73,95% CI 0.58-0.91 )91. In other words, 24 
patients are needed to treat with an artemisinin drug 
instead of quinine to prevent one more death from severe 
malaria. Overall, no significant difference in neurological 
sequelae has been demonstrated. 

Adverse effects 
Preclinical studies 

Most toxicity studies in animals have been done 
with arteether. High doses in monkeys inhibited the 

logical abnormalities in patients have been seen until 
now65. It is unknown if cumulative neurotoxicity is of 
concern but subclinical injury could occur with each 
treatment course for separate episodes of malaria. This 
possible risk prohibits the use of artemisinin drugs for 
malaria prophylaxis. Tests for early detection of neuro
toxicity are not available but are under development 
(sound localization test, brainstem auditory evoked 
potential). As in animals, QTC -prolongation without any 
arrhythmias was also observed in malaria patients 
treated with artemether89. This phenomenon is likely 
related to malaria and not to artemether, as it was also 
seen during treatment with other antimalarials97. 

Little is known about the effect on foetal development 
in humans. A toxic effect on embryos, but no terato
genicity, was described in mice, rats and rabbits after 
large doses of artemether. Use of artemisinin derivatives 
during pregnancy has only been reported anecdo-
tally98. No abnormalities were found in children of 
mothers who had been treated with artemisinin or 
artemether during the second or third trimester of preg
nancy. In view of the severe course of malaria during 
pregnancy, artemisinin derivatives should be considered 
in case of quinine resistance. 

Future prospects and concluding remarks 
It is expected that the introduction of the artemisinin 

drugs in countries in South-East Asia and Africa will 
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further increase. In case of (multi)-drug resistant malaria 
the need for these new compounds is clear. However, 
introducing them as the 'magic bullet' for a higher price 
in countries where the usual drugs are still effective will 
cause serious constraints on the local health budgets. 
Furthermore, overuse of these new promising drugs will 
most likely lead to resistance, as we have seen for all the 
other introduced antimalarials until now. We have dis
cussed earlier in this review that there are theoretical 
arguments to use artemisinin drugs in combination with 
other antimalarials to delay development of resistance. 

After artemisinin and its derivatives (first generation), 
work is in progress on completely synthetic (second gen
eration) trioxane compounds". Future studies will have 
to find out if even more active compounds can reduce the 
mortality rate in severe malaria although reducing the 
time between symptoms and treatment is probably more 
crucial to improve survival. 

The artemisinin drugs are also suitable in the initial 
treatment of vivax malaria, followed by primaquine for 
elimination of the liver stage forms100. 

Other indications than malaria for the artemisinin 
drugs are being investigated. There is conflicting evi
dence for antiprotozoal activity against Toxoplasma gondii 
and Pneumocystis carinii in vitro and in rats101-103. Babesia 
species, also living inside erythrocytes but not degrading 
haemoglobin, appeared not susceptible to artesunate104. 
Artemether and artesunate were registered in China in 1996 
as prophylactics of Schistosoma japonicum, as activity was 
demonstrated against the young forms of Schistosoma 
species105. Artemether has been successfully used in oral 
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Candida albicans infections in AIDS-patients in Africa106. 
Some favourable effect on cutaneous leishmaniasis has 
been demonstrated in mice107. In addition, cytotoxicity 
for certain tumour cells has been described108. 

The artemisinin derivatives have proved their efficacy 
in the treatment of malaria, including severe and cerebral 
malaria and multiresistant malaria. They deserve an im
portant place in the treatment of malaria owing to their 
efficacy, absence of major side effects and relatively low 
costs of manufacturing and distribution. The high fre
quency of recrudescences necessitates protracted treat
ment in monotherapy (five to seven days) or preferably 
combination with some other longer-acting agent such 
as mefloquine or benflumetol. The artemisinin deriva
tives should be reserved for those situations where prob
lems of resistance or unwanted side-effects of the avail
able antimalarial drugs are to be expected. 
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Validation of an Improved Reversed-Phase High-Performance 
Liquid Chromatography Assay With Reductive Electrochemical 

Detection for the Determination of Artemisinin Derivatives 
in Man 

Michiel A. van Agtmael, Jan J. Butter, Els J. G. Portier, and Chris J. van Boxtel 

Department of Clinical Pharmacology & Pharmacotherapy, Academic Medical Center, Amsterdam, The Netherlands 

Summary: For the determination of artemisinin (ART) and analogs, a reversed-phase 
high-performance liquid chromatography method using reductive electrochemical de
tection (ED) was set up with some important modifications as compared to previously 
published assays. A different technique of deoxygenating resulted in a factor 2-3 lower 
background current. A Spectroflow 400 liquid Chromatograph in combination with a 
Triathlon autoinjector coupled to a Decade electrochemical detector was used. The 
detector was operated in the reductive mode as a closed system under chromatography 
grade helium to exclude any access of oxygen. The Decade has a glassy carbon 
electrode and a reference Ag/AgCl electrode. Infrequent electropolishing was required 
implicating a very stable system. By increasing acetonitril or lowering the pH of the 



mobile phase, the various derivatives could be determined in the same chromatogram. 
The assay was validated using artemether (ATM) and dihydroartemisinin (DMA) as 
test substances. In the concentration range seen in people after usual doses (5 to 220 
ng/ml), the assay performs with adequate accuracy and precision. The interassay and 
intraassay precision are <6% for ATM. For DHA, the interassay and intraassay pre
cision are <9%. The accuracy expressed as the deviation from the expected concen
tration varies from - 1 % to +4.5% for the intraassay ATM-determinations and from 
+1 % to +6.3% for the interassay measurements. For DHA, the accuracy is somewhat 
less, varying from -0.3% to -9.5% for the intraassay measurements and -0.6% to 
+2.6% for the interassay measurements. The reproducibility of the assay, measured 
over a time period of 3 months, is good for ATM and DHA with an interassay precision 
of <18% in 70 repetitive samples and an accuracy varying from -0.6% to +7.6%. In 
a cross-check with two other reference laboratories who used comparable methods of 
determination, a strong correlation (correlation coefficient > 0.98) was achieved. The 
method was applied in a study in which artemether was administered orally to healthy 
white subjects. We consider high-performance liquid chromatography with electro
chemical detection an accurate and precise method for quantitative determination of 
artemisinin derivatives in pharmacokinetic studies. Key Words: Artemisinin deriva
tive—High-performance liquid chromatography—Electrochemical detection— 

40 Validation—Artemether—Dihydroartemisinin—Assay. 

Qinghaosu or artemisinin (ART) is isolated from the 341 A.D., this herb has been used for fever, hemorrhoids, 
herb Artemisia annua. It is the parent compound of a new and 32 other diseases in traditional Chinese medicine (1). 
class of antimalarials with great potential value. Since In 1974, it was found to possess antiplasmodial activity 

and to be effective in the treatment of malaria. Emerging 
Received February 18, 1997; accepted August 11, 1997 resistance and problematic side-effects for known anti-
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dreef 9 1105 AZ Amsterdam. The Netherlands. pies. Semisynthetic derivatives such as artemether 
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(ATM), arteether (ATE), and artesunate (ATS) have 
been developed with sometimes greater antimalarial ac
tivity and permit parenteral administration (2). Figure 1 
shows the chemical structure of artemisinin and some 
derivatives. It is a sesquiterpene lactone with a charac
teristic endoperoxide bridge essential for its antimalarial 
activity (3). During a 1992 World Health Organization 
conference, it was emphasized that efforts should be 
made to develop robust analytical methods for monitor
ing pharmacologic and idiosyncratic toxicity in patients 
treated with these analogues (4). The development of 
selective analytical methods for the determination of ar
temisinin and its analogues and metabolites in biologic 
fluids poses challenging problems. All are thermally la
bile, lack ultraviolet (u.v.) absorption or fluorescent 
chromophores, and do not possess functional groups with 
potential for derivatization. In this article, we describe 
high-performance liquid chromatography (HPLC) with 
reductive electrochemical detection (HPLC-ED), which 
is regarded as more sensitive than HPLC-UV and the 
specific reduction of the peroxide bridge gives this 
method a higher specificity than radioimmunoassay 
(RIA) or bioassay (5,6). High-performance liquid-
chromatography with reductive electrochemical detec
tion uses the endoperoxide bridge of the active artemisi
nin derivatives. This structure is reduced at the working-

limited number of institutes worldwide. Alternative ap
proaches as supercritical fluid chromatography with 
electrochemical detection and chemiluminiscent detec
tion are currently being investigated (7,8). We will show 
that this assay performs with good accuracy and preci
sion by measuring spiked samples with ATM and its 
metabolite, dihydroartemisinin (DH), in the 5 to 220 ng/ 
ml range, evaluate 70 plasma quality control samples 
measured over 3 months, and compare our results with 
two reference labs that have published their comparable 
methods (9,10). We applied the method to plasma 
samples of healthy volunteers after oral intake of 100 mg 
artemether. We will evaluate specificity in a separate 
chapter concerning Qinghaosu- metabolites and possible 
interfering reducible compounds. Because we prefer to 
use ng/ml for drug concentrations, for conversion into SI 
units, the molecular weights of ART, ATM, DHA, ATE, 
and ATS are 280, 296, 282, 312, and 404, respectively. 

MATERIALS AND METHODS 

Materials 

Stock solutions containing 100 fig/ml dihydroar
temisinin (DHA), 100 fig/ml artemisinin (ART), 100 |xg/ 
ml arteether (ATE), and 100 |i.g/ml artemether (ATM) in 
100% ethanol were prepared. Artemisinin, DHA, and 
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electrode, and the signal of the resulting electric current 
is used for detection. Inherent difficulties of the method 
are that it requires rigorous deoxygenation of samples 
and mobile phase and an electrochemical detector that is 
expensive and difficult to operate. However, the need for 
special laboratory facilities and highly trained and expe
rienced technicians makes the assay available in only a 

Me 

Me — 

R =o Artemisinin 
-OH Dihydroartemisinin 
-OCH3 Artemether 
-OC2H5 Arteether 
-OCO-(CH2)2C02H Artesunate 

FIG. 1. Chemical structure of artemisinin and some derivatives. 

ATE were obtained from ACF Farma (Maarssen, The 
Netherlands), whereas ATM was made available by 
Novartis (Basle, Switzerland). For daily work, the stock-
solutions were further diluted to 1 jjLg/ml in wateretha-
nol (1:1). All chemicals and solvents used in our assay 
procedure are of analytical/chromatographic grade. Ace-
tonitril, ethanol, 1 M natrium hydroxide, 100 mM acetate 
buffer, pH 5.0, ethyl acetate, 1-chlorbutane, toluene, and 
dichlorodimethylsilane are obtained from Merck (Darm
stadt, Germany). 

Chromatography 

The analytical equipment was set up as previously 
published by Melendez et al (5) with some rather impor
tant modifications. Instead of the BAS 200 liquid Chro
matograph (Bioanalytical Systems, West Lafayette, IN, 
U.S.A.), a Pump spectroflow 400 (Applied Biosystems 
B.V., Rotterdam, The Netherlands) (flow rate, 1.5 ml/ 
minute) liquid Chromatograph with Triathlon autoinjec-
tor (Spark Holland Separations, Hendrik Ido Ambacht, 
The Netherlands) attached to an electrochemical detector 
(Decade; Antec, Leiden, The Netherlands) were used. 
The instrument is operated in the reductive mode as a 
system with stainless steel tubings, well air-closed to 
exclude any oxygen at the detector under chromatogra
phy grade helium. The electrochemical detector contains 
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glassy carbon working electrodes, a reference Ag/AgCl, 
and an auxiliary 316 stainless steel electrode and has a 
working potential of - 1 V. The electrode was wiped 
when the mobile phase was changed, and electropolish-
ing was conducted once a year, implicating a very stable 
system. The Triathlon autoinjector (Spark Holland Sepa
rations) was used in the "user-mode;" it executed 
sample degassing with argon for 15 minutes and injec
tion of the deoxygenated sample with a 100 |xl loop. An 
inner and outer needle perforated the membrane of the 
vial with extracted sample. Rigorous deoxygenating took 
place by blowing argon in the sample from the inner 
needle located under the fluid surface. The outer needle 
removed all the air above the sample. After 15 minutes, 
aspiration of the degassed sample took place through the 
inner needle into a syringe while the outer needle blew 
argon into the vial. The syringe loaded the 100-u.l loop 
from which the sample was injected into the system. 
Chromatographic separations were obtained with a Ver-
sapack column (Alltech, The Netherlands): CN-column, 
300 x 4.6 mm, 10 u>m particle size, with cyanopropyl as 
stationary phase, maintained at 30°C. The composition 
of the mobile phase consists of 60% acetate buffer (100 
mM) and 40% acetonitril, and has a pH of 5. The mobile 
phase was thoroughly deoxygenated for at least 24 hours 
before sample injection. During the process of recircu
lating the mobile phase, the whole system will then be
come deoxygenated. Renewal of the mobile phase at 
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least every 3 to 4 weeks is needed because after this time 
the acetonitril concentration decreases and the retention 
time will prolong. With minor changes in the mobile 
phase, such as increasing acetonitril for the much less 
polar arteether or lowering the pH for the pH sensitive 
artesunate, these compounds can be determined in the 
same chromatogram together with dihydroartemisinin, 
artemisinin, and artemether (Fig. 2). The chromatograms 
are recorded and analyzed with Kontron Datjet integrator 
software (Kontron Instruments S.p.A., Milano, Italy). 

Sample Extraction 

All glass materials are silanized to minimize drug ad-
sorbtion to the glass. We usually use 1 ml of serum, 
although smaller sample sizes can be processed. Before 
extraction, 25 |xl of the internal standard solution ( 1 u,g/ 
ml ART for the assay of the derivatives and 1 jxg/ml 
ATM for the determination of ART) is added to the 
samples, followed by vortex mixing for 20 seconds. 
Then 10 ml l-chlorobutane:ethyl acetate (9:1) is added 
and shaken for 10 minutes on a mechanical shaker. The 
samples are centrifuged for 10 minutes at 4000 rpm at a 
temperature of 23°C. The organic layer is put into clean 

FIG. 2. (A) Chromatogram from high concentration standard solutions 
in ethanol. A, oxygenpeak; B, a-DHA; C, ß-DHA; D, ART; E, ATM; 
F, ATE. (B) Chromatogram of a quality control plasma sample spiked 
with 50 ng/ml ATM and 50 ng/ml DHA. Internal standard 50 ng/ml 
ART. A, oxygenpeak; B, a-DHA; C, ß-DHA; D, ART; E, ATM. 

glass tubes and evaporated under a continuous nitrogen 
stream at room temperature. The samples are dissolved 
in 250 to 500 u.1 ethanol:water (1:1) and injected after 
deoxygenation. 

VALIDATION RESULTS 

As shown in a chromatogram of high concentration 
standard solutions in ethanol in Figure 2, with our re-
versed-phase system retention times in the same chro
matogram for dihydro-artemisinin, artemisinin, arte
mether, and arteether are 5.1, 9.2, 10.8, and 16.1 minutes, 
respectively. Figure 2A is a plasma sample spiked with 
50 ng/ml ATM and 50 ng/ml DHA and shows an ad
equate baseline separation without interferences from ex
cipients. Peak B and C in the chromatogram are the a-
and ß-DHA. It is unknown, and which peak represents 
which anomer remains unclear in the literature probably 
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because the pure substance of the anomer is not avail
able. The a-configuration may be the preferred confor
mation and the more polar compound, and therefore, 
comes first in the chromatogram. In our determination 
we have always used the first and largest peak for the 
DHA-concentration. Summation of the peaks generally 
is not done and is not advisable because we are not 
informed about the electrochemical behavior of the two 
anomers. Earlier experiments (5) have described an 
equilibration period of 3 to 4 hours, and this was ap
proximately the time period the samples were left to 
stand before injection. 

Recovery 

We measured the recovery of the extraction procedure 
by comparing the peak height, which was acquired from 
measurement of a spiked plasma sample with known 
concentration, with the peak height from measurement of 
a stock solution with the same concentration, which was 
directly injected into the HPLC system. The recovery of 
the four compounds approached 100%. 

Calibration 

Solutions of ATM and DHA in ethanol:water (50:50 ), 

least 5 ng/ml for ATM in human serum (interassay pre
cision 6%, accuracy +2.2%) (Table 1). According to 
these standards DHA had a similar limit of quantification 
of 5 ng/ml (interassay precision 9%, accuracy +2.2%) 
(Table 2). 

Assay Precision and Accuracy 

Intraassay Precision and Accuracy 

We analyzed four spiked human serum samples with 
concentrations ranging from 10 to 220 ng/ml six times on 
the same day to test intraassay precision or within-day 
variability. The results for ATM are shown in Table 1 
and for DHA in Table 2. The coefficient of variation 
ranged from 1.9% to 6% for ATM and 3.6% to 8.5% for 
DHA. As a measure of accuracy, the deviation from 
expected concentration of the mean values ranged from 
-1.0% to +4.5% for ATM and -0.3% to -9.5% for DHA. 

Interassay Precision and Accuracy 

The interassay precision or day-to-day variability was 
estimated by analyzing four spiked human serum 
samples with concentrations ranging from 5 to 220 ng/ml 
ATM (Table 1) and DHA (Table 2) on 5 different days. 
The coefficient of variation ranged from 3.49% to 5.88% 
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ranging from 0 to 200 ng/ml, were injected in the HPLC-
ED apparatus to assess detector linearity. Peak height 
was plotted against the amount of compound injected. In 
this range linearity was confirmed (r > 0.99). Calibration 
curves were obtained by spiking drug-free plasma 
samples with standard solutions to produce concentra
tions of 0, 10, 50, 100, 200 ng/ml of ATM and DHA. 
Artemisinin as internal standard was also added. The 
samples were taken through the extraction and assay pro
cedure and the peak heights were plotted against the 
corresponding drug concentrations. Linear regression 
analysis yielded mean (n = 11) values for slope and 
intercept for the equation of the calibration plots for 
ATM of y = 0.0183* + 0.0170 and for DHA y = 
0.01 AOx + 0.0727 in which y is the peak height ratio of 
ATM or DHA to the internal standard (no units) and x is 
the concentration of the calibration samples in ng/ml. 
The mean values for the correlation coefficients were r 
= 0.998 for DHA and r = 0.998 for ATM. 

Limit of Quantitation 

The limit of quantitation (LOQ), defined by the lowest 
amount quantitatively determined in a sample volume of 
1 ml with a precision around the mean value in 5 repli
cates within 15% and an accuracy within 20% was at 

for ATM and 2.62% to 9.00% for DHA. The deviation 
from the expected concentration ranged from +0.95% to 
+6.34% for ATM and -2.46% to +2.56% for DHA. 

Quality Control Samples (Method Validation During 
Study) 

Four freshly prepared, spiked quality control samples 
in two concentrations (50 and 200 ng/ml) for ATM and 

TABLE 1. lntraassay and interassay precision and 
accuracy of artemether determinations 

Measured Deviation 
Expected Inlra-resp. mean Precision from 

concentration interassay cone. ± SD (CV %) expected % 

220 Intra 220.8 + 4.1 1.9 +0.4 
Inter 222.1 ±9.0 4.1 + 1.0 

50 Intra 52.2 ±3.1 5.9 +4.5 
Inter 52.5 ± 2.4 4.5 +5.0 

25 Intra 
Inter 

24.8 ± 1.5 6.0 -1.0 

10 Intra 10.3 ±0.6 5.4 +3.0 
Inter 10.6 ±0.4 3.5 +6.3 

5 Intra 
Inter 5.3 ±0.1 5.9 +2.2 

Cone, serum concentration in ng/ml; SD, standard deviation; CV, 
coefficient of variation = SD* 100/mean. 

Deviation from expected = (mean cone. - expected cone.)* 100/ 
expected cone. 
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Measured Deviation 
Expected Intra-resp.inter mean Precision from 

concentration assay cone. ±SD (C V %) expected % 

220 Intra 205.7 ±8.6 4.2 -6.5 
Inter 218.8 ±5.7 2.6 -0.6 

50 Intra 45.2 ± 1.6 3.6 -9.5 
Inter 51.3 ±3.4 6.6 +2.6 

25 Intra 
Inter 

24.9 ±2.1 8.5 -0.3 

10 Intra 9.7 ± 5.0 5.0 -2.7 
Inter 9.8 ±0.6 5.7 -2.5 

5 Intra 
Inter 5.1 ± 0.5 9.0 +2.2 

DHA were measured during 70 replicate assays within-
run time over a 3-month period. We used stock solutions 
different from those used for the calibration curves. The 
spiked samples were stored under the same conditions as 
the study samples. For ATM, the coefficient of variation 
was <18% in the low and high range concentration. De
viation from expected concentration varied from -0.6% 
to +7.6%. For DHA the coefficient of variation was 
<12% with a deviation from expected of-5.1% to +0.2% 
(Table 3). As many factors can influence the stability of 
HPLC-ED, such as temperature and pH, the interassay 
precision can be rather high and thus will be higher than 

When reviewing the original chromatograms it was ap
parent that these outlying values were produced by the 
duplicates measured during the second run. These chro
matograms had a rather unstable baseline, a known prob
lem with electrochemical detection in the reductive 
mode, probably caused by insufficient degassing of the 
samples. If we omitted these defective chromatograms 
and, for comparisons, only used the values of duplicates 
that could be trusted, the correlation coefficient between 
added and found values further increased to 0.998 and 
the mean difference (±SD) between given and found de
creased to 6.1 ± 6.2 ng/ml, which is <10% of the mean 
added artemether concentration. For DHA an in-house 
validation was performed by blinding and randomizing 
10 samples with known DHA concentrations ranging 
from 0 to 200 ng/ml. Eight of ten measured samples 
deviated from 0% to 18% from the expected concentra
tions. One sample was 23% lower than the actual con
centration and one was an obvious outlier. The mean 
absolute difference was 9.8 ng/ml, 11.7% of the mean 
added DHA-concentration. 

In Vivo Cross Check 

With samples from a study in healthy human subjects 
who had received a single oral dose of 80 mg artemether, 
a comparison was done between our assay (AMC) and 
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the intraassay precision. 

Measurement of Unknown Samples 

Ten blinded samples with known concentrations of 
ATM, prepared by Novartis Pharma AG (Basel, Swit
zerland) and ranging from 0 to 193.5 ng/ml were ana
lyzed in our laboratory in duplicate. On average 109.4 ± 
18.9% (mean ± SD) of the added artemether was found 
by our laboratory in the samples. The absolute mean 
difference was 9.5 ng/ml. However, when the given val
ues were plotted versus the found estimates it became 
obvious that the highest found values (samples 4 and 8) 
were outlying observations. Without these two values, 
the correlation coefficient increased from 0.970 to 0.996. 

those of two reference laboratories abroad. One lab used 
a comparable method with the same equipment. The 
other reference lab used HPLC-ED with different equip
ment (9,10). Overall the correlation-coefficients for 
ATM and DHA at these two other laboratories were at 
least 0.99. The assay for ATM in reference laboratory 2 
measured significantly higher values in the concentration 
range from 5 to 50 ng/ml than those found by us and 
laboratory 1 (Fig. 3). For DHA similar concentrations 
were found in all laboratories (Fig. 4). 

Artemether Pharmacokinetics in Healthy Subjects 

Figure 5 shows the concentration time profiles of 
ATM and DHA. The concentrations were measured with 
our assay and modeled with a one-compartment open 

TABLE 3. Quality control samples measured in a time period of 3 months 

Measured Coefficient Deviation 
Samples Added cone. cone, (ng/ml) of variation from theory 

Compound (n) (ng/ml) (mean ± SD) (%) (%) 
Artemether 70 50 53.8 ±7.5 13.9 +7.6 

68* 200 198.8 ±35.0 17.7 -0.6 
Dihydro-artemisinin 70 50 50.1 ±5.1 10.2 +0.2 

70 200 189.8 ±22.1 11.7 -5.1 

* Two undetermined samples because of disturbances in the high-performance liquid chromatography 
chromatogram. 
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Eîamc 

B ref-lab 1 

D ref-lab 2 

FIG. 3. Artemether in vivo-cross 
check. AMC, Academic Medical 
Center Laboratory Clinical Phar
macology; Ref-lab, Reference 
Laboratory. 

model with a lagtime for ATM and a biotransformation 
time for DHA. These results were obtained in a repre
sentative individual during a kinetic study in which 
single oral doses of 100 mg artemether were given to 
seven healthy white subjects. PK-parameters of ATM in 
these subjects reveal a mean elimination half-life (t,/2) of 
1.3 hours, a mean maximum concentration (Cmax) of 29 
ng/ml, and for DHA, a mean t,/2 of 1.4 hours and a mean 
Cmax of 32 ng/ml was found. 

Hydroxylated metabolites of artemisinin derivatives are 
likely to have retention times different from our analytes. 
For these reasons we find no Qinghaosu-metabolites in
terfering in the chromatogram. 

The two important chemical groups to which drugs 
belong, which are reducible and possibly interfering with 
the quantitation, are quinones and nitro-compounds. The 
first group mainly consists of anthraquinone-containing 
contact-laxatives, such as senna and cascara, which are 



Specificity of the Assay 

Only Qinghaosu-metabolites with the intact peroxide 
bridge, such as DHA, are detectable with ED. Artesu-
nate, artemether, and arteether are transformed into di-
hydroartemisinin, which is subsequently converted into 
inactive metabolites that have lost their peroxide moiety. 

hardly used in men. We studied flunitrazepam and nitra
zepam, which belong to the nitro compounds and found 
no interference with the electrochemical detection of ar-
temisinin-derivatives. 

In plasma samples from healthy volunteers and Asian, 
white, and black patients with malaria, we never expe
rienced interfering peaks, which supports the specificity 
of the method. 

dihydroartemisinin 

50 
Same 

• ref-lab 1 

G ref-lab 2 

FIG. 4. Dihydroartemisinin in 
vivo-cross check. AMC, Aca
demic Medical Center Laboratory 
Clinical Pharmacology; Ref-lab. 
Reference Laboratory. 
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time (h) 

FIG. 5. Concentration time profiles of artemether and dihydroar-
temisinin in a healthy subject after taking 100 mg artemether orally. 

DISCUSSION 

Until recently artemisinin and its related compounds 
were very difficult to assay in body fluids (11). Adequate 
sensitivity and acceptable reproducibility of reversed-
phase HPLC with reductive electrochemical detection 
for the determination of ATM and DHA in human 
plasma has been described earlier in the literature (5,6, 
9,10). However, we felt that in view of the many poten-

intraassay precision) or under different conditions (from 
day-to-day or interassay precision) always <6%. For 
DHA the interassay and intraassay precision is <9%. The 
accuracy of the ATM assay expressed as the deviation 
from the expected concentration varies from - 1 % to 
6.4%. For DHA, the accuracy is somewhat less varying, 
from -9.5 to +2.6%. 

The precision over time is good for ATM and DHA 
with an interassay precision of <18% in 70 repetitive 
samples measured in a 3-month period. The accuracy 
varied from -0.6% to +7.6%. 

However one has to be cautious when referring to 
accuracy of DHA estimates. DHA is present in the 
sample in an unknown ratio of the two dihydroartemisi-
nin anomers. The influence on this ratio of different sol
vents and various conditions such as pH, temperature 
and, most importantly, differences in electrochemical be
havior between these two stereoisomers, are mostly un
known variables. The stereoisomers of DHA are two 
different compounds with different physical properties, 
e.g., showing different retention times because of differ
ent polarity. It is possible that this may result in a dif
ferent response with the ED. In fact, artemisinin and 
ATM show different responses despite having relatively 
similar structures with regard to the endoperoxide moi
ety. A proper interpretation of DHA chromatographic 
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tial and encountered difficulties, this methodology could 
only be used on a routine basis after the assay was rig
orously validated. During the validation procedures we 
used ATM and DHA as test substances. For validation 
purposes our assay was subjected to three blinded cross 
checks, two with ten samples spiked with either ATM or 
DHA and one with two other laboratories where the 
same ten samples after in vivo drug administration were 
assayed. In Figure 2 it can be seen that at least four 
different derivatives can be separated in the same chro-
matogram. Artemether is eluted much earlier than ar-
teether, indicating a considerable difference in polarity, 
which could have important kinetic implications. Our 
internal standard assays for the various artemisinin ana
logs went through a within-laboratory validation proce
dure for concentrations ranging from 5 to 220 ng/ml, 
which showed an overall precision of 9% and accuracy 
of 9.5%. Calibration curves with high correlation coef
ficients show the adequate linearity of the test procedure, 
which indicates that the test results are directly propor
tional to the concentration of analyte in the sample. The 
low intercept parameter argues against interfering peaks. 
A limit of quantification in the 5 to 10 ng/ml range was 
achieved for ATM and DHA. The precision of the arte
mether determination expressed as coefficient of varia
tion is under the same conditions (within one-day or 

results is only possible if this information is available. In 
our opinion these problems are seriously underestimated 
in the literature. Therefore one can define the precision 
of DHA estimations but hardly the accuracy. 

Compared to the assays of two other laboratories, our 
assay was further evaluated. Concordance between the 
results for concentrations higher than the detection limits 
of our laboratory and the other laboratories that used the 
same equipment and procedures was displayed by cor
relation coefficients ranging from 0.983 to 0.998. Fi
nally, the method was used in a study in healthy subjects 
providing pharmacokinetic results that were reproducible 
and matching with similar methods. This illustrates that 
the assay can be applied in clinical pharmacokinetic 
studies. Drawbacks of the method are the necessary thor
ough deoxygenation of the samples and the mobile phase 
and an electrochemical detector that is expensive and 
difficult to operate. 

The use of artemisinin and derivatives for the treat
ment of malaria is already extensive but will further rise 
in the near future (12,13). Pharmacokinetic studies are 
necessary to detect interindividual differences, to under
stand concentration-effect relationships in this new 
group of drugs and to predict optimal dosing regimens 
(14). Recurrent problems with the equipment can slow 
progress with the determinations. However, this new 

Ther DruK Moral, Vol. 20, No. 1. IV9H 
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technique has enabled us to conduct kinetic studies with 
these very interesting antimalarials. Reports of studies in 
which we applied our methodologies to questions con
cerning the pharmacokinetics of Qinghaosu-derived 
compounds, both in healthy subjects and patients with 
falciparum malaria have been published (4,15-17), and 
from this experience we consider HPLC-ED an appro
priate determination technique to estimate concentrations 
of artemisinin derivatives for the study of the pharmaco
kinetics of these compounds in man. 
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Abstract. We have produced monoclonal antibodies against artelinic acid and investigated the reactivity with 
artemisinin drugs and metabolites. Antibody F170-10 is fairly specific for artelinic acid but does bind artcmisinin 
and artemether (3-5% cross-reactivity). Dihydroartemisinin, artesunate, and metabolites of artcmisinin showed less 
reactivity. With this antibody, an inhibition ELISA has been set up to detect artcmisinin compounds in urine. In 
healthy subjects who received a single oral dose of artemisinin, artemether, artesunate or dihydroartemisinin, ELISA 
reactivity in urine was found. This reactivity in urine paralleled the plasma concentrations of artemether and 
dihydroartemisinin. The results show that this immunoassay for artelinic acid can be used to detect artcmisinin 
compounds in urine for about 8 hr after intake. With a more sensitive test, this simple method as a urine dipstick 
may be become useful for drug use and compliance studies in malaria-endemic areas where the artemisinin deriv
atives are increasingly used. 

Drug-resistant Plasmodium falciparum is a still increasing 
problem in malaria control. In Southeast Asia, it has reached 
such proportions that use of the latest antimalarial drugs, 
e.g., artemisinin-derived drugs, is required to treat severe 
malaria. Fortunately the situation in Africa, which has the 
bulk of the world malaria cases, is less problematic with 
regard to the number of antimalarial drugs that still can be 
used. However, the impact of the still-increasing chloroquine 
resistance will be substantial as replacement of chloroquine 
by more expensive drugs will impose severe constraints on 

temether, dihydroancmisinin, and artesunate were given to 
two volunteers. In an additional study, artemether was ad
ministered to another six volunteers in whom plasma levels 
of artemether and dihydroartemisinin were monitored and 
compared with the immunoassay results in urine over an 8-
hr period after drug intake. 

MATERIALS A N D M E T H O D S 

Monoclonal antibodies against artelinic acid. Monoclo-
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the health budgets of those countries with low economic 
wealth.1 Early treatment is important to decrease malaria 
mortality, since even the most effective drugs cannot prevent 
an unacceptable high mortality of 20% in severe malaria.2'3 

Self-treatment is common in malaria-endemic areas where 
the amount of antimalarial drugs sold in shops and in the 
markets exceeds that used through the official health chan
nels.43 People often have already taken antimalarial drugs 
before presenting themselves at a health center. Uncontrolled 
use of antimalarial drugs will favor the emergence of drug-
resistant strains through selection of less susceptible para
sites. There are indications that due to the increasing chlo-
roquine resistance, malaria morbidity and hospitalizations 
are increasing.6 

Although only recently introduced, artemisinin com
pounds can already be freely purchased in many malaria-
endemic areas, despite the fact that many of these drugs are 
still in the process of official registration. The artemisinin-
derived agents have to be taken for at least 5 days to limit 
the recrudescence rate when they are not combined with oth
er antimalarials.7-8 Since these drugs act quickly, it is likely 
that often the full course may not be taken. 

No simple methods are available for detection of intake 
of artemisinin derivatives, which can be used to monitor 
compliance and to investigate self-treatment. Various meth
ods have been described to measure artemisinin compounds 
in biologic fluids, but all of these methods require the use 
of sophisticated equipment.' In this study, we have investi
gated whether monoclonal antibodies produced against ar-
telinic acid could be used to demonstrate intake of artemi
sinin drugs by detecting these drugs or their metabolites in 
urine. For this purpose, single oral doses of artemisinin, ar-

nal anybodies against artellnic acid were produced by estab
lished procedures.10 The experiments were done in mice ac
cording to the guidelines of the Dutch Law for Animal Ex
periments. Briefly, BALB/c mice were immunized with a 
bovine serum albumin (BSA)-artelinic acid conjugate pre
pared by coupling artelinic acid to BSA using the carbodi-
imide method." A similar method was used to prepare a 
horseradish peroxidase—artelinic acid conjugate. Mice were 
immunized with 25 ixg of immunogen intraperitoneally using 
Freund's complete adjuvant and were given a booster im
munization intraperitoneal ly with Freund's incomplete ad
juvant. The mice were then given a booster immunization 
intravenously with the immunogen dissolved in phosphate-
buffered saline (PBS) 4 days before the mice were killed. 
Spleen cells were fused with NS1 cells and the fusion mix
ture was divided over ten 96-well culture plates. After 12 
days, the hybridoma culture supernatants were screened by 
an ELISA for the presence of specific antibody. A polymeric 
coating antigen was used in the ELISA in which the ally 1-
amine amide of artelinic acid was copolymerized with ac-
rylamide. 

An inhibition assay was performed concurrently using a 
high concentration of artemisinin (50 u,g/ml). Those hybrid-
omas were selected that produced antibodies that showed 
good reactivity with the coating antigen and full inhibition 
in the presence of artemisinin. After three recloning steps, 
the hybridomas were injected intraperitoneally into the mice 
for production of ascites. Twelve F170 monoclonal antibod
ies against artelinic acid were obtained. 

Cross-reactivity of monoclonal antibodies to artelinic 
acid. Test solutions of artemisinin derivatives and metabo
lites were made from stock solutions in methanol. From 
these stock solutions, 10-fold serial dilutions in PBS were 
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FIGURE 1. Structures of artemisinin drugs and the artelinic acid-
immunogen used for production of monoclonal antibodies. BSA = 
bovine serum albumin. 

made. Arteether and artelinic acid were provided by Arteccf 
BV (Maarssen, The Netherlands). Artemethcr and dihydroar-
temisinin were obtained from Novartis (Basel, Switz.crlnnd). 
Dihydroartemisinin, dcoxyartemisinin, 3-hydroxy-dcoxyar-
temisinin, and the furano-acetate melabolite of artemisinin 
were derived from artemisinin using published proce
dures.12'13 

Enzyme-linked immunosorbent nssny p rocedure . 
Polystyrene microtiter plates (Costar radioimmunoassay, 
Corning Costar Europe, Badhoevedorp, The Netherlands) 
were coated with 100 u.1 of a 1:10,000 dilution of mono
clonal antibody F170-10 in PBS for 3 hr at room temper
ature. Plates were washed twice (2 min/wash) with PBS/ 
0.05% Tween-20 (PBS/Tween). Plates were used directly 
or stored at -20°C. Fifty microliters of a series of 10-fold 
dilutions of the artemisinin compounds in PBS were added 
to the wells of a microtiter plate. Hereafter, 50 pi of a 1 : 
20,000 dilution in 1% BSA/PBS/Twccn-20 of a horseradish 
peroxidase conjugate of artelinic acid was added. The plate 
was then incubated for 1 hr at room temperature. After 
washing the plate with PBS/Tween, 100 u.1 of a substrate 
solution (0.4 mg/ml of tctramethylbcnzidine in 0.1 M phos
phate/acetate buffer, pH 4.0, containing 0.4 mg/ml of urea 
peroxide) was added to all wells of the plate. After incu
bation for 30 min in the dark, 50 u.1 of IM sulfuric acid 
was added. The color (optical density) was measured at 450 
and 540 nm. 

Studies in healthy subjects. The study protocol was ap
proved by the Ethical Review Board of the Academic Med-
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FIGURE 2. Cross-reactivity curves of monoclonal antibody F170-10 with artelinic acid, arteniisinin, dihydroartemisinin, artemether, and 
artesunic acid. Results are shown as relative color change in % optical density (O.D.) of the control (the uninhibited reaction when no drug 
was present). Conc = concentration. 
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FIGURE 3. Structures of the artemisinin metabolites dcoxyartemisinin, 4-hydroxydcoxyartcmisinin, and furano-acctatc metabolite. 

61 
ical Centre, Amsterdam and written informed consent was 
obtained from each subject before inclusion. Results of a 
physical examination and routine blood and urine examina
tions had to show no abnormalities before an individual 
could participate. Medications for the volunteer studies were 
obtained from the following sources. Artemisinin, 250 mg 
capsules, were obtained from Mekophar (Ho Chi Minh City, 
Vietnam). Artemether, 50 mg tablets (Artenam®), were ob
tained from Arenco (Geel, Belgium). Artesunate, 50 mg tab
lets, were obtained from the Atlantic Pharmaceutical Co., 
Ltd. (Bangkok, Thailand). Dihydroartemisinin, 20 mg tablets 
(Cotecxin®), were obtained from Cotec New Technology 
Corp. (Beijing, China). The chemical structures are shown 
in Figure 1. 

Two healthy subjects (coauthors of this paper [TAE and 
MAvA]) received single oral doses of 500 mg of artemisinin, 
100 mg of artemether, 120 mg of dihydroartemisinin, and 
100 mg of artesunate on four different occasions. The vari
ous artemisinin drugs were taken at an interval of at least 
one week. Urine samples were collected at regular intervals 

Six other healthy subjects (all students) with a mean age 
of 26.8 years (range = 23-35), a mean weight of 75.2 kg 
(range = 65-90), and a mean height of 1.81 m (mean = 
1.67-1.90) and a mean plasma creatinine concentration of 
68.7 u,mol/L (range = 62-81) were given a single oral dose 
of 100 mg of artemether. Blood samples were taken before 
drug intake and at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.5, 
3, 3.5, 4, 5, 6, 7, and 8 hr after drug intake for pharmaco
kinetic analysis of artemether and the metabolite dihydroar
temisinin. Drug and metabolite concentrations were mea
sured by high-performance liquid chromatography (HPLC) 
with electrochemical detection.14 Urine samples were col
lected as often as possible and hereafter tested using a sim
ilar ELISA procedure as described above for the cross-re
activity studies. Urine samples were diluted two-fold and 
four-fold with PBS. Duplicate test samples were mixed with 
50 u,l of a series of two-fold diluted calibration samples 
starting with 1 u,g/ml of artemether and 10 u,g/ml of dihy
droartemisinin on each plate. Results were either expressed 



between 0 and 12 hr after drug intake while adequate fluid 
intake was ensured. 

as the percentage extinction (percentage color) relative to the 
control (no drug present) or calculated as arbitrary units 
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FIGURE 4. Cross-reactivity curves of monoclonal antibody F170-10 with artemisinin and artemisinin metabolites deoxyartcmisinin, 4-
hydroxydeoxyartemisinin and the furano-acetate metabolite of artemisinin. O.D. = optical density; Cone = concentration. 
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FIGURE 6. ELISA reactivity of urine samples of 6 volunteers after intake of a single oral dose of 100 rng of artemcthcr, expressed 
as arbitrary units (A.U.) = [drug]/[creatinine]u,lnE, where [drug]„|„e is based upon artemether calibration curves corrected for diuresis. 
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based on a calibration series of two-fold dilutions of a 1 u,g/ 
ml solution of artemether. 

RESULTS 

Cross-reactivity studies. All monoclonal antibodies pro
duced against artelinic acid were tested for reactivity with 
other artemisinin compounds. Monoclonal antibody F170-10 
showed the most promising results and has therefore been 
used in further studies. This monoclonal antibody resulted 
in 50% inhibition under optimal conditions with concentra
tions artelinic acid of approximately 1 ng/ml. The results of 
the cross-reactivity studies of antibody F170-10 to artelinic 
acid with different artemisinin derivatives is shown in Figure 
2. Antibody Fl70-10 is fairly specific for artelinic acid but 
reacts, be it to a lesser extent, with the other artemisinin 
compounds. Artemether, arteether (not shown in Figure 2), 
and artemisinin showed 3-5% cross-reactivity compared 
with artelinic acid. The reactivity with dihydroartemisinin 
and artesunate was much lower. The 50% inhibition concen
tration for artemether and dihydroartemisinin were on the 
order of 30 ng/ml and 300 ng/ml, respectively. Results of 
the testing of several known metabolites of artemisinin, 
deoxyartemisinin, 3-hydroxy-deoxyartemisinin, and the fur-
ano-acetate metabolite (chemical structures in Figure 3) are 
shown in Figure 4. These results show low cross-reactivity 
with artelinic acid compared with artemisinin. 

Studies in healthy subjects. The results of the tested 
urine samples collected from the two coauthors after sub

sequent intake of artemisinin, artemether, dihydroartemisi
nin, and artesunate are shown in Figure 5. Despite the fact 
that 500 mg of artemisinin was given compared with 100 
mg of the other drugs, less reactivity (inhibition) was seen 
in urine samples collected after intake of artemisinin than 
with the other drugs. When the same volunteer took a second 
dose of artemisinin after a wash-out period of two weeks, 
comparable results were obtained. Similar reactivity patterns 
were found upon testing the urine samples in both subjects 
after administration of the same series of artemisinin drugs. 

The results obtained in the pharmacokinetic study in six 
healthy subjects to whom a single oral dose of 100 mg of 
artemether had been given are shown in Figures 6 and 7. 
These results are expressed as arbitrary units using a cali
bration series of artemether concentrations. Each result of 
the spectrophotometer was divided by the urinary creatinine 
concentration in that urine sample to correct for the variation 
in the time interval between urine collections and volume of 
each urine portion. This way the results were comparable 
within one subject and between subjects assuming a constant 
and similar creatinine clearance in the 6 subjects. 

The results of the urine samples of all volunteers are 
shown in Figure 6. They show that a peak reactivity is 
reached after 2-5 hr and that the reactivity is almost neg
ligible after 8 hr. The results of the urine reactivity to
gether with the plasma artemether and dihydroartemisinin 
concentrations are shown for two of the volunteers in Fig
ure 7. In this plot the urine results are placed at the lime 
corresponding to the midpoint of the collection period. 
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The reactivity found in the urine samples paralleled the 
course of the plasma concentrations of artemether and dih-
ydroartemisinin. As expected, a linear relationship was 
found between the urinary excretion rate and the plasma 
concentrations of the drug. The sharp increase and de
crease versus the plateau in plasma concentrations of ar

temether and dihydroartemisinin that can be seen in vol
unteers A and B, respectively, are closely followed by the 
excretion in urine. A selected number of urine samples 
were also analyzed by HPLC. Artemether was not detect
ed in any of the urine samples and only small amounts of 
dihydroartemisinin were detectable 
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DISCUSSION 

Assays in urine dipstick formats have been developed for 
a range of antimalarial drugs, e.g., chloroquine, quinine, mef
loquine, sulfadoxine, pyrimethamine, dapsone, and proguan-
il, based upon immunochemical techniques.15"1 We now ex
tended this experience to the artcmisinin drugs since there 
arc no simple tests currently available for these group of 
antimalarial drugs. Such tests, preferably in a dipstick for
mat, could be used in drug compliance and pharmaco-cpi-
dcmiology studies."1 

Antibodies against artemisinin compounds have been pro
duced by several groups using artcsunate and the carboxy-
methyl derivative of dihydroartemisinin.9-,7_l9 These antisera 
showed high cross-reactivity with other artemisinin deriva
tives. In this study, we described the production of mono
clonal antibodies produced against artelinic acid. Using these 
antibodies, we developed a highly sensitive test for artelinic 
acid. We have investigated whether these antibodies can also 
be used to detect artemisinin compounds (or metabolites) in 
urine after intake of artemisinin drugs. We found that the 
antibodies against artelinic acid do cross-react with other 
artemisinin drugs but not to a very high extent. Other in
vestigators using polyclonal antibodies against other conju
gates from dihydroartemisinin reported high cross-reactivity 
with other artemisinin derivatives.18 From cross-reactivity 
studies with known artemisinin metabolites as shown in Fig
ure 4, it appeared that immune reactivity of the antibody 
requires the presence of an intact peroxide bridge. This con
firms earlier observations by another group." On the other 
hand, the low reactivity of the antibody with dihydroartem-

study, it was clear that no artemether is excreted into the 
urine and that only very low concentrations of dihydroartem
isinin (< 20 ng/ml) were present in the urine. Dihydroartem
isinin is produced from all four investigated artemisinin 
compounds studied, although in case of artemisinin this may 
be only to a very minor extent. The concentrations dihy
droartemisinin in urine after intake of artemether were such 
that these could never account for the reactivity (inhibition) 
seen in the ELISA. Therefore, the ELISA reactivity found 
in the urine samples cannot be explained on basis of the 
presence of artemether or dihydroartemisinin or other un
changed drugs in the urine. The reactivity is cither caused 
by high concentrations of low cross-reacting compounds, 
such as metabolites without an intact peroxide bridge, or due 
to unknown metabolites. 

In studies with mice, it has been shown that only a small 
amount (< 1%) of radiolabeled dihydroartemisinin was ex
creted into the urine, but a considerable amount was excreted 
into the bile in the form of glucuronides.20 No mention has 
been made of glucuronide metabolites of dihydroartemisinin 
in humans. However, the presence of these metabolites may 
very well explain the results obtained in this study. The test 
for artelinic acid can be used to delect artemisinin com
pounds in urine for about 8 hr after intake. Willi a more 
sensitive test this may be extended and become more useful 
for drug use studies with artemisinin derivatives. When ar
telinic acid is introduced as a new antimalarial drug, being 
more stable with a moie favorable pharmacokinetic and tox
icologic profile than the current analogs, it is evident that 
the value of this assay will improve.21 
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isinin and artesunate in comparison with artemether and ar-
teether is not readily explained. In our immunogcn, we have 
a different linker ( /7-hydroxymethylbenzoate) at the 11- po
sition of the dihydroartemisinin molecule, and the carrier 
protein and part of this linker may be involved in optimal 
recognition. 

We have attempted to enhance the sensitivity of the assay 
through affinity manipulat ion by using other peroxidase-ar-
temisinin conjugates. Artesunate and the carboxymethyl de
rivative of dihydroartemisinin were coupled to peroxidase. 
However, little improvement of the sensitivity was obtained, 
and more importantly, these conjugates were vary labile in 
our hands. Using the artelinic acid-peroxidase conjugate, we 
showed that the reactivity with artemether and artemisinin 
was such that it was feasible to detect these drugs in urine. 
T h e structures of several metaboli tes of artemisinin have 
been elucidated. However, there are no reports about con
centrations of these drugs and their metaboli tes in urine. Al
though it is thought that artemisinin drugs are extensively 
metabol ized by the liver, this study shows that some degra
dation product of this group of drugs is excreted via the 
urine. The urine concentrat ions of artemisinin compounds 
(e.g., inhibition) that were found after intake of artemether 
followed a similar t ime-course as the plasma artemether and 
dihydroartemisinin concentrat ions. Simultaneous with a peak 
in the p lasma drug concentration, a peak in urine reactivity 
was observed and after 8 hr, when hardly any artemether or 
dihydroar temisinin was detected in the blood, the reactivity 
in the E L I S A was also very low. Based on H P L C analysis 
of selected urine samples with peak ELISA reactivity in our 
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SOME PHARMACOKINETIC AND DYNAMIC 
COMPARISONS OF ARTEMISININ 

DERIVATIVES IN MAN 

C . J . V A N B O X T E L 1 , M . A . V A N A G T M A E L 1 - 2 , P.J. D E V R I E S 2 , 

T R A N K H A C D I E N 1 3 , K - P . K O O P M A N S 1 A N D P . A . K A G E R 2 

Abstract: Artemisinin, arteether, artesunate, artemether and dihydroartemisinin were investigated in Caucasian 
and in Asian subjects primarily with respect to their pharmacokinetic behavior. A rigorously validated reversed-
phase HPLC method combined with reductive electrochemical detection was used by us for the determination of 
these antimalarials in healthy individuals but also in patients with non-severe falciparum malaria. Single dose 
and multiple dosing regimens were investigated as well as the effects of food intake. All derivatives showed short 
elimination halflives apart from arteether with an average t1/2 of approximately 24 h. It appeared that absorption, 
i.m. for arteether, orally for artemether and orally or rectally for artemisinin is incomplete but still results in 
effective parasite killing concentrations. Effects of food intake are limited. However, rectal absorption is 
unpredictable. We found no arguments for the believe that the presumably very low bioavailability is caused by 
a first pass metabolism. 

Higher concentrations during co-administration of either quinidine or omeprazole strongly suggest that a drug 
is metabolized by respectively CYP2D6 or CYP2C19. Such studies with artemether indicated that its metabolism 
is not subject to the genetic polymorphism for the enzymes CYP2D6 or CYP2C19 to a clinically important degree. 
Key words: Artemisin analog, HPLC, Electrochemical detection, Pharmacokinetics, Drug comparison, Dynamics 



INTRODUCTION 

Artemisinin is isolated from the herb Artemisia annua. 
For many years Artemisia extracts have been used in tra
ditional Chinese Medicine for fever, hemorrhoids and 
many other diseases. Relatively recently it was found to 
possess anti-plasmodial activity and appeared to be suc
cessful in the treatment of human malaria. Emerging 
resistance and problematic side-effects of known anti
malarial drugs have stimulated an intensive search for 
new therapies. 

Artemisinin has a peculiar three-ring structure with a 
peroxide bridge in one of the rings. It has been shown 

that the anti-malarial activity depends on this peroxide 
configuration. By substitutions at the position where 
artemisinin has a double-bonded oxygen semi-synthetic 
derivatives such as artemether, the ß-ethyl ether analog 
arteether and the salt artesunate have been developed, 
permitting parenteral administration. They now consti
tute a new class of potent antimalarial drugs. Some of 
these compounds are already used for many years in 
areas with endemic malaria, mainly in Asia. Previous 
studies in China and Vietnam have shown that 
artemisinin, which is widely used in China, quickly 
reduces parasitemia in acute falciparum malaria 
(Klayman, 1985; Hien and White, 1993; Sy et ai, 1993). 
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The drug is metabolized to dihydro-artemisinin, which 
may also have anti-malarial activity. Dosage regimens 
have up to the present been largely determined empiri
cally. During a 1992 WHO conference relating to the 
pharmacological implications of the introduction and 
use of artemisia products in Vietnam, it was emphasized 
that efforts should be made to develop robust analytical 
methods, that monitoring should be made mandatory for 
pharmacological and idiosyncratic toxicity in ambula
tory patients being treated with these analogues and that 
there was a need for the development and implementa
tion of effective strategies to insure that control measures 
are used properly in order for these drugs to remain 
effective. Unfortunately, little pharmacokinetic data are 
available to aid the development of rational dosage regi
mens, because studies were hampered by the absence of 
a reliable technique for measuring the concentration of 
artemisinin (Zhao, 1987, de Vries and Tran, 1996). The 
development of selective analytical methods for the 
determination of artemisinin and its analogues and 
metabolites in biological fluids poses challenging prob
lems. All are thermally labile, lack UV absorbance or flu
orescent chromophores and do not possess functional 
groups for derivatization. 

The aim of one of the studies was to investigate the 
effects of food intake on the pharmacokinetics of arte
misinin. Food intake could, by its a influence on bioavail
ability, be a major determinant of the duration of action. 
Apart from an influence on bioavailability, food intake 

severe falciparum malaria, in order to be able to develop 
formulations that can be used for treatment in areas with 
endemic malaria. 

For the enzymes CYP2D6 and CYP2C19, approxi
mately 5% of the Caucasian population have a poor 
metabolizer' (PM) phenotype. However, these percent
ages differ for different ethnic groups (Brosen, 1990). We 
studied the possible inhibition of artemether metabolism 
by using quinidine (an inhibitor of CYP2D6) and omepra
zole (an inhibitor of CYP2C19). Higher artemether con
centrations during co-administration of either quinidine 
or omeprazole will be a very strong indication that 
artemether is metabolized by either CYP2D6 or CYP2C1?. 

MATERIALS AND METHODS 

DRUG ASSAY 

For the determination of artemisinin and analogs a 
reversed-phase HPLC method using reductive electro
chemical detection was set up as previously published by 
Melendez et al. (Melendez et ai, 1991) with some rather 
important modifications. Instead of the BAS 200 liquid 
Chromatograph, a Spectroflow 400 liquid Chromatograph 
in combination with a Triathlon autoinjector coupled to 
an electrochemical detector (Decade) were used. The 
detector was operated in the reductive mode as a closed 
system under chromatography grade helium to exclude 
any access of oxygen. The Decade has a glassy carbon 
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also could influence the hepatic clearance by a stimula
tion of liver blood flow (de Vries et ai, 1994). Enzymatic 
metabolism is probably the most important route of elim
ination for artemisinin and its derivatives. Another factor 
of great importance is that in areas where these com
pounds are likely to be used, facilities for intravenous 
drug administration are often not available; oral arte
misinin is, therefore, likely to be administered as soon as 
possible to malaria patients in such areas. 

Artemisinin suppositories have been studied in clini
cal trials in Vietnam and China. The studies showed that 
artemisinin suppositories reduce parasitemia as rapidly 
as intravenous administration of quinine to patients with 
acute and severe falciparum malaria. Because of the con
venience of administration, proven efficacy and the lack 
of side effects, artemisinin suppositories have advantages 
for the early treatment of falciparum malaria and are 
expected to reduce morbidity and maybe also mortality 
associated with a high parasitemia. However, dose and 
dosage schedules of artemisinin suppositories have been 
decided on an arbitrary basis. It was, however, suggested 
that the absorption of artemisinin from suppositories was 
very poor and erratic (Zhao, 1987). We, therefore, 
designed a study to gain more insight into the pharmaco
kinetics of artemisinin suppositories in patients with non 

electrode and a reference Ag/AgCl electrode. Regular 
electropolishing and wiping of the glassy carbon elec
trode was performed. 

The glass materials that are used are silanised to mini
mize drug adsorption to glass. All chemicals and solvents 
used in the assay procedure are of analytical/chromato-
graphic grade. Chromatographic separations were ob
tained with a Versapack column: CN 10 |0.m, (300 x 4.6 
mm) 5 (J.m particle size, maintained at 30°C. The mobile 
phase consists of 60% acetoacetate buffer and 40% acetoni-
trile. The mobile phase was deoxygenated for at least 24 h 
before use and as this mobile phase is recirculated, the 
whole system will be deoxygenated. With minor changes 
in the mobile phase, the much less polar arteether or the 
p H sensitive artesunate can be determined in the same 
chromatogram together with artemisinin and dihy-
droartemisinin. Depending on the study, artemisinin or 
artemether were used as an internal standard. The chro-
matograms were recorded and analyzed with Kontron 
integrati on software. 

HEALTHY SUBJECTS 

The pharmacokinetics of artemisinin were studied in 
12 healthy male Vietnamese subjects. All subjects 
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recruited for the studies published here, healthy subjects 
as well as patients, had been subject to an informed con
sent procedure as published before (Duc et ai, 1994). The 
following inclusion criteria were used: age between 19 
and 39 years, normal weight and height and normal med
ical history and physical examination. It is worth men
tioning that the mean weight of the Asian subjects we 
studied was ± 70% of otherwise comparable Caucasian 
populations. 

To investigate the effects of food intake on the pharma
cokinetics of artemisinin, 6 healthy male Vietnamese sub
jects were recruited. Inclusion and exclusion criteria were 
the same as for the previous study as were the blood sam
pling and other procedures. 

Single and multiple dose regimens of arteether were 
studied in healthy Caucasian subjects. Seven healthy 
Caucasian subjects were studied for the possible influ
ence of genetic polymorphism for the enzymes CYP2D6 
or CYP2C19 on the metabolism of artemether and dihy-
dro-artemisinin. 

PATIENTS 

The pharmacokinetics of a single oral dose of 500 mg 
artemisinin administered as capsules was studied in 8 
adult male patients with uncomplicated falciparum 
malaria. Inclusion criteria encompassed a blood smear 
positive for Plasmodium falciparum and ranging from 
1000-50,000/mm3 without mixed infection with other 
Plasmodium species. 

intervals. A complete physical examination was repeated 
24 h after drug administration. 

After dosing, 10 blood samples were taken at 1, 1.5, 
2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0 and 24 h after each dose. 
From an indwelling i.v. catheter, 5ml blood was drawn 
into vacuum polystyrene rubes (Venoject II, Terumo) con
taining lithium heparinate. The blood samples were cen-
trifuged, immediately, transferred into polypropylene 
tubes and stored at -20°C. They were transported to 
Amsterdam in frozen condition and stored there at -30°C 
until analysis. 

For the food interaction study, 2 capsules of 250 mg 
artemisinin (ACF Pharmaceuticals) were administered 
after an overnight fast on two consecutive days, with and 
without food in a crossover design. The food consisted of 
a standard Vietnamese breakfast of warm rice soup with 
some vegetables and meat. Blood sampling and other 
procedures were the same as for the previous study. 
However, urine samples were also collected to estimate 
cumulative drug excretion. Three subjects received 
artemisinin without food on the first day, the other sub
jects were studied in the reversed order. 

For the study of the pharmacokinetics of a single oral 
dose of 500 mg artemisinin (2 capsules of 250 mg 
artemisinin, ACF Pharmaceuticals) in Vietnamese 
malaria patients, the patients were admitted to the 
malaria unit of the ICRTM in Hanoi. 

The artemisinin used in the single dose suppository 
study was formulated by Vinapha, Ho Chi Minh City, 
Vietnam, into suppositories containing 200 mg arte-
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To gain more insight into the pharmacokinetics of 
artemisinin suppositories, a s tudy was carried out in 8 
Vietnamese male patients with non severe falciparum 
malaria. 

Concentrations of artesunate and dihydro-artemisinin 
were followed in 6 Vietnamese patients with non severe 
falciparum malaria after a multiple oral dose regimen 
with artesunate tablets. Inclusion and exclusion criteria, 
the work up of the patients, blood sampling and the fol
low up of all the Vietnamese malaria patients were the 
same as for the study with artemisinin capsules. 

Multiple dose pharmacokinetics of artemether was 
investigated in 12 Chinese patients with a uncomplicated 
P. falciparum infection. 

EXPERIMENTAL DESIGN AND INTERVENTIONS 

For the single dose kinetic study in healthy Vietnamese 
subjects a blank blood sample was taken before a single 
oral dose of 2 capsules of 250 mg artemisinin (ACF 
Pharmaceuticals, Maarssen, The Netherlands) was admin
istered after an overnight fast. Subjective symptoms and 
vital signs (blood pressure, pulse rate, respiration rate, 
temperature) were recorded regularly, starting at hourly 

misinin. Quantitative analysis of this formulation was 
performed to ensure compliance with The Netherlands 
standards for content and purity. All patients received 600 
mg artemisinin rectally, i.e. 3 suppositories of 200 mg 
each. Patients did not defecate within 2 h. 

In the multiple dose study with artusenate, patients 
received, on the first day, 2 oral doses of 150 mg artusen
ate (Mediplantex, Medicinal Plant Company no. 1, 
Hanoi) followed by a single 100 mg dose every day for 4 
days. After the first dose, 14 blood samples were taken 
over a 6 day period. All the doses were preferably given 
on an empty stomach. 

Blood sampling and other procedures in the Viet
namese malaria patients were similar to those described 
for the study with artemisinin capsules in healthy subjects. 
At the end of the study periods with artemisinin or artuse
nate, patients received a curative dose of mefloquine 
(Lariam, Roche) of 15 mg/kg . 

In the multiple dose study with artemether, subjects 
received 80 mg of artemether orally at 0, 8, 24 and 48 h. 
Over that period, 21 blood samples were taken, i.e. 4-7 
data points per dosing interval. 

In a phase I study with arteether, multiple doses of 3.2 
m g / k g arteether on day 1 and 0.8 m g / k g on days 2-5 (5 
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subjects) or 3.2 mg/kg on day 1 and 1.6 mg/kg on days 
2-5 (5 subjects) were given. All drug administrations 
were i.m. For this purpose, arteether was formulated as a 
solution in sesame oil. All procedures have been pub
lished previously (Kager et ai, 1994). 

For the study of artemether dihydroartemisinin 
metabolism, the subjects received an oral dose of 100 mg 
artemether (Propharma NV, Geel, Belgium) 1 h after 50 
mg quinidine and 1 h after 40 mg omeprazole. After dos
ing, 11 blood samples were taken. 

MEASUREMENTS 

Blood examinations in the Vietnamese malaria 
patients included: haemoglobin, hematocrit, white blood 
cell count, platelet count, blood urea nitrogen, creatinine, 
glucose, bilirubin, serum transaminases, alkaline phos
phatase and hepatitis B surface antigen. These were per
formed at t = 0 and repeated at 48 h. Urine was examined 
for albumin, glucose, and sediment before the start of the 
study. An ECG was made before the start of the com
menced and at 4, 24, 48 h. Subjective symptoms were 
recorded regularly, starting at hourly intervals. The fol
lowing vital signs: temperature, blood pressure, pulse 
rate, respiratory rate and urine production were recorded 
at t = 0,1, 2,4, 8,12, 24, 36, 48 h after drug administration. 
Physical examination was repeated twice daily until dis
charge. Parasite counts were checked twice daily until 
two negative consecutive examinations were obtained 
(Giemsa stain, thick film, number of parasites per 400 

employed to describe arteether pharmacokinetics. All 
pharmacokinetic data were fitted to the appropriate equa
tions using a nonlinear regression computer program. 

STATISTICS 

Pair-wise comparisons were made with the Wilcoxon 
signed-ranks test for matched pairs. For comparisons of 
unpaired data the two sample Mest was used. Possible 
interactions of artemether and dihydro-artemisinin were 
evaluated with the one-way analysis of variance. 

RESULTS AND DISCUSSION 

DYNAMICS 

Studies in patients with malaria - in which dynamic 
effects of different artemisinin analogs on cure rates, 
fever clearance rates, parasite clearance rates or on para
meters for toxicity were compared - have so far, although 
different dosages were used, not revealed any clinically 
significant differences. Although physicochemical and 
kinetic distinctions could be of importance also in the 
studies summarized here, no differences with respect to 
efficacy or tolerance were observed. However, it should 
be emphatically stated that these studies were not 
designed for the detection of such dynamic differences. 

DRUG ASSAY 
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leukocytes). Blood sampling and other procedures were 
as described for the study with artemisinin capsules in 
healthy subjects. 

DATA ANALYSIS 

Pharmacokinetic parameters were estimated accord
ing to standard methodologies (Gibaldi and Perrier, 
1982). The elimination constant Kel was mostly calculated 
by log linear regression of the last 4 concentration time 
points. The area under the curve (AUC) was calculated 
by the trapezoidal rule with extrapolation to infinity. 
Clearance/F (Cl/F) was then calculated as dose/AUC. 
Distribution volume/F (Vd/F) was calculated as 
CL/F/Kel. A simple deconvolution approach was used to 
calculate absorption rates between successive plasma 
concentrations and the cumulative amount of drug 
absorbed. The concentration time curves of artemisinin, 
dihydro-artemisinin and artemether were also fitted to a 
one compartment model with a lagtime, in which Kel was 
entered as a constant. For the absorption phase, either a 
zero order model or a first order absorption model was 
used. A tri-exponential equation describing a two-com
partment open model with first order absorption was 

For the study of possible pharmacokinetic dissimilari
ties, our internal standard assays for the various 
artemisinin analogs went through a within laboratory 
validation procedure for concentrations between 15-250 
ng/ml which showed an intra-assay variability between 
7-9.5%. Sensitivities in the 5-10 ng/ml range were 
achieved. Our assay was introduced on a routine basis 
after 4 cross checks with artemether, 2 with 10 spiked 
samples and 2 with 10 samples after in vivo drug admin
istration, with 2 other laboratories. In these cross checks, 
evaluations of the dihydro-artemisinin determinations 
were also incorporated. Concordance between the results 
for concentrations above the detection limits of our labo
ratory and the other laboratory that used the same equip
ment and procedures was displayed by correlation 
coefficients between 0.983-0.998. 

SINGLE ORAL DOSE OF ARTEMISININ IN HEALTHY 

VIETNAMESE SUBJECTS 

In this study, the concentration time curves were fitted 
to a one compartment first order elimination model with 
a lagtime. Pharmacokinetic calculations gave the follow
ing results: a mean (± SD) Vd/F of 19.4 ± 6.9 1/kg, a mean 
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(± SD) absorption halflife of 0.58 ± 0.54 h with a mean (± 
SD) calculated maximum concentration of 391 ± 147 
ng/ml, occurring at 1.81 ± 0.73 h after drug intake. 
Elimination was rapid with a mean (± SD) halflife of 2.59 
± 0.55 h. No information about the actual Vd or CI was 
obtained because of the uncertainty with respect to the 
probably very low bioavailability and the lack of an i.v. 
formulation of artemisinin. It was concluded that absorp
tion of orally administered artemisinin is incomplete, 
although a first-pass effect could not be excluded. 
However, the rather uniform elimination could be an 
argument against such first-pass metabolism. In any 
case, effective parasite killing concentrations were 
obtained with this dose in healthy subjects. 

an elimination halflife of 3.1 ± 2.1 h. The deconvolution 
method revealed that two different absorption profiles 
could exist: one pattern was apparently first order, and 
the other zero order. Most curves showed a lagtime. The 
large Vd/F ratio is in agreement with a very low value 
for F, i.e. a very low bioavailability. In this study, it was 
shown that absorption of artemisinin from suppositories 
was very poor and erratic. However, despite a low 
bioavailability the time for 90% parasite clearance to 
occur was 36 h, also fever clearance time was 36 h and 
with these 600 mg artemisinin suppositories plasma con
centrations remained above the in vitro MIC of P. falci
parum for 12 h. These results suggest that oral artemisinin 
is dosed too high. 

FOOD INTERACTION STUDY IN HEALTHY VIETNAMESE 

SUBJECTS 

The mean (± SD) amount of unchanged artemisinin 
excreted in urine was very low: 0.071 ± 0.053 mg with 
food and 0.033 ± 0.023 mg without food. No statistically 
significant differences were observed in the parameters 
of the two experimental conditions. There was, however, 
a rather wide interindividual difference in the influence 
of food on the pharmacokinetic parameters. Because we 
did not find differences in the pharmacokinetics of arte
misinin after food (which can be expected to influence 
liver blood flow), while on the basis of its low urinary 
excretion it seems very likely that artemisinin is elimi
nated by liver metabolism, liver blood flow is probably 

MULTIPLE ORAL DOSE STUDY WITH ARTUSENATE IN 

VIETNAMESE MALARIA PATIENTS 

After oral administration of artusenate, only dihydro-
artemisinin was detected in plasma. These results con
firm the findings published by others (Benakis et ai, 1993; 
Batty et ai, 1996). 

MULTIPLE ORAL DOSE STUDY WITH ARTEMETHER IN 

CHINESE MALARIA PATIENTS 

The data were fitted to an open one-compartment 
multiple dose model. In general, good fits and correlation 
coefficients (mean r = 0.94, SD = 0.003) were obtained for 
the fitting procedure indicating that the model was 
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nota rate-limiting factor (de Vries et al, 1994). Artemisinin 
is, therefore, probably a so-called low-clearance drug. 

SINGLE O R A L DOSE OF ARTEMISININ IN VIETNAMESE 

MALARIA PATIENTS 

Also in patients with non-sever falciparum malaria, 
effective parasite killing concentrations were reached 
after a single oral dose of artemisinin. The pharmacoki
netic parameters after single oral doses of artemisinin as 
found in these malaria patients without concomitant dis
ease showed no substantial differences from those found 
in healthy Vietnamese subjects. Dihydroartemisinin could 
be demonstrated in these malaria patients but the levels 
were generally lower than those of artemisinin itself. 

SINGLE DOSE ARTEMISININ SUPPOSITORY STUDY IN 

VIETNAMESE MALARIA PATIENTS 

In this study, the following kinetic parameter esti
mates (mean ± SD) were found: V d / F 80.8 ± 61.9 1/kg, 
absorption time for, respectively, 50% and 90% of the 
dose 3.4 ± '1.8 h and 6.5 ±3.0 h, calculated maximum con
centration 105.3 ± 60.1 n g / m l occurring at 7.2 ± 3.9 h, and 

acceptable for the estimation of PK-parameters. Cmax 

(mean, ± SD) for the first dose was 169 ± 104 n g / m l . For 
t ] /2 beta we found (mean, ± SD) 1.28 ± 0.55 h. The PK-
parameter estimates for the active metabolite dihydro
artemisinin were similar as those for artemether. It was 
concluded that artemether reaches relatively high peak-
levels in a short time and that also this analog is rapidly 
eliminated. The parameters Vd/f, AUC and Cmax of 
artemether showed remarkable inter- but also intra-sub-
ject variability. We feel that the most reasonable explana
tion for this variability is variation of the amount of 
artemether that is absorbed from different tablets. 

PHASE I STUDY WITH ARTEETHER IN HEALTHY CAUCASIAN 

SUBJECTS 

For calculation of the pharmacokinetic parameters 
concentrations were fitted to an open-two compartment 
multiple dose model without a lagtime. The kinetic para
meters (mean, ± SD) found for the two multiple dose reg
imens were: t, /2 alpha 3.40 ± 4.60 h, t, /2 beta 21.33 ± 9.34 h, 
V d / F 1560.1 ± 1100.4 1 and C l / F 52.6 ± 43.6 1/h. The dis
tribution and elimination rates as found by us corre
sponded with those published for the dog (Benakis et ai, 
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1991). Of course the most striking observation with 
respect to the kinetic behavior of arteether is the very 
long elimination halflife which is at least 10-fold longer 
than those of artemisinin and artemether. This could be 
explained by the fact that arteether is considerably less 
polar than the two other compounds. An important 
argument in support of the conclusion that indeed we are 
dealing with very slow elimination is the fact that we 
saw that during the 3.2, 1.6, 1.6,1.6, 1.6 m g / k g dose regi
men, arteether accumulated and that a good description 
of this accumulation curve was obtained with an open-
two compartment multiple dose model. 

STUDY OF ARTEMETHER AND DIHYDROARTEMISININ 

METABOLISM IN HEALTHY CAUCASIAN SUBJECTS 

Artemether and dihydro-artemisinin concentrations 
were fitted to a open-one compartment model. The fol
lowing parameters were calculated: AUC, clearance, Vd 
and half-life. No significant differences for these parame
ters were found after administration of quinidine or 
omeprazole. These results make it unlikely that arte
mether metabolism or the metabolism of dihydro-
artemisin is subject to a genetic polymorphism for the 
enzymes CYP2D6 or CYP2C19 to a clinically important 
degree and that inter-ethnic differences could be expected 
on the basis of the polymorphism of these enzymes. 

Trans. R. Soc. Trop. Med. Hyg., 88 (Suppl 1), 53-55 
9) Klayman, D.L. (1985): Qinghaosu (artemisinin): an antimalana 

drug from China. Science, 228, 1049-1055 
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with oral artemisinin. Am. J. Trop. Med. Hyg., 48, 398-402 
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Abstract 

Multiple dose pharmacokinetics of artemether and dihydroartemisinin were investigated in chinese patients treated for malaria. 
They received over 2 days either 4 x 80 mg artemether orally (« = 48) or 4 x 80-480 mg co-artemether (n = 40), a combination 
of artemether and lumefantrine (benflumetol). Lag time = 0.48 h (mean), Cmax after first dose = 157 ng/ml, rmax = 1.73 h and 
elimination half-life = 1.16 h. The lag and absorption times were 0.5 h longer for co-artemether compared with artemether. 
Dihydroartemisinin paralleled artemether pharmacokinetics. Artemether Cmax after the last dose was one-third of the Cmax after 
the first dose while, inversely, dihydroartemisinin Cmax increased over time. We suggest that auto-induction of gut mucosa 
enzymes and/or liver enzymes causes a time-dependent increase in first-pass metabolisation of artemether. © 1999 Elsevier Science 
B.V. and International Society of Chemotherapy. All rights reserved. 

Keywords: Artemether; Pharmacokinetics; Auto-induction; Malaria; Benflumetol, Lumefantrine 



90 

1. Introduction 

Artemether, a semi-synthetic derivative of artemisinin 
(Qinghaosu) extracted from the plant Artemisia annua, 
has proved to be a safe and effective treatment for 
uncomplicated, severe and multidrug-resistant malaria 
[1,2]. Artemether shows rapid anti-malarial activity, but 
like the related anti-parasitic compounds artemisinin, 
artesunate and arteether, a high rate of recrudescence 
of infection is often associated with short course 
monotherapy [3]. In order to ensure a clinical cure rate 
above 90% for non-severe malaria, therapeutic drug 
concentrations need to be maintained for at least three 
life cycles of Plasmodium falciparum [4]. This means 
that a 5- to 7-day course of artemether may be neces
sary [5], which can be difficult to achieve in patients 

•Corresponding author. Tel.: +31-20-5665780; fax: + 31-20-

6965976. 
E-mail address: cvboxtel@xs4all.nl (C.J. van Boxtel) 

from areas where the disease is endemic and compliance 
is low. However, similar cure rates can be achieved with 
shorter treatment duration by combining artemether 
with a long-acting anti-malarial drug [6,7]. One such 
drug is lumefantrine or benflumetol, a novel synthetic 
anti-malarial developed by the Academy of Military 
Medical Sciences in Beijing and registered in China in 
1992. Lumefantrine is a fluorene derivative belonging to 
the aminoalcohol class like mefloquine and halo-
fantrine. It acts slowly with a median absorption half-
life of 5.3 h, a fmax of 10 h and a terminal elimination 
half-life of 4.5 days in patients [8]. With a mean 50% 
inhibitory concentration of 11.9 nmol/1 lumefantrine 
exhibits high in vitro activity against chloroquine-sensi-
tive and -resistant P. falciparum isolates, comparable 
with that of mefloquine [9]. In clinical studies lume
fantrine is associated with a high cure rate even when 
given as monotherapy (R. Mull, data in preparation). A 
fast parasite clearance and 28 day cure rates of 82-98% 
(depending on the dosing regimen) have been reported 
in clinical trials with a fixed-combination tablet of 

0924-8579/99/$ - see front matter © 1999 Elsevier Science B.V. and International Society of Chemotherapy. All rights reserved. 
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artemether and lumefantrine (co-artemether, CGP 
56697 or Riamet™) [7,10,11]. 

The optimal dosing regimen for many artemisinin 
derivatives is still not well-defined. Pharmacokinetic 
studies can be a useful tool in obtaining more insight 
into the optimalisation of a treatment regimen. The 
objectives of this study were to investigate multiple dose 
pharmacokinetics of artemether in chinese patients with 
uncomplicated malaria due to P. falciparum infection. 
We further evaluated the influence of lumefantrine on 
the pharmacokinetics of artemether by comparing 
artemether with co-artemether tablets. 

2. Patients and methods 

2.1. Setting 

In a randomised, double-blind, single-centre trial in a 
hospital on the island of Hainan, China, the anti-malar
ial efficacy and tolerability of co-artemether was com
pared with its individual components, artemether and 
lumefantrine, in patients with naturally acquired P. 
falciparum infection. This study focuses on the pharma
cokinetic properties of artemether and its demethylated 
metabolite dihydroartemisinin. 

tories in Beijing and Amsterdam was by thermocon
tainer containing dry ice. Artemether and dihydro
artemisinin concentrations were measured by reversed-
phase HPLC with electrochemical detection [12]. 

2.4. Pharmacokinetic study 

Extensive pharmacokinetic analysis was carried out 
on the first 12 patients in each treatment group. Samples 
were taken at: 0.5, 1.0, 1.5, 2.0, 4.0 and 8.0 h after dose 
1; 1.0, 1.5, 8.0 and 16.0 h after dose 2; 1.0, 1.5, 8.0 and 
24.0 h after dose 3; and 1.0, 1.5, 2.0, 4.0, 8.0, 16.0 and 
32.0 h after dose 4 (part I—'full profile'). The further 
recruited patients in each group, i.e. 36 patients in the 
artemether group and 28 patients in the co-artemether 
group, had blood samples taken only at 1.5 and 8.0 h 
after doses 1 and 4 (part II—'peak-trough sampling'). 
Pharmacokinetic parameters of artemether were calcu
lated by a non-linear regression program using a one-
compartment open model with a fixed dose (D) and 
with variable parameters: a lag time (tlag), an absorption 
rate constant (K.dbs), an elimination rate constant (Kel) 
and a volume of distribution divided by bioavailability 
(Kd/f), where Kd/f could vary per dose [13]. The multiple 
dosing model was based on the superposition principle 
of concentration profiles of four doses. Modelling was 
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2.2. Patients 

Patients with symptomatic, previously untreated, un
complicated P. falciparum infection who gave written 
informed consent, were included in the study. They were 
randomised to be treated with either artemether (n = 48) 
or co-artemether (n = 40). Major reasons for exclusion 
were: pregnancy/lactation; infection with Plasmodium 
species other than P. falciparum ; signs and symptoms of 
severe/complicated malaria; heavy smoking ( > 20 
cigarettes per day); clinically significant ECG abnormal
ities; known renal or hepatic dysfunction. Those who 
had received anti-malarial drugs within 28 days, or 
prophylactic, therapeutic or unidentified medication 
within 14 days prior to the start of the trial were also 
excluded. No anti-malarial treatment was permitted 
during the study period other than rescue medication 
for therapeutic failures. 

2.3. Plasma collection 

Blood samples (7.0 ml) were drawn by repeated 
venepuncture or via indwelling catheter with a heparin 
lock. Blood was collected in sterile plastic syringes, 
transferred immediately into heparinised tubes and cen-
trifuged for 15 minutes at 1000 x g. Plasma samples 
were aliquoted into plastic cryotubes and stored in the 
gas phase of a liquid nitrogen container or in an electric 
freezer at — 70°C. Transportation of samples to labora-

carried out on each individual patient data set. An 
identical model was used for dihydroartemisinin, the 
absorption rate constant was assumed to include the 
biotransformation constant of artemether into dihy
droartemisinin. 'Goodness of fit' was evaluated by min
imisation of squared differences between observed and 
calculated concentrations. 

2.5. Treatment 

Trial medication was manufactured by the Academy 
of Military Medical Sciences, Beijing. Blinding was 
performed by Novartis Pharma, Basle. Medication was 
administered orally in four doses at 0, 8, 24 and 48 h. 
At each dose, patients received either four co-artemether 
tablets each containing 20 mg artemether plus 120 mg 
lumefantrine, or four tablets each containing 20 mg 
artemether alone. In part I no food was allowed 2 h 
prior to and 0.5 h after each dose. In part II of the trial 
the patients received a light meal around dosing time. 

2.6. Statistical analysis 

The data were generally found to fit a normal distri
bution. Means and standard deviations were calculated. 
Statistical analysis was performed with the statistical 
software SPSS, using a Student's r-test for dependent 
samples to compare means of paired samples within one 
individual (e.g. peak level after the first dose and the last 
dose, artemether peak concentration and dihy-
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droartemisinin peak concentration) and a ?-test for 
independent samples to compare the artemether group 
with the co-artemether group. Statistical significance 
was considered at the 5% level. 

3. Results 

Male (84°/i) and female (16%) patients, all of chinese 
origin, aged between 13 and 57 years (median 22 years) 
and weighing between 45 and 75 kg (median 50 kg) 
with uncomplicated P. falciparum infection with a para-
sitaemia ranging from 1038 to 162 771 per ul (median 
22 959 per ul) were recruited and at random, 48 patients 
received artemether and 40 patients co-artemether. 

The data sets obtained from the extensive sampling 
in the first 12 patients in each group (part I) were used 
for pharmacokinetic modelling. In the modelling proce
dure to estimate the pharmacokinetic parameters, good 
graphic fits of the measured plasma concentration 
curves obtained for both groups indicated that the 
model performed well. Low inter-parameter correlation 
and small confidence intervals were obtained, with 
good correlation coefficients (mean r = 0.94, SD = 
0.03). A few data points were clear outliers due to 
technical or administrative errors. These outliers in 
concentration- or time-dimension were visually iden
tified in the graphical presentation of the fitted data and 
weighted 0. 

Figs. 1 and 2 show the concentration-time curves 
(mean + standard error) for artemether and dihy-
droartemisinin, respectively, for the first 24 patients (12 
in each group). Fig. 1 clearly demonstrates artemether 
Cmax and AUC values to be lower after dose 4 at 48 h 
than after dose 1. Inversely, Fig. 2 shows higher dihy-
droartemisinin Cmax and AUC values after dose 4 than 
after dose 1. 

Fig. 3 shows the observed artemether and dihy-
droartemisinin concentrations with the fitted curves in 
one patient. The example illustrates the good fit of the 
drug and metabolite concentrations with the model 
used but also shows the decrescendo course of the 
artemether concentrations and somewhat crescendo 
course of the dihydroartemisinin levels over time. 

Two patients, one in every group, were left out of the 
modelling analysis for technical or logistic problems 
(patient 211 with all very low ( < 16 ng/ml) artemether 
concentrations, patient 236 with errors in sampling 
times). 

When artemether was administered alone, following 
a mean lag time of 0.48 h, a high plasma concentration 
was rapidly achieved (tabs = 0.82 h, fmax=1.73 h, 
Cm a x=157 ng/ml), followed by rapid elimination 
(̂ haif =1-16 h) (Table 1). In combination with lume-
fantrine, both the lag time and absorption time for 
artemether were significantly increased. Although ?max 

increased almost 0.5 h, this increase was not statistically 
significant (P = 0.065, Table 1). No other differences 
between the artemether monotherapy and co-
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Fig. 1. Mean (and Standard error) artemether plasma concentrations for 24 patients who received either artemether ( • ) or co-artemether ( • ) 

orally at 0, 8, 24 and 48 h. 
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Fig. 2. Mean (and standard error) dihydroartemisinin plasma concentrations for 24 patients who received either artemether ( • ) or co-artemether 
( • ) orally at 0, 8, 24 and 48 h. 



96 

350 

300 -

250 -

— 2 0 0 -

c 
150 

40 64 

Fig. 3. Measured artemether ( • ) and dihydroartemisinin (O) concentrations and the model-fitted curves in 

artemether orally at 0, 8, 24 and 48 h 

a patient who received 80 mg 

artemether treated patients were demonstrated with 
respect to the artemether pharmacokinetic parameters. 
For both treatment groups the mean peak level after 
the first dose was approximately three times higher than 
after the last dose (Cmaxl/Cmax4 ratio = 3.2 in the 
artemether group, 2.6 in the co-artemether group). 

Pharmacokinetic characteristics for dihy
droartemisinin in both treatment groups are shown in 
Table 2. Formation and elimination of this metabolite 

are comparable in the artemether and co-artemether 
groups. Similar to artemether, dihydroartemisinin 
reached peak concentration approximately 0.5 h later 
when artemether was taken in combination with 
lumefantrine. 

We also performed a paired comparison of the 
artemether parameters in Table 1 with the dihy
droartemisinin parameters in Table 2. The A U C 0 _ œ 

for dihydroartemisinin was significantly greater (P = 
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0.001) than the AUC0^lX> for artemether. Dihy-
droartemisinin Cmax values were also significantly 
higher than artemether Cmax values after dose 3 (P = 
0.002) and dose 4 ( P < 0.0001). This coincided with a 
lower Vd/B and Vd/{4 for dihydroartemisinin. Absorp
tion and elimination rate constants were similar for 
artemether and dihydroartemisinin. While artemether 
Cmax clearly decreased with successive doses, there was 
a trend towards a time-dependent increase in dihy

droartemisinin C„ 
be noted that V, 

« (Cmaxi/Cmax4 ratio = 0.7). It should 

d/f, AUCs and Cmax of artemether and 
dihydroartemisinin showed considerable inter-subject 
variability illustrated with the standard deviations. 

Analysis of the 'peak' and 'trough' samples obtained 
in a larger group of patients in part II of the study 
broadly confirm the results generated from part I. The 
mean 'peak' artemether plasma concentration 1.5 h 
after dose 1 was significantly higher than at 1.5 h after 
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Table 1 
Mean (standard deviation) model-estimated pharmacokinetic parameters of artemether in 11 patients treated with artemether and 11 patients 
treated with co-artemethera 

PK parameters of artemether Artemether group (n = 11) Co-artemether group (n = 11) Probability (P) 

Mean SD Mean SD 

W (h) 
'abs ( h ) 

Ufli ) 
C„,nxi (ng/ml) 

Cm„x2 (ng/ml) 

Qnaxa (ng/ml) 

Q«,x4 (ng/ml) 
^ m a x l / ^ m a x 4 

AUC (ng h/ml) 

'half ( h ) 

Vdla (1) 
^d/o (1) 

Vtm O 

0.48 
0.82 
1.73 
157 
134 
85 
60 
3.2 
1834 
1.16 
543 
364 
504 
711 

0.24 0.83 
0.45 1.34 
0.46 2.13 
93 133 
89 120 
49 116 
32 58 
2.4 2.6 
1001 2035 
0.44 0.86 
945 189 
225 339 
268 533 
434 421 

0.37 0.02 
0.59 0.03 
0.49 0.065 
49 NS 
80 NS 
90 NS 
29 NS 
1.1 NS 
802 NS 
0.26 NS 
126 NS 
459 NS 
956 NS 
367 NS 



, = lag time, rnbs = absorption half-life, (max = time to reach the first maximum concentration, Cmaxl = maximum concentration after first 

dose, Cmax2 = maximum concentration after second dose, C, 
fourth dose, Cmaxl/Cmax4 mean of individual ratios of C„ 
i v u i i m . w ^ . . - , ^ - m a X l / ~ m a X * 

<half = elimination half-life, Fd/ f l = volume of distribution/bioavailability of first dose, V, 

different 

= maximum concentration after third dose, C^x* = maximum concentration after 
divided by Croax4, AUC = area under the plasma concentration curve (0 -> oo), 

' = volume of distribution/bioavailability of second dose, 
not statistically 

/ n = volume of distribution/bioavailability of third dose, Vd/n = volume of distribution/bioavailability of fourth dose, NS 

Table 2 
Mean (SD) model-estimated pharmacokinetic parameters of dihydroartemisinin in 11 patients treated with artemether and 11 patients treated with 
co-artemethera 

PK parameters of dihydroartemisinin 

'lag (h) 
(h) a p p 

»max© 
C„,axi (ng/ml) 
Cm„x2 (ng/ml) 
Cmax, (ng/ml) 
Cmax4 (ng/ml) 

AUC (ng h/ml) 
'hair (h) 

Vm (1) 
^ / o (1) 
Ki/o (1) 
^ / f4 (0 

Artemether group (n = 11) 

Mean 

0.35 
1.63 
1.86 
161 
184 
260 
283 
0.7 
2926 
0.95 
275 
309 
163 
133 

SD 

Co-artemether group (« = 11) 

Mean 

0.28 0.82 
1.43 1.24 

0.45 2.44 
63 105 
189 137 
155 168 
142 171 
0.4 1.2 
642 3135 
0.42 1.06 
225 246 
256 728 
98 325 
74 196 

SD 

0.54 
0.37 
0.44 
42 
98 
130 
101 
1.4 
1444 
0.25 
99 
1135 
330 
157 

Probabilitiy (P) 

0.019 
NS 
0.006 
NS 
NS 
NS 
0.046 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

: appearance half-life = time, after the lag time, for half the total amount of dihydroartemisinin to appear in plasma ( = absorption+ 

transformation). 
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Table 3 
Mean (SD) peak and through artemether concentrations in plasma (ng/ml) in 36 patients treated with artemether and 28 patients treated with 
co-artemether 

Artemether concentration (ng/ml) Artemether group (n = 36) Co-artemether group (« = 28") Probability (P) 

I 1.5 h after dose 1 
II 8.0 h after dose 1 
III 1.5 h after dose 4 
IV 8.0 h after dose 4 
- I vs. Ill 
- II vs. IV 

Mean SD Mean SD 

120 100 62 75 NS 
26 32 17 16 NS 
48 37 38 43 NS 
4 2 5 4 NS 

P< 0.0001 P = 0.001 -
P< 0.0001 P< 0.0001 -

" For two patients no samples were taken after the last dose. 

Table 4 
Mean (SD) peak and through dihydroartemisinin concentrations in plasma (ng/ml) in 36 patients treated with artemether and 28 patients treated 
with co-artemether. 

Dihydroartemisinin concentration (ng/ml) Artemether group (" = Co-artemether Group Probability (P) 
36) (» = 28") 

Mean SD Mean SD 

103 87 74 75 NS 
20 27 21 37 NS 
190 92 115 92 0.001 
10 7 22 32 NS 
P< 0.001 P = 0.052 -
P = 0.028 NS -

1 1.5 h after dose 1 
II 8.0 h after dose 1 
III 1.5 h after dose 4 
IV 8.0 h after dose 4 

I vs. Ill 
II vs. IV 

For two patients no samples were taken after the last dose. 
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dose 4, whether artemether was administered alone or 
in combination with lumefantrine (Table 3). Similarly, 
8.0 h after dose 1, which approximates to 'trough' 
concentration, the mean plasma artemether concentra
tion was significantly higher than 8.0 h after dose 4. 

As in part 1 the mean 'peak' dihydroartemisinin 
concentration 1.5 h after dose 1 was statistically signifi
cantly lower than 1.5 h after dose 4 (Table 4). In the 
co-artemether group however, although the trend was 
the same, differences were not statistically significant. 
No increase was found in the 'trough' dihy
droartemisinin concentrations over time. 

4. Discussion 

In this study we observed decreasing Cmax values for 
artemether from dose 1 to dose 4 over 48 h. The active 
metabolite dihydroartemisinin, in vitro twice as active 
as artemether against Plasmodium species, showed a 
tendency to rise from dose 1 to dose 4. This means that 
these decreasing artemether concentrations over time 
will probably not influence the efficacy of the drug. 
These changes were not accompanied by concomitant 
changes in absorption or elimination rates. However, 
for artemether, Vd/T was higher after the last dose than 

after the first dose. Therefore, either the volume of 
distribution (Vd) rose over the four doses, or the 
bioavailability (f) declined. One would expect that this 
time-dependent change in the pharmacokinetics of the 
drug during the treatment of the P. falciparum infection 
would be related to the improving health status of the 
patient. However, recent studies suggest that these 
changes are drug-related and not disease-related. Iden
tical time-dependent kinetics have been described for 
artemisinin in both patients and healthy subjects alike 
[14,15]. Reduction in bioavailability over time has been 
described for other classes of drug, e.g. rifampicin, 
rifabutin, and carbamazepine [16-18]. This time-depen
dent increase in first-pass effect, or enhanced pre-sys-
temic elimination, is caused by an increase in drug 
metabolism in the gut mucosa cell or in the liver and is 
known as auto-induction [19]. The declining drug/ 
metabolite ratio over time supports this mechanism of 
auto-induction for artemether. This finding is in line 
with a recently published study where population phar
macokinetics of the same fixed-combination tablet 
(CGP56697) in a similar dosing regimen in Thai 
malaria patients revealed AUC artemether/dihy-
droartemisinin ratios of 1.9, 1.1, 0.9 and 0.8 at t = 0, 8, 
24 and 48 h [8]. Furthermore, in a study in healthy 
subjects treated for 5 days with 100 mg artemether 
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orally Cmax and AUC were reduced to one-third on day 
5 compared with day 1 (van Agtmael, submitted data). 
However, no change in the (dose-corrected) Cmax for 
artemether and dihydroartemisinin was found on day 5 
compared with day 1 in a study where Thai patients 
were treated with 300 mg artemether on the first day 
followed by 100 mg for 4 consecutive days [20]. 

Overall the plasma dihydroartemisinin concentration 
profile shadowed that of artemether, suggesting that the 
elimination rate of dihydroartemisinin might be limited 
by its formation rate [21]. A U C Q ^ ^ for dihy
droartemisinin was significantly higher than for 
artemether, mainly attributed to the higher peak dihy
droartemisinin values following doses 3 and 4, which 
can be explained by the induction of drug metabolism 
as well. 

The presence of lumefantrine had little effect on the 
AUC, Cmax, /half or Vd/f of artemether. The only differ
ence was that artemether, and subsequently dihy
droartemisinin, attained maximum concentrations 
about 0.5 h later in the presence of lumefantrine than in 
its absence. It is possible that differences in dissolution 
rates or competition between the two drugs during 
absorption may have influenced the lag and absorption 
times [22,23]. 

The results from the sparse sampling data (only 1.5 
and 8 h after drug intake) in a larger number of 
patients (n = 64) in part II of the study supported the 
findings of the 'full profile' pharmacokinetic results in 

considerable with calculated Cmax values ranging from 
16 to 372 ng/ml. (It was recorded that some patients 
violated the protocol and had a meal around drug 
intake). Despite this variation, effective (parasite 
killing) concentrations were attained in all patients with 
a median parasite clearance time of 30 h in both 
treatment groups. 

In one patient, excluded from the analysis, all 
artemether concentrations were below 16 ng/ml while 
the dihydroartemisinin levels were much higher. A ten
tative explanation is that artemether was metabolized 
by a different metabolic pathway in this patient. 

The reported Cmax for artemether and dihy
droartemisinin after the first dose is in line with earlier 
published single dose pharmacokinetic studies where 
values of 1-2 ng/ml/mg dose were found [20,29-31]. 
Two studies in Caucasian healthy subjects, however, 
reported a Cmax of < 0.5 ng/ml/mg dose, possibly re
lated to a higher weight (Vd) as this was not found in 
Oriental healthy subjects [32,33]. A doubling of the 
Cmax was observed in Thai patients compared with Thai 
healthy subjects [30]. Other studies have shown that the 
tmax for artemether is around 2 h and elimination half 
lives vary from 0.84 to 4.2 h and for dihydroartemisinin 
generally the pharmacokinetic parameters were similar, 
only the AUC is reported to be somewhat higher than 
for artemether [8,29-33]. 

In conclusion, it can be said that apart from an 
increase of approximately 0.5 h in the time to reach the 
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part I. Plasma concentrations of both artemether and 
dihydroartemisinin 1.5 h after drug intake were lower 
in the co-artemether group than in the artemether 
group. This was most likely to have been due to 
prolonged lag and absorption times when artemether 
was combined with lumefantrine. Presumed 'peak' con
centrations of artemether 1.5 h after dose 4 were signifi
cantly lower than 1.5 h after dose 1, whilst 'peak' 
dihydroartemisinin concentrations were significantly 
higher after dose 4 than after dose 1. 

The rapid pharmacokinetics combined with the fast 
onset of action makes artemether an attractive treat
ment modality for malaria. The short half-life prevents 
accumulation and possible neurotoxicity, that has until 
now only been described in animals after high dose 
intramuscular artemether administration, but makes a 
prolonged treatment course necessary to achieve a high 
cure rate [24,25]. By combining artemether with a long-
acting anti-malarial drug like lumefantrine the treat
ment regimen can be short and effective. 

In vitro it was found that the anti-malarial activity of 
artemether against P. falciparum, expressed as EC50, 
was around 1 ng/ml and for the twice as active dihy
droartemisinin it was around 0.5 ng/ml [26-28]. All 
Cmax values in this study were well in excess of the EC50 

with a variable time above EC50 of 1-6 h. The varia
tion in artemether absorption between individuals was 

maximum artemether concentration, lumefantrine does 
not alter the pharmacokinetic profile of artemether. 
This 0.5 h delay is unlikely to be of clinical relevance. 
In addition, we found evidence to suggest a time-depen
dent decrease in bioavailability of artemether with a 
coinciding time-dependent rise in plasmaconcentrations 
of the metabolite dihydroartemisinin. This phenomenon 
is already apparent 48 h after the first gift and is 
probably caused by auto-induction. However, as both 
artemether and dihydroartemisinin are parasiticidal it is 
unlikely that the change in drug/metabolite ratio during 
a treatment course would have important consequences 
for either parasite clearance times or cure rate. 
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Abstract 

CGP 56697 (Riamet™) is a new oral anti-malarial drug composed of artemether and lumefantrine (benflumetol) which 
combines the fast, short-acting artemether for rapid parasite clearance with the prolonged action of lumefantrine for intended 
radical cure. In this double-blind, comparative trial, the efficacy and tolerability of CGP 56697, given as a course of 4 x 4 tablets 
over 48 h, was compared to halofantrine, given as 3 x 2 tablets over 12 h with a second course 1 week later. Patients (mostly 
non-immune) with acute, uncomplicated Plasmodium falciparum infection were randomly assigned to either CGP 56697 (n = 51) 
or halofantrine (n = 52). CGP 56697 proved superior with respect to parasite clearance time (median 32 vs. 48 h, P < 0.001) and 
parasite reduction at 24 h (median 99.7 vs. 89.6%, P < 0.001) with a non-significant difference in resolution of fever (median 24 
vs. 32 h, P = 0.835). However, a 28-day cure rate of 82% was observed for CGP 56697 and 100% for halofantrine. Significant QTc 
prolongations ( > 30 ms) were seen 6-12 h after halofantrine intake but not after CGP 56697 intake. CGP 56697 is an effective, 
well-tolerated treatment for uncomplicated falciparum malaria but for this dosing regimen the recrudescence rate is unacceptably 

* The trial was performed in accordance with the Declaration of Helsinki and its Hong Kong amendment, and according to the principles of 
good clinical practice, as denned by the EC guidelines and Recommendations III/3976/88-EN. The study was approved by the appropriate local 

1 08 Ethics Committees and written informed consent was obtained from all patients. 
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high (18%). For travellers contracting malaria abroad, we propose a six-dose regimen of CGP 56697 over 3 days. © 1999 Elsevier 
Science B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Malaria is a leading cause of morbidity and mortality 
in developing areas of the world and remains a major 
health problem in endemic regions. It is estimated that 
300-500 million clinical cases occur every year and that 
over two million people die every year from the disease 
[1,2]. Selection of mutant malaria strains under drug 
pressure has led to the development of drug-resistance. 
Furthermore, many effective therapies are associated 
with significant adverse effects. The increased global 
travel for commercial or recreational purposes has 
raised the incidence of malaria in travellers. 

Halofantrine has been demonstrably effective against 
Plasmodium falciparum with multiple drug resistance 
[3,4], but recent studies in Thailand revealed lower cure 
rates than expected [5]. Cross-resistance between halo
fantrine and mefloquine limits the use of halofantrine in 
areas where mefloquine resistance is known [6,7], whilst 
in patients previously treated with mefloquine, it can 
significantly prolong the QTc interval [8-10]. Further
more, the sometimes fatal cardiotoxicity of halofantrine 

being slow acting. The rationale for utilising combina
tion therapy with artemether and lumefantrine was to 
combine the benefits of the rapid parasite clearance 
associated with artemether and the high cure rate asso
ciated with lumefantrine in a single oral formulation 
(Internal Report Novartis). CGP 56697 is an oral, 
fixed-dose combination of artemether and lumefantrine. 
This combination was registered as Co-artemether in 
China in 1992 for the treatment of P. falciparum 
malaria and further developed by Novartis Pharma AG 
as CGP 56697 (Riamet™). 

To study whether this combination was more effec
tive and less toxic than halofantrine, this double-blind, 
double-dummy study was undertaken to compare the 
efficacy and safety of CGP 56697 with standard halo
fantrine therapy in a population drawn from travellers 
returning from outside Europe who had contracted 
acute, uncomplicated falciparum malaria whilst abroad. 

2. Patients and methods 
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[11] has limited its use as standby self-treatment. Drug-
resistance and serious adverse effects in the known 
antimalarials combined with the possible fatal course of 
inadequately treated P. falciparum infection in trav
ellers who have little or no immunity to malaria, em
phasizes the urgent need for new treatments to curb this 
disease. 

In China the artemisinin group of drugs have been 
used widely and effectively for the treatment of malaria 
for many years. The major advantage of this group of 
drugs is their rapid action and effectiveness against 
parasites resistant to conventional anti-malarial agents. 
Their main disadvantage is that recrudescence of infec
tion is common when they are administered as 
monotherapy [12]. An important cause of this re
crudescence is the short elimination half-life of 1-2 h of 
this group of drugs requiring prolonged treatment 
courses in a patient population where non-adherence to 
therapy is common. Artemether is of proven benefit in 
the treatment of malaria; however, like other members 
of the artemisinin group, reoccurrence is common when 
it is used as a single agent in courses of less than 7 days 
duration [13,14]. Lumefantrine is a synthetic molecule 
developed by the Academy of Military Medical Sci
ences in Beijing. It is an effective anti-malarial with an 
elimination half-life of approximately 3-6 days in pa
tients but has the disadvantage in monotherapy of 

The study was conducted at eight centres in France 
and The Netherlands between January 1996 and May 
1997. The trial was performed in accordance with the 
Declaration of Helsinki and its Hong Kong amend
ment, and according to the principles of good clinical 
practice, as defined by the EC Guidelines and Recom
mendations III/3976/88-EN. The study was approved 
at all centres by an appropriate local Ethics Committee, 
and written informed consent was obtained from all 
patients. 

Male and female patients with acute, uncomplicated 
P. falciparum infection (confirmed by microscopic iden
tification of > 1000 and <200 000/ul asexual forms in 
a thick blood film), were enrolled into the study if they 
were aged 18 years or more, weighed at least 40 kg, 
provided informed consent, agreed to be in-patients for 
3 days, and otherwise complied with the protocol for 
the 28-day duration of the trial. Reasons for exclusion 
were: signs and symptoms of severe/complicated 
malaria; inability to tolerate oral treatment; known 
renal or hepatic dysfunction; cardiac impairment (i.e. 
evidence of existing cardiac conduction defect, history 
of myocardial infarction, known prolonged QTc inter
val ( > 440 ms) or family history of congenital QTc 
prolongation); pregnancy or lactation. For women of 
child-bearing potential a negative pregnancy test prior 
to treatment and a reliable method of contraception 
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during the trial were required. Patients who had re
ceived anti-arrhythmics, with known hypersensitivity or 
allergy to artemisinin derivatives or to halofantrine, 
those who had received investigational drugs or a ther
apeutic course of mefloquine within 30 days prior to 
the start of the trial were also excluded. 

This was a 4-week, randomised double-blind, dou
ble-dummy comparative trial. Eligible patients were 
assigned randomly to receive either CGP 56697 or 
halofantrine. Patients randomised to receive CGP 
56697 received four doses of four tablets (each tablet 
containing 20 mg artemether and 120 mg lumefantrine) 
given at 0, 6-8, 24 and 48 h. Those randomised to 
halofantrine tablets received three doses of two tablets 
(each tablet containing 250 mg halofantrine-hydrochlo-
ride) given at 0, 6-8 and 12 h, with an additional 
dosing of three doses of two tablets 1 week later. To 
conform to the double-dummy design, the appropriate 
number of placebo tablets were administered at each 
time point. In order to protect the double-blind nature 
of the study, physicians, technicians and all personnel 
involved in monitoring or conducting the trial were 
blinded to the trial drug codes until after completion of 
the trial. 

On admission, day 1, each patient underwent a gen
eral medical examination. During the first 24 h, pa
tients were monitored for parasites (thick and thin 
blood smear) and fever at 6-h intervals. On the follow
ing 2 days, body temperature was measured and blood 
smears were performe >,i t w ^A U, ' •' 

analysis of artemether, dihydroartemisinin, lume
fantrine, halofantrine and desbutylhalofantrine. These 
results will be published separately. 

Primary efficacy variables of the study were the time 
to parasite clearance (parasite clearance time (PCT)), 
parasite reduction at 24 h and 28-day cure rate. PCT 
was defined as the time needed to clear parasites from 
the blood and remain undetectable for at least 48 h. 
Parasites were considered to have been cleared from 
the patients blood when their numbers fell below the 
limit of detection of the thick blood smear (estimated 
as 10-50 parasites per ul blood, equivalent to < 107-
108 total parasite load). The 28-day cure rate was 
defined as the proportion of patients with clearance of 
parasites within 7 days without subsequent re
crudescence. The secondary end point was time to 
resolution of fever (fever clearance time (FCT)) defined 
as the time needed for the body temperature to fall 
below 37.5°C for at least 48 h. FCT could only be 
determined for patients presenting with a temperature 
greater than 37.5°C at baseline (évaluable patients). 

Due to the known prolongation of QTc interval 
associated with halofantrine and the structural similar
ity between halofantrine and lumefantrine, an impor
tant safety parameter evaluated was QTc interval (for 
frequency corrected QT interval: Q T / ^ R - R interval)) 
peer-reviewed by an independent cardiologist. In addi
tion, the incidence and severity of adverse effects were 
evaluated. 
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measurements until parasite clearance. Blood mi
croscopy and body temperature measurements were 
then performed weekly (days 8, 15, 22 and 29). If a 
patient's medical condition indicated reappearance of 
P. falciparum, blood film slides were taken daily until 
resolution. A complete neurological examination was 
done on admission and on days 4, 8 and 29. Blood 
pressure and pulse rate were measured daily until day 4 
and then on days 8 and 29. Electrocardiographic 
recordings (12-lead) were taken at baseline and close to 
the expected peak concentration of the respective 
drugs, i.e. 4 h after the last dose of CGP 56697 (52 h) 
and 6-12 h after the last dose of the first and the 
second cycle of halofantrine (at 18, 24 and 192 h, 
respectively). ECG recordings were taken also at 8 and 
60 h and on days 8 and 29. Haematological investiga
tions (haemoglobin, haematocrit, red blood cell count, 
white blood cell total and differential counts, platelets, 
and reticulocyte count), clinical chemistry (total biliru
bin, alkaline phosphatase, aspartate- and alanine-
aminotransferases, sodium, potassium, glucose, crea
tinine, urea, total protein, and albumin) and urinanaly-
sis (presence of albumin, glucose, bilirubin, and blood 
by dipstick) were performed on days 1 (baseline), 2, 4, 
8 and 29. In the first 25 patients in each treatment 
group plasma samples were taken for pharmacokinetic 

2.1. Statistical methods 

Prior to the start of the study a calculation of the 
sample size necessary to permit the demonstration of a 
statistically significant difference of 30 h in the time to 
parasite clearance was made (using a = 5%, power = 
90%, assuming a PCT of 30 h for CGP 56697 and a 
5% drop-out rate in both treatment groups within the 
first week before reaching PCT). It was calculated that 
at least 50 patients in each treatment arm would be 
sufficient [15]. 

Median, inter-quartile range, and 95% confidence 
interval for the median were calculated for PCT and 
FCT by the Kaplan-Meier method. Treatment effect 
on the variables was tested using the Wilcoxon test. 
The difference in parasite reduction at 24 h between 
the two treatment groups was tested using Wilcoxon 
rank-sum test. The prognostic influence of selected 
baseline characteristics (baseline parasite density, base
line temperature, sex, age and weight) on PCT and 
FCT was examined using the Cox's proportional haz
ard regression. For 28-day cure rate, 95% confidence 
intervals were calculated using Pearson-Clopper limits, 
and the treatment difference tested using Fisher's exact 
test. 



3. Results 

Between January 1996 and May 1997, 103 patients in 
eight centres were randomly assigned to one of the two 
treatments, 51 to CGP 56697 and 52 to halofantrine. 
Demographic and baseline characteristics (gender, race, 
immune status, age, weight, height, use of antimalarial 
prophylaxis and prevalence of G6PD-deficiency) were 
similar between treatment groups (Table 1). 

All but five of the 71 patients of African origin had 
lived in an endemic country for up to 20 years before 
they moved to France or The Netherlands. Of the 
remaining patients, one was from India and 31 were 

113 Caucasian, only one of whom resided in an endemic 
country. Overall, 73 (71%) patients were classified as 
'non-immune' by the investigators (30 white and 43 
black patients). This group had either never been ex
posed to malaria, or exposure had been more than 5 
years previously. Three patients were classified 'im
mune' as they resided in an endemic country and were 
visiting Europe. The remaining 27 patients were judged 
'possibly immune'. 

All patients were infected with P. falciparum whilst 
travelling in an endemic country either on vacation 
(82%) or for work purposes (18%). Except one infection 
in French Guyana (South America), all infections were 
acquired in Africa: Ivory Coast (20), Ghana (19), Co-
mores (14), Senegal (seven), Cameroon (six), Congo 
(four), Mali (four), Togo (four), Gabon (three), Zim
babwe (three), Angola (two), Benin (two), Burkina 
Faso (two), Central Africa (two), The Gambia (two), 

Nigeria (two), Zaire (two), Guinea (one), Liberia (one), 
Malawi (one), and Tchad (one). Patients returning to 
The Netherlands came mainly from Ghana, those 
treated in France were infected mostly in Ivory Coast 
or Comores. 

The majority of patients presented to the hospital 
with symptoms of malaria within 10 days of their 
return from an endemic country (median = 9 days, 
25-75th percentiles [5,15] days). Sixteen patients sought 
medical help more than 21 days after they had been to 
an endemic country. 

The urine of 89 patients was tested for the presence 
of chloroquine, proguanil, mefloquine and quinine by 
dipstick and 61 patients (69%) were found to be posi
tive. The anti-malarial identified most frequently was 
chloroquine with or without proguanil. Only three (6%) 
patients had a positive urine test for mefloquine. In 
1996/1997 first-choice recommendation for malaria pro
phylaxis for Africa was mefloquine in The Netherlands 
and chloroquine + proguanil in France. 

All 103 patients were included in the safety analysis 
and analysis of PCT. The 28-day cure rate was calcu
lated for 86 évaluable patients because 17 patients (six 
in the CGP 56697 group and 11 in the halofantrine 
group) could not be evaluated for this endpoint. Of 
these 17 patients, 12 patients (three on CGP 56697, nine 
on halofantrine) were lost to follow-up, non-compliant 
or withdrew consent (Table 2). One patient on halo
fantrine who developed a QTc prolongation discontin
ued on day 2 and was treated with 
sulphadoxine/pyrimethamine; one patient discontinued 



Table 1 
Patient characteristics at baseline 
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Sex (males) 
Ethnic group 
Black 
White 
Indian 
Age (years) 

Weight (kg) 

Height (cm) 

Immune status 
Non-immune 
Possibly immune 
Immune 

Urine test for malaria prophylaxis 
Positive 
Negative 
Not done 

G6PD deficiency" n (%) 

CGP 56697 (« = 51) 

« (%) 37 (73%) 

» (%) 34 (67%) 
17 (33%) 
0 

Median 35 
Range 
Median 

20-62 
70 

Range 
Median 

55-114 
172 

Range 154-197 

« (%) 37 (73%) 
13 (25%) 
1 (2%) 

n (%) 29 (57%) 
15 (29%) 
7 (14%) 

4 (14%) 

Halofantrine (n = 52) 

32 (62%) 

37 (71%) 
14 (27%) 
1 (2%) 
35 
17-57 
70 
50-120 
171 
154-194 

36 (69%) 
14 (27%) 
2 (4%) 

32 (62%) 
13 (25%) 
7 (13%) 

5 (19%) 

In 56 patients (54%) a G6PD-test was done. 
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Table 2 
Number of enrolled patients by treatment group 
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Number of patients CGP 56697 Halofantrine Total 

Enrolled 51 52 103 

Discontinued during 28-
day trial period 

Total 12 10 22 
Recrudescence 8 - 8 
QTc prolongation - 1 1 
Lost to follow-up 2 3 5 
Non-compliance/withdrew 1 6 7 

consent 
Administrative problems 1 - 1 

Protocol violation 2 1 3 

Efficacy analyses 
Intention-to-treat (28-day 51 52 103 

cure rate, PCT) 
Evaluable patients (28- 45 41 86 

day cure rate) 
Evaluable patients (FCT) 32 39 71 

Safety analyses 
ECGs (up to nine per pa 50 50 100 

tient) 
Adverse experiences 51 52 103 

3.1. Abnormal laboratory values 

Several laboratory parameters were affected by the 
disease status at presentation (Table 3). At baseline, 
values below normal range were recorded for 
haemoglobin (35% of all patients), haematocrit (55%), 
red blood cells (40%), and white blood cells 
(lymphocytes) (29%). Anaemia at presentation was gen
erally not very severe, with only three patients in the 
CGP 56697 group and eight in the halofantrine group 
still recording haemoglobin values between 8 and 10 
g/dl by day 8. Reticulocytes showed a gradual increase, 
with a maximum at day 8, similar in both groups, 
consistent with recovery of suppressed haematopoiesis. 
About 80% of patients had a platelet count below 
normal range at baseline, but by day 8 only one patient 
in the CGP 56697 group and three patients in the 
halofantrine group were still thrombocytopenic. Only 
two patients had < 25 x 109/1 platelets at presentation, 
both in the CGP 56697 group. The thrombocytopenia 
was in some cases pronounced, one patient had a 
platelet count of 9 x 109/1 on day 2 but there were never 
signs of haemorrhagic diathesis. 

An elevated total bilirubin, reflecting haemolysis, was 
found in 60% of patients and resolved rapidly. Alkaline 
phosphatase, SGPT (ALT) and SGOT (AST) were 
slightly raised in most patients in both groups. After 1 
week an increased SGPT (ALT) was seen in 55% of 
patients compared to 35% at baseline. Overall, fluctua-
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after one dose of CGP 56697 due to 'administrative 
problems'. There were three protocol violations: two 
patients on CGP 56697 had used concomitant antibi
otics with known anti-malarial effect and one patient 
on halofantrine had P. ovale infection. They were ex
cluded from the évaluable patient population for the 
analysis of the 28-day cure rate although these three 
patients had completed the trial. 

Disease characteristics at baseline were similar for the 
two treatment groups (Table 3). The table illustrates the 
symptoms of uncomplicated malaria; fever with normal 
blood pressure, infrequent hepato-splenomegaly, a low 
parasitaemia (median less then 0.5% infected erythro
cytes) One patient was diagnosed as uncomplicated 
malaria and included despite a high parasitaemia of 
425 754/ul = 8.5%. About one-third of the patients pre
sented without fever. Anti-pyretics were administered to 
32 patients (31%) in the first 4 days (13 on CGP 56697 
and 19 on halofantrine). There were no differences in 
anti-pyretic usage between the two treatment groups. 
Seventy-two of the 103 patients (70%) received con
comitant medications other than anti-pyretics or anti
malarials during the trial, 35 (69%) in the CGP 56697 
group and 37 (71%) in the halofantrine group. Medica
tions given were mostly for treatment of malarial symp
toms and were similar in type and number between the 
treatment groups. 

tions in liver enzyme tests were mild. A decreased 
serum albumin (34% of patients) and albuminuria 
(29%) at baseline disappeared with treatment. Hypona
t remia (35%) and hypokalaemia (23%) resolved in 
both treatment groups by fluid replacement and disease 
resolution. Kidney function, as measured by creatinine 
and urea (or BUN) was slightly affected at baseline and 
improved during treatment in both groups. Hypogly-
caemia did not occur during treatment. In general, all 
laboratory changes were only those normally associated 
with the disease and its resolution. 

3.2. Clearance of parasites 

Parasite clearance time from blood was shorter for 
patients in the CGP 56697 group (median PCT 32 h) 
than those treated with halofantrine (mean PCT 48 h) 
(P< 0.001) (Table 4, Fig. 1). Only one patient on 
halofantrine needed longer than 4 days to clear para
sites. Because no blood smear was available for this 
patient between day 4 and the follow-up visit at day 8, 
the PCT was 163 h. PCT was significantly longer for 
patients with higher parasite density at baseline {P < 
0.001) and higher baseline body temperature (P = 
0.038). Female patients and patients who were judged 
as immune or possibly immune tended to clear parasites 
faster than male patients or those who were non-im-
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mune, although the effects of these characteristics were 
not statistically significant (Cox's proportional hazard 
regression). 

3.3. Parasite reduction at 24 h 

Reduction in parasite count 24 h after start of treat
ment was significantly greater (P < 0.001) in those pa
tients treated with CGP 56697 (median 99.7% 
reduction of baseline parasitaemia) than in those ran
domised to halofantrine (89.6%) therapy (Table 4). 

117 Four hours after start of treatment 14 patients on 
CGP 56697 and 18 patients on halofantrine had a 
parasitaemia higher than at baseline. After 12 h, only 
12 patients (four, CGP 56697 and eight halofantrine) 
still had increasing parasitaemia. After 18 h, seven 
halofantrine patients but no patients in the CGP 
56697 group had further increases in blood parasite 
counts. Two patients in the halofantrine group had a 
higher parasitaemia at 24 h than at baseline. One 
increased from 2000 to 15 100/ul and one from 1872 to 
32 350/ul before parasite numbers fell and PCT 
achieved at 163 and 60 h, respectively. 

3.4. Twenty-eight-day cure rate 

The 28-day cure rate for évaluable patients was 82% 
in the CGP 56697 treatment group and 100% in the 
halofantrine treatment group (P = 0.006) (Table 4). The 
28-day cure rate for the intent-to-treat (ITT) popula
tion was 77% in the CGP 56697 treatment group and 
79% in the halofantrine treatment group. Eight patients 
in the CGP 56697 treatment group had reappearance of 
parasites in the blood with clinical symptoms between 2 
and 4 weeks after treatment (R- I failure). Seven of 
these patients were categorised 'non-immune' and one 
'possibly immune'. Subsequently six of these patients 
were treated successfully with quinine and one with 
halofantrine. For one patient no rescue anti-malarial 
medication was reported. 

3.5. Clearance of fever 

Only 71 of the 103 patients (69%) had a baseline 
temperature of > 37.5°C and were thus évaluable for 
FCT. Absent fever was either due to the use of an
tipyretics or the intermittent character of fever in 
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Table 3 
Disease characteristics at baseline 

CGP 56697 (n = 51) Halofantrine (n = 52) 

Temperature (°C) Median 
Range 

38.4 
36.6-40.6 

38.5 
36.4-40.4 

Number (%) <37.5°C 
>37.5-< 39°C 

19 (37%) 
12 (24%) 

13 (25%) 
21 (40%) 

>39°C 20 (39%) 18 (35%) 

Blood pressure (mmHg) Median 
Range 

120/70 
(90-160)/(50-120) 

120/70 
(90-160)/(40-110) 

Pulse rate (bpm) Median 
Range 

88 
64-120 

91 
62-121 

Hepatomegaly 
Splenomegaly 
Parasite density (/ul) 

n (%) 
n (%) 
Median 
Range 

4 (8%) 
5 (10%) 
16 530 
14-425 754 

2 (4%) 
5 (10%) 
11 200 
120-172 000 

Number (%) of patients with parasitaemia: Not detected 
<5000 

0 
14 (28%) 

1 (2%)a 

17 (33%) 
5000-<15 000 11 (22%) 15 (29%) 
15 000- < 50 000 19 (37%) 10 (19%) 
> 50 000 7 (14%) 9 (17%) 

Haematocrit (1/1) Median 
Range 

0.39 
0.29-0.52 

0.38 
0.25-0.51 

Reticulocytes (%) Median 
Range 

2.0 
0.3-5.9 

2.2 
0.7-14.7 

Leucocytes (109 /1) Median 
Range 

4.4 
1.4-7.5 

4.8 
2.0-10.1 

Platelets (109 /1) Median 
Range 

92 
19-268 

104 
31-228 

Total bilirubin ((imol/1) Median 
Range 

23 
6-68 

20 
3-70 

a This patient had P. ovale infection 
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Table 4 
Therapeutic response 

CGP 56697 

28-day cure rate 
%. cured (95% CI) 82.2% [67.9, 92.0] 

(%) with RI response 8 (17.8%) 
(%0 with RH response 
(%) with RIII response 

Parasite clearance time (PCT) 
Median [25-75th percentiles] 
Range 

Parasite reduction at 24 h compared to baseline (%) 
Median [25-75th percentiles] 
Range 

Fever clearance time (FCT) 
Median [25—75th percentiles] 
Range 

Halofantrine 

100% [91.4, 100] 0.006 

32 [23-48] h 
4-72 h 

48 [47-60] h 
18-163 h 

99.7% [97.2-
25.9-100% 

100] 89.6% [65.3- 98.6] 
Increase-100% 

24 [12-48] h 
4-158 h 

32 [6-64] h 
4-168 h 

< 0.001 

<0.001 

0.835 

malaria. High temperature rapidly dissipated in both 
treatment groups (Table 4). The time to resolution of 
fever was shorter for patients randomised to CGP 
56697 (median 24 h) than for those randomised to 
halofantrine (median 32 h). However, this difference 
was not found to be statistically significant (P = 0.835, 
Wilcoxon test). When this figure was adjusted for base
line characteristics, the difference between treatment 
groups remained non-significant. However, higher base
line parasite density (P = 0.025) and non-immunity 

ing (2 vs. 14%), diarrhoea (6 vs. 12%). All remaining 
TESS-AEs were recorded in three or fewer patients in 
either treatment group. Almost all of the above-men
tioned malaria symptoms resolved rapidly following 
commencement of study treatment. Symptoms of the 
nervous system (dizziness, headache, insomnia, etc.) 
related to the trial drug were recorded in 20 vs. 14% of 
patients and were mainly sleep disorders. Neurological 
examination at days 1, 4, 8 and 29 revealed no abnor
malities. Digestive symptoms (diarrhoea, vomiting) 
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(f = 0.023) lowered the probability of rapid resolution 
of fever. 

3.6. Clearance of gametocytes 

The proportion of patients with detectable gameto
cytes between days 1 and 3 was low (five patients (10%) 
in the CGP 56697 group and nine patients (17%) in the 
halofantrine group). Four of the five CGP 56697 pa
tients cleared gametocytes within the first 3 days com
pared to one in nine halofantrine patients. No new 
appearance of gametocytes was observed after the first 
week in both groups. 

3.7. Adverse experiences 

As malaria patients typically present with a multitude 
of unspecific symptoms, drug-related adverse experi
ences were difficult to identify. Adverse experiences 
(AE) starting after baseline and before reappearance of 
parasites were defined as treatment emergent signs or 
symptoms (TESS-AEs). One or more TESS-AEs were 
recorded for 57 patients, 27 (53%), in the CGP 56697 
group and 30 (58%), in the halofantrine treatment 
group. Most frequently reported were headache (14% 
CGP 56697 vs. 8% halofantrine), fatigue (8 vs. 4%), 
myalgia (8 vs. 2%), sleep disorders (8 vs. 12%), vomit-

were found in 14 vs. 15% of patients. 
In two patients in the CGP 56697 group two serious 

adverse experiences (other than recrudescence) were 
reported during the trial. One patient developed hepati
tis A infection, clearly unrelated to therapy. This pa
tient also had reappearance of parasites. The other 
serious adverse experience was haemolytic anaemia and 
was thought possibly to be related to CGP 56697. The 
patient presented with a haemoglobin value of 10.6 
g/dl, haematocrit of 34% and platelet count of 91 x 10 
9/l. There was no G6PD deficiency. Laboratory tests 
were typical of acute malaria. Following treatment with 
CGP 56697, haemoglobin, platelet count and total 
bilirubin declined and then rose again. The 
haemoglobin decreased to 8.2 g/dl by day 15 with 
normal platelet and leucocyte values. The anaemia was 
microcytic and normochromic. On day 24, the patient 
was hospitalised and progressive haemolytic anaemia 
(Hb 5.7 g/dl) of unknown origin was diagnosed. Fol
lowing therapy with prednisone (40 mg/day), the pa
tient and the haematological parameters improved. The 
case was investigated extensively but its aetiology re
mained unclear. A number of other possible explana
tions were excluded: there was no serological diagnosis 
of a viral infection affecting haematopoiesis, no signs of 
hypersplenism, no presence of cold haemoagglutinins, 
a-thalassaemia could not be confirmed by genotypic 
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Fig. 1. Time to parasite clearance (ITT population). 

analysis and no antibodies against red cells were found. 
The time between drug intake and haemolysis is an 
argument against a causal relationship with CGP 
56697. The patient may have suffered from post-malar
ial auto-immune haemolytic anaemia. 

Serious adverse experiences were reported during the 
trial for two patients receiving halofantrine. One, a case 
of pneumonia, was unrelated to study therapy, and the 
patient continued in the study. The other, QTc prolon
gation, was probably related to halofantrine. This pa
tient was discontinued after the third dose of trial 
treatment, and QTc normalised within 4 days. 

8 h, then decreased but again had a value of 505 ms 12 
h after the last dose of halofantrine at the second cycle 
and still a prolonged QTc of 497 ms at day 29. The 
serious adverse event, mentioned earlier for which halo
fantrine treatment was discontinued, was seen in a 
26-year-old female of black origin. Her QTc values 
were 400 ms at baseline and 458 and 502 ms at 8 and 18 
h, respectively. 

A QTc increase > 30 ms and a value > 430 ms 
(male) or > 450 ms (female) were seen for about one 
quarter of patients on halofantrine 8-24 h after treat
ment started. Overall, eight (16.7%) patients on CGP 
56697 had such an increase, but 26 (52%) on 
halofantrine. 



3.8. QTc prolongation 

122 

Review of ECG data was performed by an indepen
dent cardiologist blind to the medication each patient 
received. QT interval was measured and corrected for 
heart rate (QTc) using the Bazett's formula [16]. Pa
tients on halofantrine had a statistically significant in
crease in QTc at 8, 18, 24 h after start of treatment 
(P< 0.001) with still elevated values at 52 and 60 h 
(P<0.05) (Table 5). The highest increases were seen 
around the expected peak concentrations of halo
fantrine about 6 h after the last dose of the first course 
(at 18 h) and about 12 h after the last dose of the 
second course (at 192 h) (P < 0.001). QTc prolonga
tions decreased to baseline values on day 29. No consis
tent increase was seen for patients on CGP 56697 (Figs. 
2 and 3). 

The highest QTc interval observed for CGP 56697 
was 460 ms. On halofantrine, three patients had QTc 
values above 500. One patient increased from ^02 to 
542 at 8 h and 550 ms at 18 h and had decreasing 
values thereafter, but no ECG was available after the 
second course of halofantrine as this patient withdrew 
consent and discontinued from the study. In a 27-year-
old white female, QTc increased from 437 to 492 ms at 

4. Discussion 

In this study halofantrine and the combination of 
artemether and lumefantrine (CGP 56697) were both 
effective for the treatment of uncomplicated falciparum 
malaria. The combination tablet is superior to halo
fantrine in terms of parasite clearance time as well as 

Table 5 
Changes in QTc interval compared to baseline (t = 0) 

Time-point Percentage change from 
(25-75th percentiles) 

baseline in QTc median 

CGP 56697 Halofantrine 

Hour 8 -0 .4 [-3.3, 4.2]% 4.2 [-1.0, 10.4]% 

Hour 18 0.0 [-4.8, 5.1]% 5.5 [0.9, 13.0]% 

Hour 24 0.5 [ -4 .1 , 5.2]% 4.4 [-0.7, 10.9]% 

Hour 52 0.3 [ -4 .1 , 4.6]% 3.4 [ -1 .3 , 9.9]% 

Hour 60 1.4 [-5.8, 5.0]% 1.6 [ -3 .3 , 6.6]% 

Hour 168 -2 .8 [ -6 .1 , 3.8]% 1.5 [-2.8, 6.0]% 

Hour 192 - 0 . 3 [ -6 .1 , 4.8]% 6.9 [4.5, 12.9]% 

Day 29 -4 .0 [-8.2, -1 .8]% - 1 . 6 [-4.6, 6.0]% 
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Fig. 2. Mean QTc ( = QT/^/RR) values ( ± 2 times standard error of the mean). 

parasite reduction at 24 h, however the 28-day cure rate 
for halofantrine was greater (82 vs. 100%). 

The more rapid clearance of parasites by CGP 56697 
than by halofantrine, as measured by median clearance 
time (32 vs. 48 h) and median parasite reduction at 24h 
(99.7 vs. 89.6%) was consistent with expectation, al
though the difference in 28-day cure rate was not. The 
successful cure rate of halofantrine can be partly at
tributed to the second cycle of halofantrine given after 
1 week, as studies using one cycle produced cure rates 
of only 75% in European patients and 90% in African 

and patients treated in this trial received a median dose 
of 27.4 mg/kg lumefantrine, considerably less than 
those in other reported trials of CGP 56697 in Thai
land, China and India, where the median weight of 
patients was 50 kg, and the resultant dose of lume
fantrine was 38.4 mg/kg lumefantrine. Weight alone in 
this study had no significant effect on the probability of 
cure, but the combination of non-immune status, high 
parasite density and lower concentrations of lume
fantrine must have contributed to a lower probability 
of cure in thic wn.m of patients 
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patients [17]. On the other hand, in previous trials, 
CGP 56697 had demonstrated 28-day cure rates of up 
to 96% [18-20]. The unexpected cure rate in this study 
needs to be addressed. 

Eight patients receiving CGP 56697 failed treatment. 
Seven of the eight patients were considered non-im
mune. The 28-day cure rate was lower amongst non-im
mune patients (78%) than in patients judged immune or 
possibly immune (92%). Furthermore, two of the failed 
patients also had the lowest lumefantrine levels detected 
in the trial, never rising above 1000 ng/ml even though 
the levels recorded for most patients were in excess of 
2000 ng/ml. The concentration of lumefantrine, after 
artemether has been eliminated from the body, is 
thought to be essential to prevent recrudescence [21]. 
Volunteer studies have shown a 16-fold rise in lume
fantrine blood levels when CGP 56697 is taken in 
conjunction with a high fat meal [22]. The low levels of 
lumefantrine found in some of the patients in this study 
may partially be accounted for by the fact that CGP 
56697 was administered in the fasting state. The other 
failing patients, for whom lumefantrine plasma levels 
were not measured, presented with a high parasite 
density at baseline ( > 30 000/|d) and were probably 
underdosed relative to parasite count and weight [21]. 
The median weight of patients in this trial was 70 kg, 

An improved 28-day cure rate of 97% has been found 
in a recent trial conducted in Thailand where a six-dose 
regimen over 3 days was employed without signs of 
toxicity [23]. In this six-dose regimen the total dose of 
lumefantrine would be approximately 40 mg/kg (assum
ing an average weight of 70 kg for the European 
patient). Therefore the six-dose regimen should be con
sidered not only for multi-drug resistant areas, but also 
for travellers, who have a higher average weight, are 
non-immune and therefore expected to have a higher 
parasite density. Given in a twice daily schedule, this 

Hour Hour Hour Hour 
8 18 24 52 

Hour 
60 

Hour Hour 
168 192 

Day 
29 

Fig. 3. Patients with QTc increase > 30 ms and QTc > 430 (male)/ 
450 (female). 
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3-day regimen would probably have a better compli
ance rate than a second cycle of halofantrine after a 
week. Halofantrine is known to prolong QTc interval, 
leading, on rare occasions to overt arrhythmias [24-
26]. Because of structural similarity between halo
fantrine and lumefantrine particular attention was paid 
to QTc measurement during this study. However, the 
significant lengthening of QTc interval for patients in 
the halofantrine group was not apparent in the CGP 
56697 group, indicating that the effect of CGP 56697 
on cardiac conduction is minimal. We cannot exclude 

125 that lumefantrine will have an effect on cardiac conduc

tion in the presence of mefloquine, as has been de
scribed for halofantrine. (Only 6% of travellers in this 
study used mefloquine as prophylaxis.) 

In this trial we were also focused on neurotoxicity 
because in animals treated with high-dose intramuscu
lar artemether in oil vehicles which produced a depot 
effect with persistent high plasma levels, signs and 
lesions associated with brainstem damage have been 
demonstrated [27]. Oral studies with artemether, lume
fantrine and co-artemether in animals in pre-clinical 
safety programmes have never revealed neurotoxicity. 
Neurological side effects or neurotoxicity have not been 
demonstrated in clinical studies with artemisinin drugs 
in humans. Regular neurological examinations and 
documentation of neuro-psychiatric complaints during 
the trial did not reveal any evidence for neurotoxicity of 
artemether in this patient population. The faster clear-
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[12] White NJ. The treatment of malaria. New Engl J Med 
1996;535:800-6. 

[13] Hien TT, White NJ. Qinghaosu. Lancet 1993;341:603-8. 
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malaria. Drugs 1996;52:818-36. 
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ance of asexual parasites by artemether compared to 
halofantrine supported our clinical impression that pa
tients on CGP 56697 improved sooner and that 
artemether is theoretically a benefit for the patients 
with higher parasite counts at baseline. Furthermore, 
combination therapy is an attractive strategy for the 
prevention of antimalarial drug resistance, especially 
with an artemisinin derivative [28]. It also seems likely 
that the more rapid clearance (or decreased formation) 
of gametocytes with artemether may be important in 
preventing transmission of malaria [29]. CGP 56697 is 
an effective, well-tolerated treatment for acute uncom
plicated falciparum malaria. For European travellers 
who have contracted malaria abroad, a six-dose regi
men of CGP 56697 given over 3 days is recommended. 
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SUMMARY 

The contribution of the enzymes CYP2D6 and CYP2C19 to the metabolism of artemether was evaluated in a cross-over study in 
seven healthy adult Caucasian subjects. The pharmacokinetic properties of artemether and its active metabolite dihydroartemisimn 
were compared when given 100 mg artemether orally alone or in combination with either CYP2D6-inhibitor quinidine or CYP2C19-
inhibitor omeprazole. Plasma concentrations of artemether and dihydroartemisinin were measured with reversed phase high perfor
mance liquid chromatography with electro-chemical detection (HPLC-ED). Artemether was rapidly absorbed with a mean W of 0.8 h 
(95% confidence interval, CI = 0.5-1.1) reaching a mean Cmax of 29 ng/ml (14-45 ng/ml). The mean elimination half-life was 1.3 h 
(0 8-1 8 h). The pharmacokinetic parameters for dihydroartemisinin were not significantly different from those for artemether. Arte
mether combined with quinidine revealed no significant changes in the plasma concentrations of either artemether or dihydroartemis
inin No changes were seen in the combination with omeprazole as a CYP2C19 inhibitor. A second peak in the plasma concentration 
profile was observed 2-4 h after drug intake.This phenomenon was possibly related to variable gastric emptying. No major contribu
tion of the enzymes CYP2D6 or CYP2C19 was found in artemether metabolism. No interethnic differences in artemether metabolism 
on the basis of a genetic polymorphism of these enzymes is to be expected. 
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INTRODUCTION 

Plasmodium falciparum is becoming increasingly 
resistant to the currently available antimalarial drugs, 
such as chloroquine and quinine, and, therefore, new 

Please send reprint requests to : Prof. C.J. van Boxtel, 
Department of Clinical Pharmacology and Pharmacotherapy, 
Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 

drugs are being developed (1). Among these new 
drugs belong artemisinin and its derivatives (2,3). 
Artemisinin or qinghaosu is extracted from the 
medicinal herb Artemisia annua and forms a group of 
potent antimalarial drugs with artemisinin as the 
parent compound, dihydroartemisinin as its reduction 
product and artesunate, arteether and artemether as 
derivatives. Artemether, the methylether derivative, 
has been synthesized for greater antimalarial activity 
and better solubility in oil than artemisinin (4). 
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The pharmacokinetic profile of artemether after an 
oral dose is characterized by a rapid but probably 
incomplete absorption resulting in a peak concent
ration occurring 1-2 h after drug intake and a short 
elimination half-life in the range of 1-3 h (5-8). 
Artemether is rapidly distributed over several tissues 
and is able to cross the blood brain barrier (9). In 
vitro, liver slices metabolize artemisinin more than 
kidney and lungs, while intestines and blood do not 
metabolize the drug. This suggests that the liver is the 
most likely site for the metabolism of artemisinin 
derivatives (9). Through oxidative demethylation of 
artemether its major metabolite dihydroartemisinin is 
formed (9). 

Many drugs are subject to hepatic biotrans
formation by one of the isoenzymes of cytochrome 
P-450 and show polymorphic drug oxidation. This is 
an important contributing factor to the interindividual 
differences in drug biotransformation. This genetic 
polymorphism can also result in interethnic differences 
in drug metabolism. Thus, 7% of Caucasian people 
have an inactive CYP2D6 and are poor metabolizers 
for the drugs oxidized by this enzyme, whereas only 
1% of Oriental people have an inactive CYP2D6. For 
the enzyme CYP2C19, 3% of Caucasians and up to 
22% of Orientals represent a poor metabolizer 
phenotype (10). Inter-racial differences in enzyme 
activity will have consequences when comparing 
pharmacokinetic studies in different continents and 

enzyme inhibition. Quinidine is a class la anti
arrhythmic agent and a specific inhibitor of CYP2D6. 
For this immediate inhibition a single dose of 50 mg 
suffices (14,15). Omeprazole is a H+/K+-proton pump 
inhibitor and substrate for CYP2C19 (16). 
Interphenotype differences in disposition of the effects 
of omeprazole on gastrin levels have been used as a 
probe for CYP2C19 (17). Omeprazole is also an 
inhibitor of CYP2C19 and interethnic differences in 
omeprazole's inhibition of diazepam metabolism have 
been described (18). 

The objective of this study was to investigate the 
role of CYP2D6 and CYP2C19 enzyme activity in the 
metabolism of artemether and to question whether 
interethnic differences were to be expected on the 
basis of the genetic polymorphism of these enzymes. 
For this purpose, concentration-time courses and 
pharmacokinetic parameters of artemether and 
dihydroartemisinin were studied with and without the 
co-administration of either quinidine or omeprazole as 
inhibitors of CYP2D6 and CYP2C19, respectively. 
The growing international use of artemether in the 
treatment of malaria and these known interethnic 
differences in phenotype distributions of CYP2C19 
and CYP2D6 justifies investigating the role of these 
enzymes in the metabolism of artemether. 

MATERIALS AND METHODS 
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advising dosing regimens for different ethnic groups. 
A substantial number of drugs commonly used in 
clinical practice, such as propranolol and diazepam, 
are substrates of the enzymes CYP2D6 or CYP2C19 
(10,11). Poor metabolizers have an increased 
incidence of adverse effects after taking these drugs 
(12). In this context, it is important to note that 
neurotoxicity has been described in animals treated 
with high doses of artemether (13). Although no 
neurotoxicity has been reported in humans, 
theoretically the chance of developing neurotoxic side 
effects would be greater in a poor metabolizer of 
artemether. On the other hand, a poor metabolizer of 
artemether will have prolonged therapeutic drug con
centrations. This could possibly reduce the incidence 
of recrudescence. Recrudesence or relapse of malaria 
is a known problem in the treatment with this group of 
drugs and related to the short elimination half-life. 
However, if the active metabolite dihydroartemisinin 
is formed by one of these poor metabolizing enzymes, 
the efficacy of the drug will be reduced. 

To investigate the influence of CYP2D6 and 
CYP2C19 on artemether metabolism in healthy 
subjects, we pharmacologically induced a transient 

Seven healthy male Dutch Caucasian subjects, 
students aged between 19 and 26 years, with a mean 
height of 1.86 m (range 1.79-1.97 m) and a mean 
body weight of 75.4 kg (range 65-90 kg) were 
recruited. All subjects were without a history of liver 
or kidney disease, alcohol-, caffeine- or drugs-abuse 
and had not recently used any medication. A physical 
examination, an electrocardiogram and routine hem
atology and chemistry blood and urine analysis before 
inclusion revealed no abnormalities. The study had a 
cross-over design with a non-randomised sequence as 
order effects were not to be expected. The subjects 
were fasted overnight and received a single oral dose 
of 100 mg artemether as two 50 mg tablets (Arte-
nam®, Profarma NV, Belgium) on day one. The 
tablets were administered with a glass of water. The 
subjects were not allowed to take food during the first 
3 h after artemether administration. After a wash-out 
period of 1 week, each subject received a 50 mg 
quinidine tablet (Hospital Pharmacy, Academic 
Medical Center, Amsterdam, The Netherlands), 1 h 
prior to 100 mg artemether administration. Vital signs 
and an ECG were repeated 4 and 8 h after quinidine 
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administration. After another wash-out period of 1 
week each subject received 2 tablets of 20 mg 
omeprazole (Losec®, Astra, The Netherlands), 1 h 
prior to 100 mg artemether administration. 

Sampling procedures 

Blood samples were taken just before drug intake and 
at 0.5, 1, 1.5, 2, 2.5, 3, 4, 8 and 12 h after artemether 
administration. From an inserted intravenous catheter 
(Venflon®), 5 ml blood samples were drawn into 
vacuum polystyrene tubes (Venoject II®, Terumo 
Europe, Leuven, Belgium) containing lithium hepar-
inate. The blood samples were centrifuged for 10 min 
at 4000 rpm and transferred into plastic tubes and 
stored (less than 2 months) at -70°C until analysis. It 
has been demonstrated that storage of plasma samples 
at temperatures of 4°C or higher would produce a 
rapid loss of dihydroartemisinin (8). 

Assay procedures 

Reversed phase HPLC with electrochemical detection 
was used to measure the concentration of artemether 
and dihydroartemisinin (6). The analytical equipment 
was set up as previously published by Melendez et al., 
with some modifications (19,20). Instead of the BAS 
200 liquid Chromatograph, a Pump Spectroflow 400 
(flow rate 1.5 ml/min) liquid Chromatograph with 

with a 100 U.1 loop. Chromatographic separations were 
obtained with a Versapack column (Alltech, The 
Netherlands): CN 10 (im, (300 x 4.6 mm) 10 u.m 
particle size, maintained at 30°C. The mobile phase 
was composed of 60% aceto-acetate buffer (100 mM) 
and 40% acetonitrile with a pH of 5. The 
chromatograms were recorded and analyzed with 
Kontron Datjet integrator software. The detection limit 
was 5 ng/ml. The assay was validated between 5 and 
220 ng/ml and the intra- and inter-assay variability 
was under 6% for artemether and under 9% for 
dihydroartemisinin. Drug concentration units are given 
in ng/ml. To convert to SI units (nmol/1) multiply by 
1000 and divide by the molecular weight. Molecular 
weights of artemether and dihydroartemisinin are 296 
and 282 respectively. 

Pharmacokinetic analysis 

The individual pharmacokinetic parameters were 
estimated by non-linear regression analysis of the 10 
concentration-time data points from 0 to 12 hours 
using the program Scientist for Windows (21). A one 
compartment model with a first order input and output 
was used (model 1). We used as variable parameters a 
lag time (t|ag), an absorption rate constant (Kabs), an 
elimination rate constant( Ke)) and a volume of 
distribution/bioavailability (Vd/F). The artemether 
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Triathlon auto-injector (Spark Holland Separations, 
Hendrik Ido Ambacht, The Netherlands) coupled to an 
electrochemical detector (Decade, Antec, Leiden, The 
Netherlands) were used. The instrument was operated 
in the reductive mode as a closed system under 
chromatography grade helium to exclude any oxygen 
at the detector. The electrochemical detector contains 
glassy carbon working electrodes, a reference 
Ag/AgCl and an auxiliary 316 stainless steel electrode. 
All glass materials were silanised to minimize drug 
adsorbtion to the glass. We used 1 ml of plasma for 
extraction and added 25 \il of the internal standard 
solution (1 pg/ml artemisinin) to the samples, 
followed by vortex-mixing for 20 s. Then, 10 ml 
1-chlorobutane/ethyl acetate (9:1) was added and 
shaken for 10 min on a mechanical shaker. The 
samples were centrifuged for 10 min at 4000 rpm at a 
temperature of 23°C. The organic layer was put into 
clean glass tubes and evaporated under a continuous 
nitrogen stream at room temperature. The samples 
were dissolved in 250-500 \i\ ethanol/water (1:1) and 
injected after deoxygenation. The Triathlon 
auto-injector executed sample degassing with argon 
for 15 min and injection of the deoxygenated sample 

dose (D) was put in as a constant. Unexpectedly, we 
observed a second rise in the artemether and dihydro-
artemisinin plasma concentration 2-A h after drug 
intake in most subjects. Therefore, we applied a 
similar model modified with a dose that could be 
absorbed in two fractions with two lag times (model 2, 
two fractions model). We added a fraction A with lag 
time a and fraction B with lag time b (between 2-A h) 
where the total dose = fraction A + fraction B. For 
describing the kinetic profile of dihydroartemisinin, 
we used the same model and assumed that the 
absorption rate constant included the biotrans
formation rate constant of artemether into dihydro
artemisinin. 

The goodness of fit of the modelling procedure 
was evaluated by considering the sum of squared 
differences between the observed and predicted 
concentrations. This resulted in acceptable parameter 
values with low inter-parameter correlation and small 
confidence intervals, producing a reasonable 
correlation coefficient of at least 90% between 
observed and predicted values. We weighted the few 
data points that were clear outliers (due to technical 
errors) with weighting factor 0. We applied the same 
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Table I : Mean (95% CI) pharmacokinetic parameters of artemether after oral administration of 100 mg artemether and mean 
differences (95% CI) when combined with quinidine or omeprazole. 

Artemether Artemether + quinidine Artemether + omeprazole 

Fraction of dose % 69 (60-78) +7 (-14-27) +7 (-12-27) 

Lag time h 0.1 (0.0-0.2) 0.0 (-0.1-0.2) +0.1 (-0.2-0.3) 

Tabsorb 1/2 h 0.3(0.1-0.5) 0.0 (-0.3-0.4) +0.1 (-0.2-0.4) 

Tmax h 0.8(0.5-1.1) +0.3 (-1.1-1.7) 0.0 (-0.3-0.4) 

Cmax ng/ml 29 (14-45) -€(-23-10) 0 (-20-20) 

AUC ng.h/ml 98 (65-132) -33 (-69-^) -8 (-38-21) 

Vd/F I 2311 (1281-3341) +295 (-1133-1723) -492 (-1583-600) 

Telim 1/2 h 1.3(0.8-1.8) -0.2 (-0.7-0.4) -0.3 (-0.9-0.2) 

Fraction of dose = percentage of dose responsible for the first peak; lag time = time between intake of drug and absorption; 
Tabsorti 1/2 = absorption half-life; Tmax = time to reach Cmax; Cmax = first maximum concentration; 

AUC = area under the concentration-time curve; Vd/F = volume of distribution divided by bioavailability; 
Teiim 1/2 = elimination half-life. 

weighting schemes for the different models. Both 
models were compared using a modified Akaike's 
Information Criterion called the Model Selection 
Criterion (MSC). According the definition of this 
criterion, the most appropriate model was the model 
with the largest MSC (21). 

Statistical methods 

In this cross-over design, a paired comparison was 
made of the observed mean difference of several 
pharmacokinetic parameters between the control group 

and the intervention group (quinidine or omeprazole). 
The null hypothesis was that there was no difference. 
A one sample two-tailed paired Student's f-test was 
used, assuming the differences to be normally 
distributed around zero. We assumed that with 
effective enzyme inhibition doubling of the AUC of 
artemether was feasible as we have observed in other 
enzyme inhibition studies with artemether (not yet 
published). Furthermore, other studies have shown that 
quinidine doubled the AUC of propranolol (14). Using 
a mean difference of 100 ng.h/ml for the AUC and 
presumed standard deviation of the difference of 70 
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Fig. 1 : Mean (± SE) artemether concentrations in 7 healthy adults after intake of 100 mg artemether orally alone or in combination 
with quinidine or omeprazole. 
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Table II : Mean (95% CI) pharmacokinetic parameters of' dihydroartemisinin after oral administration of 100 mg artemether and mean 
differences (95% CI) when combined with quinidine or omeprazole. 

Artemether Artemether + quinidine Artemether + Omeprazol 

Fraction of dose % 70 (57-83) +15 (-4-34) +23 (+5-40) 

Lag time h 0.1 (0.0-0.2) +0.2 (0.0-0.4) +0.1 (0.0-0.3) 

Transform 1/2 h 0.14 (0.01-0.27) -0.11 (-0.32-0.10) +0 11 (-0.22-0.44) 

Tmax h 1.6(0.9-2.3) -0.3 (-0.9-0.3) -0.5 (-1.1-0.1) 

Cmax ng/ml 32 (19-44) -3 (-19-14) +4 (-19-27) 

AUC ng.h/ml 132 (65-200) -48 (-124-28) -26 (-91-40) 

Vd/F I 1729(1038-2419) +351 (-224-926) -199 (-1268-869) 

Telim 1/2 h 1.4(0.8-2.1) -0.2 (-0.6-0.3) -0.3 (-1.0-0.5) 

Transform 1/2 = transformation half-life of artemether forming dihydroartemisinin 

ng.h/ml as found in an earlier study, a power of 80% 
and a significance level of 0.05, we calculated that we 
needed 7 subjects to detect this difference between the 
intervention and control group (22,23). This small 
number of persons studied made the likelihood of 
including a poor metabolizer in the group negligible. 

RESULTS 

The seven subjects experienced no side effects during 

two intervention groups. No differences between the 
three groups were observed. 

In Table II, the mean pharmacokinetic parameters 
for dihydroartemisinin are given in the first column. 
We have used the same model for the metabolite as 
for the parent drug. However, Kabs used in the model 
for dihydroartemisinin was actually a summation of 
the absorption rate for artemether + the transformation 
rate of artemether to dihydroartemisinin. We thus con
sidered the half-life calculated from this apparent Kabs 

the 'appearance half-life' of dihydroartemisin in 
plasma. The mean of the individual differences (and 
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this single dose study. No changes were seen in heart 
rate, blood pressure or on the electrocardiogram in the 
artemether + quinidine group checked 4 and 8 h after 
quinidine intake. 

The mean (and 95% confidence interval) 
pharmacokinetic parameters for artemether are shown 
in Table I. These parameters were calculated with 
model 2. In the same table, the mean of the individual 
differences (and 95% confidence interval) are given 
for the two intervention groups (artemether combined 
with quinidine or combined with omeprazole). These 
data show that, on an empty stomach, artemether is 
rapidly absorbed with moderate interindividual 
variability and no significant lag time. A mean peak 
level of 29 ng/ml was observed around 1 h after drug 
intake, with a mean AUC of 98 ng.h/ml. Artemether 
was rapidly eliminated with a mean elimination 
half-life of 1.3 h. Neither quinidine nor omeprazole 
changed Cmax, AUC or the elimination half-life of 
artemether. The AUC of artemether when 
co-administered with quinidine was somewhat lowered 
(from 98 to 61 ng.h/ml), but this reduction was not 
statistically significant. Figure 1 shows a graphical 
presentation of the observed mean (± SE) artemether 
plasma concentrations in the control group and in the 

95% confidence interval) are given in the second and 
third column for the two intervention groups. A graph 
for mean (± SE) dihydroartemisinin plasma-
concentrations in the three groups is shown in Figure 
2. Dihydroartemisinin showed similar pharmacokinetic 
characteristics as artemether and no statistically 
significant differences of the formation and elimi
nation of this metabolite were induced by either 
quinidine or omeprazole. 

Using model 2 (two fractions model) 35 of 42 fits 
had a higher MSC than model 1. This indicated that 
model 2 was more appropriate than model 1 for fitting 
these data. Model 2 also revealed a higher mean 
correlation (r = 0.976) between the observed and 
predicted values. Figure 3 shows the actual artemether 
concentrations in one subject (dots) and predicted 
concentrations calculated with model 1 (full line) and 
model 2 (dashed line). It clearly illustrates a better fit 
with model 2 than with model 1, indicating a second 
rise in the artemether concentrations in the blood after 
2-4 h. Not shown are the dihydroartemisinin 
concentrations where an identical second rise in 
concentration occurred after 2-A h. This phenomenon 
was seen in most individuals and not related to 
co-administration with either quinidine or omeprazole. 
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Fig. 2 : Mean (± SE) dihydroartemisinin concentrations in 7 healthy adults after intake of 100 mg artemether orally alone or in 
combination with quinidine or omeprazole. 
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DISCUSSION 

This study is the first to investigate artemether 
metabolism in Caucasian men and the influence of 
sequentially suppressing two major liver enzymes of 
the cytochrome P450 family CYP2D6 and CYP2C19. 
In this small study with 7 healthy Dutch students, we 
found no change in the pharmacokinetics of arte
mether after oral intake when CYP2D6 was 
suppressed with quinidine. 

No influence was observed either when CYP2C19 
was suppressed by omeprazole. However, due to the 
small sample size only major, clinically relevant, 
changes would have been detected as statistically 
significant. Both quinidine and omeprazole in the 
doses administered by us have been shown to directly 
and effectively inhibit CYP2D6 and CYP2C19, 
respectively (14-18). To avoid a diminished effect due 
to lag time or delayed absorption of quinidine or 
omeprazole tablets we administered them 1 h prior to 
the artemether administration. 

Our data show that artemether elimination was 
rapid in Caucasian healthy subjects after an oral dose 
of 100 mg with a mean T1/2 between 1-2 h. Studies in 
healthy Thai or Malaysian subjects reported half-lives 
of 2-3 h (7,8,24) Interethnic differences have been 

described for many drugs like some antidepressants 
and some benzodiazepins (10). These could play a role 
in the metabolism of the artemisinin derivatives and 
explain these unequal elimination half-lives of 
Caucasian and Oriental healthy volunteers. However, 
comparable artemether elimination half-lives of 1-2 h 

Fig. 3 : Observed artemether concentrations in one subject 
(black dots) and fitted curve with model 1 (full line) 
and model 2 (2 fractions model, dashed line). 
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were found by us in another study in Chinese malaria 
patients (25). 

The mean elimination half-life of dihydro-
artemisinin did not exceed 1.5 h. Overall, the con
centration-time profile of the metabolite dihydro-
artemisinin paralleled the parent drug artemether. It 
suggests a high production rate of dihydroartemisinin 
and a similar elimination rate as artemether (26). 

We calculated a high Vd/F (apparent volume of 
distribution, Vd, divided by bioavailability, F) of 2311 
1 or 31 1/kg. It means that artemether has either a high 
volume of distribution or a low bioavailability or both. 
Since there is no intravenous formulation, the absolute 
bioavailability of artemether is not known. A previous 
study in Thai volunteers revealed a mean oral 
bioavailability relative to intramuscular administration 
of 43% (27). In an earlier multiple dose study with 
artemether in Chinese patients, we found a lower Vd/F 
around 11 1/kg (25). This difference in Vd/F may be 
explained by several factors such as unequal drug 
preparations, different ideal body weights, febrile 
disease affecting Vd and F and possible inter-racial 
differences in first-pass effect. Bioavailability can be 
low because of incomplete absorption or due to a high 
first pass effect when the drug is metabolised in the 
gut wall or liver before reaching the systemic 
circulation. The high values of Vd/F and its large 
variability in our seven healthy volunteers are 
explained, in our opinion, by both a Significant inter-

The significance of the reduction in AUCs of 
artemether and dihydroartemisinin when artemether 
was given with quinidine is unclear .This unexpected 
trend might be found by chance or is possibly a result 
of diminished intestinal motility, a known side effect 
of quinidine, which would reduce the absorbtion of 
artemether. 

We conclude that artemether absorption and 
elimination is rapid in healthy Caucasian volunteers, 
and artemether metabolism is most likely not 
influenced by inhibited activity of CYP2D6 and 
CYP2C19. Although Svensson found that artemisinin 
induced CYP2C19 activity, neither this enzyme nor 
CYP2D6 seems to be of major importance for the 
elimination of artemether or dihydroartemisinin (34). 
Clinically important interethnic differences in the 
metabolism of these two artemisinin derivatives are 
not to be expected in view of the genetic 
polymorphism of these enzymes. 
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as well as intra-individual variation in absorption and 
first pass-effect. 

In this study, we found that artemether absorption 
can be subject to a biphasic kinetic profile. A second 
concentration peak was seen after 2-4 h. First, this 
double peak phenomenon has been described earlier 
for Cimetidine, furosemide, paracetamol and aspirin 
(28-31). It is believed that variable gastric emptying 
rates in the fasted state can result in variable 
absorption rates from the gastrointestinal tract causing 
double peaks in the plasma curves of drugs (28). 
Second, enterohepatic recycling of artemether could 
be another reason for this rise in drug plasma 
concentration 3 h after drug intake. A third reason for 
the two peaks could be an asynchronous disintegration 
and solubilisation of the two tablets, as in each experi
ment two tablets of 50 mg artemether were given. For 
drugs with low solubility and permeability, like arte
mether, dissolution, transit, and uptake in the gastro
intestinal tract are heterogeneous processes. These 
processes can cause high variability in gastrointestinal 
drug absorption (32). Moreover, Vietnamese artemis-
inin tablets and capsules have shown poor disinteg
ration behaviour, according to dissolution data (33). 
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Abstract Objective: To evaluate the effect of grapefruit 
juice on the pharmacokinetics of artemether in plasma 
and saliva after a single oral dose and to detect con
centration-dependent electrocardiographic changes 
(bradycardia and QTC prolongation). 
Methods: Six healthy male subjects were given a stan
dard breakfast followed by two tablets of 50-mg ar
temether administered with water; 1 week later, the 
tablets were administered with 350 ml double-strength 
fresh frozen grapefruit juice. For 8 h, 17 blood- and 
saliva samples were collected, and 17 electrocardiograms 
were recorded. Drug and metabolite concentrations were 
measured by means of high-performance liquid 
chromatography with electrochemical detection. The 

Conclusion: Grapefruit juice significantly increases the 
oral bioavailability of artemether without an effect on 
the elimination half-life. It suggests a role for intestinal 
CYP3A4 in the presystemic metabolism of artemether. 

Key words Artemisinin derivative • Artemether • 
Grapefruit juice 

Introduction 

Artemether, one of the artemisinin drugs, is increasingly 
used for the treatment of malaria in endemic areas, as it 
acts very fast, has few side effects and is effective against 
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pharmacokinetic parameters were determined using a 
one-compartment model. 
Results: Grapefruit juice significantly (P = 0.001) in
creased the mean peak concentration (Cm aJ of arte-
mether more then twofold from 42 (SD 17) ng/ml to 107 
(28) ng/ml. The time to reach Cmax (tmax) with grapefruit 
juice was 2.1 (0.6) h compared with 3.6 (17) h with water 
(P = 0.02). The area under the concentration-time 
curve (AUC) almost doubled with grapefruit juice from 
177 ng-h/ml to 336 ng.h/ml (P = 0.003). The elimina
tion half-life remained unchanged (1.0 h vs 1.3 h). No 
major changes in the kinetics of the metabolite dihy-
droartemisinin were detected. Low artemether levels and 
zero dihydroartemisinin levels were found in saliva. No 
influences of artemether were observed on 17 electro
cardiograms during the 8 h after drug intake - in par
ticular there were no signs of bradycardia or QTC 

prolongation. 

M.A. van Agtmael • V. Gupta • T.H. van der Wösten • 
J.-P.B. Rutten • C.J. van Boxtel (El) 
Department of Clinical Pharmacology and Pharmacotherapy, 
Meibergdreef 9 1105 AZ Amsterdam, The Netherlands 
e-mail: cvboxtel@xs4all.nl 
Tel: +31-20-5665298; Fax: +31-20-6965976 

multi-resistant parasites [1, 2, 3, 4]. It is expected that 
artemether (in a fixed combination tablet with lume-
fantrine) will soon be registered in Europe for the 
treatment of Plasmodium falciparum malaria in travellers 
[5, 6]. Combination therapy is preferred to monotherapy 
because artemisinin drugs given alone often result in 
relapse of malaria [7, 8]. This is possibly related to an 
observed decrease in bioavailability in multiple-dose 
regimens caused by autoinduction [9, 10, 11, 12]. 

It has been shown that grapefruit juice can increase 
the oral bioavailability of many drugs by reducing the 
'first-pass metabolism' through specific inhibition of the 
enzyme CYP3A4 present in the mucosa cell of the gut 
wall. In vitro, this is the primary enzyme involved in the 
metabolism of arteether [13, 14, 15, 16]. One glass of 
grapefruit juice has been shown to significantly increase 
the oral bioavailability of felodipine [17], cyclosporin 
[18], saquinavir [19], terfenadine [20], lovastatin [21], 
midazolam and others. It is still not clear which ingre
dients in grapefruit juice are responsible for this inter
action effect (perhaps some role for naringin and 
bergamottin?) [22]. 

In this study, we investigated the effect of a glass of 
grapefruit juice on the pharmacokinetic parameters of 
artemether and the metabolite dihydroartemisinin after 
an single oral dose of artemether in healthy subjects. 
Dihydroartemisinin is the major metabolite of arte-

mailto:cvboxtel@xs4all.nl
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mether and is at least twice as active in killing malaria 
parasites as artemether, in vitro. An increase in bio
availability of artemether could theoretically have a 
favourable effect on the efficacy. However, grapefruit 
juice could reduce the efficacy of the drug if it were to 
inhibit enzymes involved in the formation of dihy-
droartemisinin. As the metabolism pathways of arte
mether have not yet been identified, this experiment will 
provide insight into the role of CYP3A4 in the presys-
temic metabolism of artemether. 

To evaluate a non-invasive mode of sampling ar
temether, saliva samples were collected for detection of 
both artemether and its metabolite using the same assay 
[23]. 

Finally, we looked at concentration-dependent elec
trocardiographic changes. Studies in falciparum malaria 
patients treated with artemether have found asymp
tomatic prolongation of the QTC interval [24, 25, 26]. It 
is unknown whether these effects are related to the drug 
or to the malaria. 

Methods 

The study took place in the Department of Clinical Pharmacology 
and Pharmacotherapy at the Academic Medical Center in Am
sterdam. Six healthy, male, Caucasian subjects were recruited after 
a physical examination, routine blood- and urine examination, and 
a 12-lead-electrocardiogram (ECG) had revealed no abnormalities. 
Written informed consent was obtained before inclusion in the 
study. Subjects with a history of serious medical disease or any 
recent use of medication (within 1 month of the study) or a history 
of smoking, drug- or alcohol abuse were excluded. They were not 
allowed to drink alcohol, caffeine-containing beverages or grape-

Data analysis and statistics 

The measured concentrations of artemether and dihy-
droartemisinin were analysed using a curve-fitting program (Sci
entist for Windows) [29]. By means of non-linear regression 
analysis utilising a one-compartment model with a first-order input 
and output, we calculated, for each individual data set, the phar
macokinetic parameters: lagtime fti,,), absorption half-life (Ubim). 
time to reach the maximum concentration (t™,,), maximum con
centration (Cm„), area under the concentration-time curve (AUQ, 
elimination half-life (teiim|/2) and volume of distnbution/bioavail-
ability (V/f). In this model, artemether was absorbed in two frac
tions. An earlier study with artemether in healthy subjects had 
shown that this 'two-fractions' model was superior to a general 
model, in which the total unfractioned dose was absorbed [30]. The 
kinetic profile of dihydroartemisinin was described using a modi
fied model, in which the absorption rate constant was replaced by 
an 'appearance rate constant' of dihydroartemisinin in plasma. 

Differences between the kinetic parameters from the 'water 
session' and the 'grapefruit-juice session' were evaluated using a 
paired Student r-test, assuming a normal distribution of the cal
culated parameters. Conforming with previous grapefruit-juice-
drug interaction studies, we estimated that with effective enzyme 
inhibition, doubling of the AUC of artemether was feasible. Pos
tulating a mean difference for AUC of 100 ng • h/ml with a standard 
deviation of the difference of 50 ng • h/ml, a power of 80% and a 
significance level of 0.05, we would need six subjects in a paired 
study to detect this major difference [31]. 

Results 

The mean age of the subjects was 26.8 years (range 23-
35 years), mean weight 75.2 kg (65-90 kg), mean height 
181.3 m (1.67-1.90 m), mean resting heart rate 65 beats/ 
min (60-80 beats/min) and mean blood pressure 117/ 
69 mmHg (110/55-120/80 mmHg). None of the six 
subjects experienced side effects during this study. One 
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fruit juice or to eat fruit either during the 24 h before the study day 
or on the study days. The protocol was approved by the Ethics 
Review Board of the Academic Medical Centre, Amsterdam. 

After an overnight fast, the subjects were given a standard 
breakfast (one cheese sandwich), followed 1 h later by a glass of 
water and 100 mg artemether, administered as two 50-mg tablets 
(Artenam, Profarma NV, Belgium). Blood samples were taken 
before drug intake and at 0.25, 0.5,0.75, 1, 1.25. 1.5, 1.75,2,2.5,3, 
3.5, 4, 5, 6, 7 and 8 h after artemether administration. Simulta
neously, saliva was collected after stimulation by chewing on pa-
rafilm for 10 s. During this 8-h period, the subjects were only 
allowed to drink water. From an indwelling intravenous catheter 
(Venflon 2, BOC Ohmeda AB, Helsingborg, Sweden), 5-ml samples 
were drawn into vacuum polystyrene tubes (Venoject II, Terumo 
Europe, Leuven, Belgium) containing lithium heparinate. The 
blood samples were centrifuged for 10 min at 2000 g and plasma 
and saliva were stored in plastic tubes (for less than 2 months) at 
-70 °C until analysis. Reverse-phase high-performance liquid 
chromatography (HPLC) with electrochemical detection was used 
to measure the concentration of artemether and its metabolite, 
dihydroartemisinin, in plasma and saliva [27]. Seventeen 12-lead 
ECGs at 25 mm/s (Siemens, Siccard 440, München, Germany) 
were taken at the same timepoints as blood and saliva were 
collected. Individual QTC intervals were calculated [QTL.interval 
= the rate-corrected QT interval = QT interval / ^ ( R - R interval)]. 
After a washout period of 1 week, the experiment was repeated (as 
no order effect was expected, randomisation was not carried out). 
This time, instead of water, the tablets were administered with a 
glass of double-strength fresh frozen grapefruit juice (350 ml). All 
subjects were given the same type of grapefruit juice from a single 
batch (Jaffa, Albert Heyn, Zaandam, The Netherlands), which has 
shown to be an effective inhibitor of cyclosporin metabolism [28], 

subject fainted after introduction of the intravenous 
catheter due to vasovagal syncope. 

Figure 1 shows the concentration-time curves of the 
measured mean (±SE) artemether concentrations. 
Higher artemether concentrations were seen when the 
drug was taken with grapefruit juice. It also shows a 
steeper rise in concentrations during the first 2-3 h. 
Table 1 shows the mean (±SD) pharmacokinetic 

Fig. 1 Mean ( ± SE) measured artemether concentrations over time in 
the plasma of six healthy subjects who took 100 mg artemether orally 
with either a glass of water or a glass of grapefruit juice 
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parameters for artemether. Grapefruit juice reduced the 
absorption half-life significantly from 0.8 h to 0.3 h, 
contributing to a reduction of the tmax from 3.6 h to 
2.1 h. The Cmax increased significantly from 42 ng/ml to 
107 ng/ml, with a concomitant rise in AUC from 
177 ngh/ml to 336 ngh/ml. No influence on the lag-
time or elimation half-life was seen. Figure 2 shows the 
concentration-time curves of the measured mean (±SE) 
dihydroartemisinin concentrations. Like artemether, 
with grapefruit juice a steeper rise in dihydroartemisinin 
concentrations was observed, now without a change in 
Cmax or AUC. Table 2 shows the mean (±SD) phar
macokinetic parameters for the metabolite dihy
droartemisinin. Grapefruit juice did not influence the 
pharmacokinetics of the metabolite dihydroartemisinin. 
Although the Cm^ was reached almost 1 h earlier with 
grapefruit juice, this difference was not statistically sig
nificant. Figure 3 illustrates the 'two-fractions' model 
used to fit the measured concentrations of artemether 
(—•—) and dihydroartemisinin (—•—) in one of the 
six individuals taking 100 mg artemether with a glass of 
grapefruit juice. It shows that, after a lag time, the 
pharmacokinetic behaviour of the metabolite parallels 
the parent drug. Furthermore, the plot illustrates the 
good fit using the 'two-fractions' model. 

Low levels of artemether were found in saliva (data 
not shown). Most measurements in saliva were around 

Table 2 Mean ( ± SD) pharmacokinetic parameters of dihy
droartemisinin in six healthy subjects who took 100 mg artemether 
orally with a glass water or a glass grapefruit juice. t,v lag time; 
tmax time to reach Cm„; Cmax maximum concentration; tchmV7 
elimination half-life; AUC area under the concentration-time 
curve; P level of significance using Student's Mest for paired 
samples; tapl,n2 plasma-appearance half-life 

Parameters Water Grapefruit P 

t | . j (h) 1.1 (0.5) 0.7 (0.3) n.s. 
t.ppi/2 (h) 0.7 (0.2) 0.6 (0.2) n.s. 
U « (h) 3.7 (0.7) 2.8 (0.5) D.S. 

c 67 (34) 85 (26) n.s. 
(ng/ml) 
t^lim W2 0 0 0.9 (0.3) 0.8 (0.2) n.s. 
A U C ( n g h / m l ) 239 (105) 276 (83) n.s. 

or under the limit of quantification of the HPLC assay 
(5 ng/ml) and, therefore, were unreliable for pharma
cokinetic analysis. No dihydroartemisinin was detect
able in saliva. 

No abnormalities or changes in comparison with the 
pre-dose ECG were observed in the 17 ECGs carried out 
during the 8-h period after drug intake. Special attention 
was paid to bradycardia and prolongation of the QTC 

interval. No relationship between artemether concen
trations and electrocardiographic effects could be 
demonstrated; therefore, no pharmacokinetic-dynamic 
analysis was done. Figure 4 shows the course of the 



Table 1 Mean ( ± SD) pharmacokinetic parameters of artemether 
in six healthy subjects who took 100 mg artemether orally with a 
glass water or a glass grapefruit juice. tlat lag time; tah,,i2 absorp
tion half life; /„,„ time to reach Cm„; C„„.T maximum concentra
tion; tclim,;2 elimination half-life; AUC area under the 
concentration-time curve; P level of significance using Student's l-
test for paired samples 

Parameters 

ti,g (h) 
Ubsi ii (h) 
UaxOl ) 
Cma, (ng/ml) 
U n , 1- (h) 
AUC (ng-h/ml) 

Water 

0.8 (0.5) 
0.8 (0.1) 
3.6 (0.9) 

42 (17) 
1.0(0.3) 

177 (49) 

Grapefruit 

0.7 (0.3) 
0.3 (0.2) 
2.1 (0.6) 

107 (28) 
1.3 (0.2) 

336 (53) 

n.s. 
< 0.001 

0.02 
0.001 

n.s. 
0.003 

mean (±SE) QTC interval (in ms) during those 8 h. It 
illustrates the great overlap between the 'water' and 
'grapefruit' sessions and no tendency for QTC prolon
gation around the peak concentration (2-3.5 h). During 
the absorption phase of artemether, between 1 h and 
3 h, a discrete shortening of the QTC interval can be 
observed in both groups. Hereafter, the QTC slowly 
increases. These changes, however, are minor and within 
5-10% of the QTC before drug intake. Of 204 ECGs, in 
two the QTC was prolonged 10-15% and in one 15-20%. 
These three ECGs were from three different volunteers 
in the grapefruit group, two at 1.75 h and one at 7 h 
after drug intake. They experienced no arrhythmia or 
clinical symptoms. No relationship was found with a 
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Fig. 2 Mean (± SE) measured 
dihydroartemisinin concentra
tions over time in the plasma of 
six healthy subjects who took 
100 mg artemether orally either 
with a glass water or a glass 
grapefruit juice -water 

-grapefruit juice 
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Fig. 3 The 'two-fractions' model used to fit the measured concentra
tions of artemether (—•—) and dihydroartemisinin (—•—) in one 
individual taking 100 mg artemether with a glass of grapefruit juice 

high artemether or dihydroartemisinin concentration in 
these three subjects. 

Discussion 

The results show that a glass of grapefruit juice increases 
the bioavailability of artemether after a single oral dose. 
More than a doubling of the Cmax and almost a doubling 
of the AUC was observed. This is the first study to 
demonstrate a grapefruit-drug interaction for arte
mether, with an effect similar to that found for previously 
described drugs [22, 32]. The results suggest that 
CYP3A4 plays an important role in the presystemic 
metabolism of artemether. In other words, artemether 

were too low, even after food and grapefruit juice, to 
find significant artemether levels in saliva well above the 
limit of quantification of the assay (5 ng/ml). A saliva/ 
plasma ratio close to the unbound drug fraction in 
plasma has been described for artemether in rabbits [36]. 
In humans, an unbound fraction of 13% for artemisinin 
was found and 21% for arteether [23, 37]. No data have 
been published on protein binding for artemether in 
humans. Due to the low dose used in this study, we were 
unable to draw conclusions concerning protein binding 
and saliva concentrations of artemether. 

Less variability of Cmax and AUC was observed in the 
'grapefruit results' than the 'water results'. The coeffi
cient of variation (= (SD/mean) * 100%) for Cm^ was 
26% compared with 40% for the 'water results'. For 
AUC, the variation reduced from 28% to 16%. It is 
known that there is a 20- to 50-fold difference in CYP 
3A activity in the normal population [38]. This is 
probably one of the reasons for the high variation found 
in pharmacokinetic studies. If grapefruit juice could 
convert a normal population to approximately the same 
level of CYP 3A4 activity, this would reduce this vari
ability, as we found in this study [14]. 

Although other studies in falciparum malaria patients 
treated with artemether have shown electrocardio
graphic changes during treatment, especially bradycar
dia and QTC prolongation, we did not find any 
important changes in our study [26].The minor changes 
found can be considered as natural variation of the QTc 
interval [39]. This suggests that the changes found on 
ECG tracings in malaria patients are either secondary to 
malaria or related to a treatment with artemether con
taining a dose higher than 100 mg. 
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seems liable to a significant first-pass metabolism that 
can be reduced by grapefruit juice. 

The faster absorption with grapefruit juice can be 
explained either by the larger fluid intake (350 ml) than 
with the water session (160 ml), thus facilitating the 
absorption, or by an effect of grapefruit juice itself (ac
celerated gastric emptying or faster dissolution of the 
tablet). 

Why is the increase in artemether not followed by an 
increase in the metabolite dihydroartemisinin? There are 
several options to explain this. The dihydroartemisinin 
concentration is the sum of that formed during ab
sorption of artemether (in the gut) and that formed from 
absorbed artemether (in the liver). If the majority of 
dihydroartemisinin is formed during absorption and 
now blocked by grapefruit juice, the increase in dihy
droartemisinin concentrations can be minor. Studies 
have shown a higher dihydroartemisinin/artemether ra
tio after oral than intramuscular administration of ar
temether, which suggests that indeed some 
dihydroartemisinin is formed in the gastrointestinal tract 
[33]. Besides, formation of dihydroartemisinin possibly 
takes place also in the acid environment of the stomach; 
this has been described for oral arteether [34, 35]. 

We measured low levels of artemether and no de
tectable dihydroartemisinin in saliva. The plasma levels 

Comparison with other studies 

Food prolonged the tmax significantly (3.6 h vs 0.8 h) 
and increased Cmax and AUC of artemether and dihy
droartemisinin almost twofold compared with the re
sults of a previously published study we did in seven 
healthy white subjects who received 100 mg artemether 
orally with water on an empty stomach [30]. This effect 
of food was also found in a cross-over study in 16 male 
Chinese volunteers [40]. 

In a recent study, we administered 100 mg artemether 
orally to eight healthy Vietnamese volunteers in the 
south of Vietnam either with water or (with a washout 
period of 2 weeks) with 350 ml freshly squeezed juice 
from local grapefruits, and the results were similar to 
this study, although less pronounced (different grape
fruit juice, not double concentrated). Combined with 
juice, the mean AUC of artemether increased from 
206ngh/ml to 309ng-h/ml (P = 0.058). The mean 
Cmax increased from 79 ng/ml to 103 ng/ml (P = 0.14). 
No changes were found for dihydroartemisinin. The 
same local grapefruit juice was evaluated in eight Viet
namese patients with uncomplicated falciparum malaria 
who were treated with 200 mg artemether on / = 0 h 
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Fig. 4 Mean (±SE) QTc interval (in ras) measured on 17 electro-
cardiograms over an 8-h period from six healthy subjects who took References 
100 mg artemether orally with a glass water or a glass grapefruit juice 
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(with water), 8 h (with water) and 16 h (with grapefruit 
juice), followed by 750 mg mefloquine on t = 24 h. No 
differences were observed between the mean artemether 
On« (357 ng/ml vs 352 ng/ml) and AUC (1239 ng-h/ml 
vs 1292 ng-h/ml) after the first and the third gift (van 
Agtmael, unpublished data). First, these results show 
that locally squeezed Vietnamese grapefruit juice also 
increases the bioavailability of artemether in healthy 
Vietnamese subjects, although less pronounced than 
double-strength fresh frozen grapefruit juice. Second, in 
Vietnamese patients, a two fold higher dose of 200 mg 
resulted in a four fold higher Cmax and six fold higher 
AUC than in healthy Vietnamese subjects who were 
given 100 mg. This suggests that either malaria increases 
drug levels or artemether is subject to a dose-dependent 
saturable first-pass metabolism [41]. Saturation kinetics 
would explain why grapefruit juice had no effect on 
artemether when a higher dose was given. 

We have shown that the bioavailability of a single 
oral dose of 100 mg artemether in healthy subjects can 
be doubled when taken with a glass of grapefruit juice. 
Considering the marked decline in bioavailability of 
artemether over time during a multiple-dose regimen, 
this simple method could theoretically increase the effi
cacy (and lower the cost) of the malaria treatment. This 
should be evaluated in a randomised clinical study. 
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Abstract 
Background: Artemether is a new and effective 
treatment for malaria although relapse is a 
problem m monotherapy. These relapses could 
be related to a time-dependent decline in 
artemether plasma levels described m multiple 
dose studies and probably caused by 
autoinduction. The aim of this study was to 
evaluate the effect of grapefruit juice on the 
decreasing bioavailability over time of arteme
ther. 
Methods. In a randomised, two-phase crossover 
study, 8 healthy male subjects took 100 mg 
artemether orally with 350 ml water or 350 ml 
double strength fresh frozen grapefruit juice 
once daily for 5 days. On day 1 and day 5 
seventeen bloodsamples were collected over a 
period of 8 hours. 
Results. The mean peak artemether plasma 
concentration (Cmax) and the mean area under the 
concentration-time curve (AUC) after the last 
dose at day 5 were about one third compared to 
day 1 without a change in the elimination halflife 

(t]/2) after intake with water (P = 0.006 for Cmax, 
P= 0.005 for AUC) as well as grapefruit juice 
(P<0.001 for e™« and AUC). Grapefruit juice 
increased Cmax (P=0.021) and AUC (P<0.001) 
twofold on day 1 (P=0.021) and day 5 (P=0.05 
for Cmax and P=0.004 for AUC). The active 
metabolite dihydroartemisinin showed a twofold 
rise m Cmax (P=0.006) and AUC (P=0.001) with 
grapefruit juice, without time-dependent changes 
of pharmacokinetic parameters. 
Conclusions. Grapefruit juice significantly 
increased the oral bioavailability of artemether 
but did not prevent the time-dependent reduction 
m bioavailability. It suggests that CYP3A4 in 
the gutwall is one of artemether's metabolizing 
enzymes but seems not involved in the 
autoinduction proces 

Introduction 
Artemether is derived from artemisinin which is 
a natural product extracted from sweet 
wormwood (Artemisia annua). Other 
artemisinin derivatives are arteether, artesunate 
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and dihydroartemisinin. They are increasingly 
used in malaria endemic areas for the treatment 
of malaria having a fast onset of action, little 
side effects and good effectivity against multi-
drugresistant parasites.1 However, a high rate of 
recrudescence is reported in monotherapy with 
these compounds.2 Factors contributing to this 
reduced efficacy are the short halflife of 1-3 
hours and possibly the recently described 
remarkable time-dependent pharmacokinetics 
For artemisinin it was found that the maximum 
plasma concentrations (Cmax ) and area under the 
plasma concentration-time curves (AUC) in 
patients treated for malaria were only 20-30 % 
after 5 days therapy compared to day 1.4 An 
identical phenomenon was found in healthy 
subjects which suggested that this marked time-
dependent decrease in bioavailability was not 
caused by the disease.5 In a study in Chinese 
malaria patients we found that the mean Cmax of 
artemether after the 4th dose at 48 hours was 
only one third compared to the first dose while 
the metabolite dihydroartemisinin increased over 
time6 It is thought that through autoinduction 
artemisinin concentrations in plasma decrease 
over time in multiple dose studies. It is unknown 

bioavailability during a 5 days oral course and 
evaluated the effect of concomitant intake with a 
glass of grapefruit juice on the decline in 
bioavailability. 

Methods 
The study took place in the Department of 
Clinical Pharmacology & Pharmacotherapy at 
the Academic Medical Center Amsterdam. Eight 
healthy male white subjects, all Dutch students, 
were recruited. Their mean weight and height 
were 77.6 kg (range 69-93 kg) and 1.90 m 
(1.82-1.97 m) respectively. A complete physical 
and laboratory examination (hematology, 
biochemistry and urinanalysis) and 
electrocardiogram were done to ensure that all 
subjects were healthy. Written informed consent 
was obtained before inclusion. Subjects with a 
history of serious past medical disease or any 
recent drug use (within one month of the study) 
or a history of smoking, drug-or alcohol abuse 
were excluded. They were not allowed to drink 
alcohol, caffeine-containing bevarages, 
grapefruit juice or eat fruit in the 24 hours before 
the study day and on the study day. The protocol 
has been approved by the Ethics Review Board 
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which enzymes are involved in this 
autoinduction although recently it was found that 
artemisinin induced omeprazole metabolism in 
human beings which was associated with 
increased hydroxylation by CYP 2C19. 
Autoinduction of drug metabolizing enzymes 
has also been described for nfampicin, rifabutin 
and carbamazepine and is generally associated 
with increased CYP 3A4 activity.8"10 

Grapefruit juice can mcrease the oral 
bioavailability of many drugs by specific 
inhibition of CYP3A4 m the gut wall, hereby 
reducing the 'first-pass' elimination. ' ' 
Recently we discovered that a glass of grapefruit 
juice doubled the Cmax and AUC of artemether 
after a smgle oral dose in healthy subjects.14 

The rationale for this study was to postulate a 
role for intestinal CYP 3A4 in the autoinduction 
of artemether. Autoinduction of intestinal 
metabolism has been described for oral 
rifampicin. 15 If one assumes that CYP3A4 is 
involved in the (auto)induction of artemether, 
one would expect that grapefruit juice could 
(partially) block this process. 
In this study we investigated in healthy subjects 
the time-dependent decline in artemether 

of the Academic Medical Center, Amsterdam. 
After an overnight fast the subjects received 100 
mg artemether as two 50 mg tablets (Artenam ®, 
Profarma NV, Belgium) which is a usual clinical 
dose. The tablets were crushed to reduce 
variance in dissolution and absorption which 
was observed in an earlier study.1 The crushed 
tablets were administered with either 350 ml 
plain water or 350 ml double strength grapefruit 
juice. All subjects received the same type of 
grapefruit juice from a single batch (Jaffa 
Choice grapefruitsap 1+3 ®, Albert Heyn, 
Zaandam, The Netherlands) which has shown to 
effectively increase cyclosporine and artemether 
levels.14'16 To randomize for intake with water or 
grapefruit juice, order randomisation was carried 
out with closed envelopes. There was a washout 
period of one month. No food-intake was 
allowed during 8 hours. Bloodsamples were 
collected before drugintake and at 0.25, 0.5, 
0.75, 1, 1.25, 1.5, 1.75, 2, 2.5, 3, 3.5,4, 5, 6, 7 
and 8 hours after artemether intake (total of 17 
samples). From an indwelling intravenous 
catheter (Venflon 2®, BOC Ohmeda 
AB,Helsingborg, Sweden) 5 ml samples were 



167 

drawn into vacuum polystyrene tubes (Venoject 
II®, Terumo Europe, Leuven, Belgium) 
containing lithium heparinate. The samples were 
directly stored in ice and within several hours 
centrifuged for 10 minutes at 4000 rpm and 
transferred into plastic aliquots and stored (less 
than 2 months) at -70 C until analysis. Reversed 
phase HPLC with electro-chemical detection was 
used to measure the concentration of artemether 
and dihydroartemisinin in plasma.17 On day 1 
and 5 the experiment took place in our 
laboratory. On day 2, 3 and 4 the subjects took 
the tablets at home m the morning after an 
overnight fast with 350 ml of water or grapefruit 
juice. 

Data analysis and statistics 
Concentrations of artemether and 
dihydroartemisinin were analysed in a one 
compartmental model with a lag time (tiag), a 
first order absorbtion (in 2 fractions) and a first 
order elimination to calculate the 
pharmacokinetic parameters: tug, tabsi/2, Uax 
,Cmax, AUC and elimination halflife (ty2) using a 
non-linear regression program.18 A previous 
smgle dose study with artemether in healthy 

Results 
Artemether and grapefruit juice were well 
tolerated by all subjects without any observed 
adverse effects. 
Artemether. Figure 1 shows the mean (±s.e.) of 
the measured artemether concentrations on day 1 
and day 5 when administered with water and 
with grapefruit juice. On day 1 and day 5 more 
then twofold increase of the concentrations was 
observed when the tablets were taken with 
grapefruit juice. Futhermore, the concentrations 
on day 5 are reduced to about one third of those 
at day 1. This time dependent reduction was also 
seen when artemether was taken with grapefruit 
juice. Table I shows the mean (±s.d.)values of 
the individually modelled pharmacokinetic 
parameters for artemether on the 4 study days. 
The variation in tmax values, explains why in the 
plot of the mean concentrations (figure 1) the 
Cmax does not reach the Cmax values in the 
tables. Artemether was rapidly absorbed without 
a significant lagtime and reached a maximum 
concentration of 68 ng/ml within 2 hours with 
moderate interindividual variability(s.d. 41 
ng/ml). The elimination was fast with a ti/2 less 



adults had shown double peaks in the 
concentration-time profiles probably related to 
variable dissolution of the tablets or gastric 
emptying.19 Therefore we used a similar model 
in this study where the dose is absorbed in two 
fractions. Differences between the kinetic 
parameters on day 1 and day 5 and the 
pharmacokinetic effects of grapefruit juice were 
evaluated with a paired two-tailed Student t-test 
assuming the data to be normally distributed. 
We expected that the grapefruit effect would 
give a twofold increase in plasma levels and the 
autoinduction a twofold decrease in plasma 
levels. We assumed a moderate variability where 
the standard deviation s.d = 0.5 * mean of a 
pharmacokinetic variable.Usrng a standardized 
difference (difference/s.d.) of 2, n=8 and P=0.05 
a power of >80% would be achieved. 
Differences were regarded as statistically 
significant when P was < 0.05. A correction for 
multiple comparisons was made using the 
Bonferrom method (P/n= 0.05/8=0.0063).20 The 
data are expressed as mean ± standard deviation 
(s.d.) in the tables and text and as mean ± 
standard error of the mean (se.) in the figures. 

then an hour. On the 5th day, after 4 days of 
therapy, there is a remarkable reduction in Cmax 

(P=0.006) and AUC (P=0.005), to one third of 
the Cmax - and AUC -values on day 1 while Ua 
remamed unchanged. Four of eight subjects had 
very low concentrations on day 5 (marginally 
above the detection limit of the assay). In these 
subjects the measured, and not modelled, Cmax 

and AUC were given. With grapefruit juice a 2 
and 2.6 fold rise in Cmax was observed on day 1 
(P=0.021) and day 5 (P=0.05) respectively with 
a concomitant rise in AUC of 2.4 (PO.001) and 
3.5 fold (P=0.004). The mean of the individual 
ratios AUCgrapefhut /AUC water was 3.2 (range 1.4 
to 5.0) on day 1 and 2.9 (1.6-19.1) on day 5. 
Similarly, with grapefruit juice a one third 
reduction m artemether Cmax and AUC from day 
1 to day 5 was observed. The mean of the 
individual ratios AUCday5 /AUC day î was 0.34 
(range 0.07-0.58) with water and 0.21(0.07-
0.62) with grapefruit juice. Four hours after drug 
intake 3/8 subjects on day 1 and 6/8 subjects on 
day 5 had undetectable artemether levels in their 
blood. With grapefruit juice 0/8 subjects on day 
1 and 3/8 subjects on day 5 had undetectable 
levels four hours after drug intake. 
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"water 

* grapefruit juice 

Figure 1 Mean (±s.e ) of the measured artcmcther concentrations on day 1 and day 5 when 
100 mg artemether daily was administered with water or with grapefruit juice. 
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Table I Mean (±s.d.) values of the individually modelled pharmacokinetic parameters for artemether 

on the 4 study days. 

water grapefruit 
day 1 day 5 day 1 day 5 

tlag h 0.1 (0.1) 0.1 (0.1) 0.2(0.2) 0.3(0.1) ns 

tabs 1/2 h 0.2 (0.1) 0.2 (0.2) 0.4 (0.2) 0.3 (0.2) *1 

tmax n 1.7 (0.5) 1.6(0.8) 1.7(0.5) 1.9(0.4) ns 

Cmax ng / m l 68 (41) 19 (13) 139(48) 49 (38) *2 

AUC ng*h/ml 149(87) 35 (30) 364 (93) 123 (84) *3 

tl/2 h 0.8 (0.4) 0.5(0.1) 0.7 (0.2) 0.5 (0.2) ns 

* 1 p=0.006 day 1 water vs grapefruit 
*2 p=o.006 day 1 vs day 5 (water), p<0.001 day 1 vs day 5 (grapefruit), p= 0.021 day 1 water vs 
grapefruit, p=0.05 day 5 water vs grapefruit 
*3 p=0.005 day 1 vs day 5 (water), p<0.001 day 1 vs day 5 (grapefruit), p<0.001 day 1 water vs 
grapefruit, p=0.004 day 5 water vs grapefruit 
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when 100 mg artemether daily was administered 'with water or with grapefruit juice. 
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Table II Mean (±s.d.) values of the individually modelled pharmacokinetic parameters for 
dihydroartemisinin on the 4 study days. 

water grapefruit 
day 1 day 5 day 1 day 5 

tlag h 0.2 (0.1) 0.1 (0.1) 0.3 (0.1) 0.3 (0.1) *1 

tapp 1/2 h 0.2 (0.2) 0.4(0.3) 0.5 (0.1) 0.4 (0.2) *2 

tmax n 1.7 (0.5) 1.6(0.8) 1.7 (0.5) 1.9 (0.4) ns 

Cmax n g / m l 100 (43) 78 (28) 146 (61) 179 (63) *3 

AUC ng*h/ml 269(117) 231 (65) 438(149) 486(118) *4 

| ti/2 h 1.0 (0.3) 0.8(0.3) 0.8 (0.3) 0.8 (0.3) ns 

*1 p=0.03 day 1 water vs grapefruit, p=0.025 day 5 water vs grapefruit 
*2 p=0.009 day 1 water vs grapefruit 
*3 p=0.006 day 5 water vs grapefruit 
*4 p=0.001 day 1 water vs grapefruit, pO.001 day 5 water vs grapefruit 
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Dihydroartemisinin Dihydroartemisinin 
paralleled the pharmacokinetics of artemether 
but reached a higher Cmax and AUC. However, 
no changes were observed on the 5th day 
compared to the first day. (Figure 2) Grapefruit 
juice increased Cmax 15 fold on day 1 (p=0.062) 
and 2.3 fold on day 5 (p=0.006). The AUC 
showed a 1.6 fold increase on day 1 and a 2.1 
fold increase on day 5. Again no changes were 
found in the ti/2.(Table II) The mean of the 
individual [artemether] / [dihydroartemisinin] 
ratios was 1:2 on day 1 with water or a mean 
ratio(s.d) of 0.51(0.40), almost 1:1 on day 1 
with grapefruit juice (0.93 (0.53)), 1:7 on day 5 
with water (0.15(0.20) and 1:4 on day 5 with 
grapefruit juice (0.25(0.16)). Overall this ratio 
seemed not concentration-dependent in the 0-
300 ng/ml range with a 100 mg dose . Six hours 
after drug intake 2/8 subjects on day 1 and 4/8 
subjects on day 5 had undetectable 
dihydroartemisinin levels in their blood Six 
hours after drug intake with grapefruit juice 1/8 
subjects on day 1 and 1/8 subjects on day 5 had 
undetectable levels. 

Discussion 

artemether did not significantly inhibit 
mefloquine, halofantrine or primaquine 
metabolism which suggests that liver CYP3A4 
is not important in artemether's metabolism. 
However in a previous single dose study we 
found that grapefruit juice, being a specific gut 
CYP3A4 inhibitor, doubled the AUC of 
artemether.14 

In this multiple dose study we have shown that 
grapefruit juice significantly increases plasma 
levels of artemether on the first and last day of 
the regimen without an influence on the time-
dependency of artemether kinetics. It suggests 
that CYP3A4 is involved in intestinal 
metabolism of artemether but that its 
autoinduction is not caused by increased 
intestinal CYP3A4 activity. However, as 
grapefruit juice does not have an effect on 
liverenzyme activity, it can not be excluded that 
liver CYP3A4 is involved Probably 
autoinduction and the 'grapefruit effect' have 
different underlying mechanisms. 
The decline in artemether levels coinsided with a 
decrease in drug/metabolite ratio from 1:2 on 
day 1 to 1:7 on day 5, consistent with induction 
of metabolism However, the absolute 
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This is the first study describing a time-
dependent decline in plasmalevels of artemether 
in healthy subjects. This decline in plasma levels 
can be considered as a major pharmacokinetic 
phenomenon as it reached statistical significance 
in this small study (n=8) comparing Cmax and 
AUC on day 1 and day 5, even after Bonferroni 
correction for multiple comparisons (using P < 
0.0063)20. Recently we demonstrated in patients 
that artemether was subject to autoinduction, 
like its parent compound artemisinin. This 
mduction was apparant after 2 days which is 
remarkably fast because generally for enzyme-
induction more time is required for de novo 
synthesis of enzymes. Although generally 
(auto)induction of drug metabolizing enzymes 
will predominantly take place in the liver, 
autoinduction of enzymes in the gutwall has also 
been described for nfampicin.15 It is not clear 
whether the autoinduction by artemisinin drugs 
takes place in the liver or in the intestine or both 
and which enzymes are involved. In vitro it was 
found that CYP3A4 is the primary enzyme 
involved in the metabolism of arteether into 
dihydroartemisinin.21. Interaction studies have 
been done in human liver microsomes where 

dihydroartemisinin concentrations were not 
higher on day 5 compared to day 1. Why does 
the induction not lead to increased metabolite 
concentrations on day 5? Four theoretical 
explanations can be given for the absence of 
time-dependency in the metabolite 
pharmacokinetics. First, the autoinduced enzyme 
is not responsable for the formation of 
dihydroartemisinin but for an other unidentified 
metabolite of artemether. Second, the formation 
and elimination of dihydroartemisinin are both 
induced which would netto not influence the 
dihydroartemisinin concentrations. Third, 
induction of first pass metabolism will lower 
artemether plasma levels and decrease 
metabolite concentrations if the metabolite is not 
a product of the first pass metabolism. Fourth, 
an important part of dihydroartemisinin is 
formed by non-enzymatic hydrolysis in the acid 
environment of the stomach as described for 
arteether.25 

The lack of an intravenous formulation of 
artemether makes it impossible to calculate the 
absolute bioavailability. It is thought that the 
oral bioavailability of artemether is low. In a rat 
perfusion model artemisinin exhibited high 
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jejunal permeability and was no substrate or 
inducer of P-glycoprotein.26 Our observed 
interaction with grapefruit juice suggests that 
artemether is subject to a significant intestinal 
first pass metabolism. Previous studies have 
shown higher concentrations of 
dihydroartemisinin after oral than intramuscular 
artemether administration which supports that 
there is metabohsation of artemether in the 
digestive tract.27 

In conclusion, an oral treatment course with 
artemether is probably more effective when the 
tablets are taken with grapefruit juice.We 
demonstrated in this study a 2-fold rise in the 
amount of drug and active metabolite in plasma, 
during the full treatment course. Although 
grapefruit juice could not antagonise the 
autoinduction of artemether, theoretically by 
increasing and prolonging effective plasmalevels 
it could reduce the recrudescence rate in 
monotherapies with artemether. However, 
caution is necessary concerning neurotoxicity, 
described in animals after high dose artemether 
administration.28 The efficacy and side effects of 
concomitant grapefruit juice administration 
should be evaluated in a clinical study in an 

4.Hassan Aim M, Ashton M, Kihamia CM, 
Mtey GJ, and Bjorkman A. Multiple dose 
pharmacokinetics of oral artemisinin and 
comparison of its efficacy with that of oral 
artesunate in falciparum malaria patients Trans 
R Soc Trop Med Hyg 1996;90: 61-65 
5. Ashton M, Trinh Ngoc Hai, Nguyen Duy Sy, 
Dinh Xuan Huong, Nguyen van Huong, Nguyen 
Thi Nieu, Le Dinh Cong Artemisinin 
pharmacokinetics is tune-dependent during 
repeated oral administration in healthy male 
adults. Drug Metab Dispos 1998;26: 25-27 
6. Van Agtmael MA, Jiao Xiu Qmg, Shan 
Cheng-Qi, Mull R, and Van Boxtel CJ. Multiple 
dose pharmacokinetics of artemether in Chinese 
patients treated for Plasmodium falciparum 
malaria. Int J Antimicrob Agents 1999; 12:151-
158 
7. Svensson US, Ashton M, Trinh NH, 
Bertilsson L, Dinh XH, Ngyuyen VH et al. 
Artemsinin induces omeprazole metabolism m 
human bemgs. Clm Pharmacol Ther 1998;64(2): 
160-7 
8. Strolin Benedetti M, Dostert P. Induction and 
autoinduction properties of rifamycin 
derivatives: a review of animal and human 



176 

endemic malaria area where artemether 
monotherapy is common use. For low health-
budget countries, adding grapefruit juice to a 
drug regimen would be more cost-effective then 
doubling the dose. Finally, drug-drug 
interactions (in malaria combination-therapy, in 
women using oral anticonceptives etc.) need to 
be studied in vitro and in vivo to analyze the 
strong inductive capacities of artemisinin 
compounds and to identify which enzymes are 
mvolved in this mduction process. 
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In this thesis several studies are 
discussed that were done with artemether. 
Artemether is a semi-synthetic derivative of 
artemisinin and has a specific and potent 
killing activity against the malaria parasite. 
Artemisinin is isolated from the leaves and 
flowers of a 2 to 3 meters high plant called 
Artemisia annua or sweet wormwood. For 
several reasons there is a growing need for a 
new medicine in the treatment of malaria. 
First, in the last decennia the malaria 
parasite was able to became increasingly 
resistant against most drugs used in the 
treatment of malaria. At this moment there 
are certain areas in South-East Asia, where 
only artemisinin drugs can he utilized in the 
Fight against malaria as the result of parasite 
strains that have become resistant against all 
formerly introduced drugs. Second, side-
effects of currently used drugs, like quinine 
and mefloquine (Lariam), are such that it 
would be more patient-friendly to use a drug 
with less or no side-effects. Third, 
worldwide, the mortality remains high for 
malaria. Still 1 to 2 million people die, 

hiding place of the malaria parasite in the 
red blood cell. The efficacy and safety are 
discussed as well as aspects of the 
pharmacokinetics (what the body does to the 
drug). Their place in the arsenal of 
antimalarial drugs is evaluated. The 
rationale of combination-therapy to prevent 
the development of resistance for 
artemisinin drugs is discussed. Clearly a 
lesson we have learned from the past with 
mainly mono-therapy treatments. This year 
the first registration in Europe of one of 
these compounds (the oral combination 
tablet artemether + lumefantrine, developed 
by Novartis) will take place and therefore 
European doctors and patients will be 
confronted with this new group of drugs for 
the treatment of malaria. 
There seems to be no role for these drugs in 
prophylaxis because we do not know their 
Iongterm effects. Animals who received 
high doses of artemether or arteether 
developed serious brain stam damage. 
Neurotoxicity, however, has never been 
found in humans, although these compounds 
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mostly children between 1-5 years old in 
Africa, as a result of a severe or cerebral 
falciparum malaria. Recently it was said that 
the mortality caused by AIDS in Africa has 
been overtaken by the mortality caused by 
malaria. The World Health Organisation has 
put the combat against malaria, together 
with the combat against smoking, on their 
list of top priorities for the coming century. 
The antigenic variation of the parasite 
during its complex life cycle is one of the 
reasons that the development of a good 
malaria vaccine has been disappointing until 
now. Therefore we are currently still 
dependent on effective pharmacotherapy to 
combat the malaria problem. 

In a review in chapter 2 we discuss 
the different artemisinin derivatives that 
have been developed for oral, intramuscular, 
rectal and intravenous administration. The 
mechanism of action is explained including 
the reason for their specific action at the 

have been given to hundreds of thousands of 
Asian patients. It is not unlikely that these 
drugs will be introduced as 'standby 
treatment' for travellers. It means that the 
traveller will visit a low risk malaria area 
without malaria-prophylaxis and will start 
self-treatment in case of fever (possibly after 
a self-test to diagnose malaria). 

In chapter 3 our method to detect 
artemisinin derivatives and metabolites in 
plasma is evaluated. The paper discusses the 
accuracy and precision of this assay. The 
unique and active part within the chemical 
structure of the group of artemisinin drugs is 
an endoperoxide bridge. This structure is 
reduced at the working electrode and the 
signal of the resulting electric current is used 
for detection. Important for a good detection 
is the rigorous deoxygenation of the plasma 
samples and the device. The assay is 
difficult to set up and execute and can only 
be carried out by a specialised laboratory. 
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The assay is very sensitive up to 5 ng/ml and 
there is no known cross- reaction with other 
chemical compounds. 

Dipsticks detecting drugs or their 
metabolites in urine can be valuable to check 
patient compliance. Furthermore it is an easy 
method to evaluate the use and abuse of a 
drug in a large population. A good example 
of abuse of new drugs are the artemisinin 
drugs which are being sold 'over the 
counter' in many malaria endemic countries. 
In chapter 4 we present the results of a 
method developed in our laboratory to detect 
artemisinin compounds/metabolites in urine. 
With antibodies against artelinic acid, 
produced by immunized mice, it was 
possible to detect compounds of artemisinin 
in urine for about 8 hours after intake (the 
most sensitive results were found after 
intake of artemether). The excretion pattern 
in urine nicely paralelled the concentration 
pattern over time in plasma. 

Are there differences between the 
several artemisinin drugs with respect to 
their pharmacokinetics (what the body does 

combination tablet containing artemether + 
lumefantrine. The results show that the 
absorption of artemether from the gut is fast 
(1 to 2 h) and it is also rapidly eliminated 
(halflife 1 to 2 h). For artemether in the 
combined formulation the mean absorption 
time lasted half an hour longer. More 
striking was that the peaklevel of artemether 
after the last gift at 48 h was only one third 
of the peak level after the first gift with the 
same dose. This seems not to be related to 
the recovery from malaria because we have 
also observed this decline in plasma levels 
overtime in healthy subjects. The metabolite 
dihydroartemisinin appeared to rise over 
time, which suggests that artemether is 
subject to auto induction, in other words it 
enhances its own breakdown within the 
body. Because the metabolite has also 
parasiticidal activity, it is unclear if this 
phenomenon will have consequences for the 
effectivity. 

The same combination tablet studied 
in chapter 6, artemether + lumefantrine, was 
evaluated in a randomized multicenter trial 
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to the drug) and their pharmacodynamics 
(what the drug does to the body and to the 
'bug') In chapter 5 different compounds are 
compared for these aspects. Concerning 
pharmacodynamics, i.e. killing of parasites 
and the subsequent clearance of the 
parasitized red blood cells from the blood, 
there appeared to be no major differences. 
The parasiticidal activity of the derivatives 
in vitro however is higher than the parent 
compound artemisinin. The tolerability of 
the différents products in general was good. 
All have a short elimination halflife of 1 to 2 
hours except the intramuscular arteether 
with an elimination halflife of 24 hours 
although others have argued that this is 
possibly the result of slow release from the 
depot in the muscle. The bioavailability after 
oral and rectal administration is low. 

In the third part of this thesis studies 
with artemether in patients are described 
while in the fourth part studies with 
artemether are reported in healthy subjects. 
In chapter 6 the results of a study in 
Chinese malaria patients are presented who 
were treated with artemether or a fixed 

in the Academic Medical Center in 
Amsterdam and in 7 hospitals in France in 
chapter 7.The efficacy and tolerability was 
analysed in 51 travellers returning from the 
tropics with uncomplicated malaria and 
compared with 52 travellers with malaria 
who were treated with halofantrine. With the 
artemether containing regimen the parasites 
disappeared from the blood median 16 h 
earlier compared to halofantrine. This was 
however not accompanied with a faster 
defervescence. Both drugs were well 
tolerated . An asymptomatic prolongation of 
the QTC interval on the electrocardiogram 
was found for halofantrine during the 
expected peak concentrations. In this trial 8 
patients had a recrudescence; the malaria 
returned again after treatment. We 
concluded from this study that the treatment 
duration of 2 days was probably to short for 
this group of patients with no immunity for 
malaria. Remarkably, the cure rate with the 
same combination drug in Chinese patients 
in the study reported in chapter 6 who had 
received the similar 2 days regimen was 98 
%. Probably the smaller posture, resulting in 
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higher drug concentrations, and pre-existing 
immunity in the Chinese patients 
contributed to this difference in cure rate. 
Moreover, the moderate absorption of 
lumefantrine on an empty stomach has 
probably played a role as well in this low 
cure rate of 82 % in our study. Intake of 
tablets with food and a three instead of two 
days regimen will probably optimize the 
effectivity. 

'Poor metabolizers' are people with 
certain drug-metabolizing enzymes which 
are less active than normal. Generally there 
is a minority in each population with the 
genetic constitution for these slow acting 
enzymes. The prevalence of this poor 
metabolizing state is different per race. This 
variance in expression of certain DNA-
encoded characteristics, like enzyme 
activity, is also called genetic 
polymorphism. It has been described for two 
enzymes from the cytochrome P-450 family; 
CYP 2D6 and CYP 2C19. In chapter 8 we 
have transformed 7 healthy subjects in to 
'poor metabolizers' for these two enzymes 

artemether plasma levels are rather low after 
oral intake and even decline after multiple 
dosing (chapter 6), we evaluated the effect 
of een glass of grapefruit juice on artemether 
levels in 6 healthy male Caucasian subjects 
in chapter 9. A two fold rise of the peak 
level and the AUC (a measure of total drug 
exposure) was observed. It suggests that the 
enzyme 3A4 plays a role in the first pass 
metabolism of artemether. We could not 
detect artemether and its metabolite in 
saliva, probably related to the low dose of 
100 mg and the high protein binding of >90 
%. No influence of artemether on the 
electrocardiogram could be detected despite 
extensive monitoring. 
In a study inVietnam a similar trend was 
found after intake of artemether with local, 
fresh squeezed grapefruit juice in healthy 
Vietnamese subjects (n=8). In Vietnamese 
patients (n=8) however, a double dose 
resulted in 4- fold higher plasmalevels but 
now no effect of grapefruit juice was found. 
Two explanations come to mind. Either 
malaria increases artemether levels by 
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by a pharmacological intervention. This can 
be achieved with drugs that can selectively 
block these enzymes temporarily. We 
evaluated if the pharmacokinetics of 
artemether or its metabolite would be altered 
by inhibiting CYP 2D6 or CYP2C19. There 
were no major changes detected. It seems 
therefore that these two enzymes do not play 
a major role in the breakdown of artemether 
in the body. We concluded from this study 
that it is unlikely that 'poor metabolizers' 
will have prolonged or higher artemether 
plasma levels during a treatment for malaria. 
We also stated that interethnic differences in 
metabolism of artemether are probably not 
explained by genetic polymorphism of the 
two studied enzymes. 

Grapefruit juice has the unique 
property to increase certain drug 
concentrations considerably when the drug 
is taken together with the juice. A not yet 
clearly identified substance in grapefruit 
juice inhibits the activity of the enzyme 
CYP 3A4 in the gut wall. This enzyme plays 
an important role in the first-pass 
metabolism of many drugs. Because 

reducing the volume of distribution or 
increasing the protein binding. Or 
artemether's first-pass metabolism is subject 
to saturation kinetics. 

Finally we investigated in chapter 
10 the decline in bioavailability of 
artemether during a 5-days multiple dose 
regimen in healthy subjects. We found that 
the peak concentration and AUC on day 5 
was only one third compared to day 1. 
Grapefruit juice increased the AUC more 
then 2-fold on both days but did not prevent 
the time-dependent reduction in 
bioavailability. It suggests that CYP 3A4 is 
one of the artemether metabolizing enzymes 
but that this enzyme seems not involved in 
the autoinduction process. 

General discussion 
Two important pharmacokinetic 

phenomena found in our studies with 
artemether are decribed in this thesis and 
were not published previously. First, there is 
a significant decline in artemether plasma 
levels during a treatment regimen. After a 
few days of therapy artemether 
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concentrations in plasma are only one third 
compared to the first day of therapy. After 5 
days there is even a further decline to hardly 
detectable levels. The cause of this decline is 
not yet elucidated and warrrants further 
studies. It is thought but not proven that 
autoinduction of liver enzymes metabolizing 
artemether is the mechanism for this 
phenomenon. This is supported by the 
increase in the metabolite concentrations 
over time. Other options, not yet studied, 
are a drug- induced change in intestinal 
metabolism, P-glycoprotein activation or 
time-dependent change in drug-
distribution. What does this decline in drug 
levels mean for the treatment ? Although 
recently combination therapy is regarded as 
the treatment option of choice, artemether 
monotherapy will still be administered in 
many malaria endemic areas. With the active 
metabolite dihydroartemisinin not 
decreasing over time, it is unclear if this 
phenomenon will have consequences for the 
cure rate. If we regard both artemether and 
dihydroartemisinin essential for cure this 

wall plays a role in the first pass elimination 
of artemether. However, this interaction 
could not be demonstrated in Vietnamese 
malaria patients treated with 200 mg. The 
hypothesis that artemether is subject to a 
dose-dependent first pass metabolism 
warrants further study. We know that 
artemether monotherapy for 5 days will 
result in 15 % recrudescence and this 
increases with less days treatment. We know 
that food and grapefruit juice both double 
plasma artemether levels. It should be 
evaluated in a clinical study if these 
interactions influence the recrudesence rate. 
If it does, an extract of grapefruit juice or the 
identified active component in grapefruit 
could be added to the artemether tablet. 
There is a need to identify the chemical 
substance in grapefruit responsable for this 
strong pharmacokinetic phenomenon in 
CYP3A4-drugs. 

We have described a clinical trial in 
chapter 7 with an unacceptable high failure 
rate. Many studies with artemisinin drugs 
have been done in the past for dose finding 



188 

time-dependent reduction in drug exposure 
could have consequences for the cure rate. 
The strong presumed inductive capacities of 
artemether will have to be evaluated in 
combination therapies with other 
antimalarial drugs but also with other 
medicines to see if it reduces concentrations 
of the concomitantly administered drug. In 
vitro studies with human liver microsomes 
(and intestinal epithelium) will have to be 
done to find the enzyme which is induced by 
artemether. A multiple dose 
pharmacokinetic study with intramuscular 
artemether could possibly answer the 
question if intestinal enzymes are involved 
in this induction or not. 

Second, we found that grapefruit 
juice increased plasmalevels of artemether 
and dihydroartemisinin at least two fold. It 
teaches us that CYP 3A4 in the intestinal 

by trial and error without accurate 
pharmacokinetic-pharmacodynamic 
knowledge of these new compounds. We are 
currently working on a model linking the 
individual pharmacokinetics of the drug to 
the individual parasite clearance curve. We 
hope that this mathematical 2 compartment 
model will give insight in the true dosing 
regimen without toxicity or recrudescence. 

Novartis AG is at this moment in the 
middle of the registration procedure for their 
combination tablet artemether+lumefantrine. 
They plan to introduce it in non-endemic 
countries as Riamet® in the 6 dose regimen 
and in malaria-endemic countries (with 
premune patients) as Coartem® in the 4 dose 
regimen for about one fifth of the regular 
price. Post-marketing research will be 
necessary to evaluate the true efficacy and 
safety of this new drug. 



Samenvatting 

189 

Dit proefschrift bespreekt een aantal 
studies die gedaan zijn met artemether. 
Artemether is een semi-synthetisch derivaat 
van artemisinine en heeft een specifieke, sterk 
dodende werking gericht op de malaria 
parasiet. Artemisinine wordt geïsoleerd uit de 
bloemetjes en blaadjes van de 2 à 3 meter hoge 
plant Artemisia annua, of éénjarige alsem. 
Om een aantal redenen is er behoefte aan een 
nieuw middel tegen malaria. Allereerst is de 
malaria parasiet in staat gebleken de afgelopen 
decennia in toenemende mate resistent te 
worden tegen allerlei middelen die worden 
ingezet voor de bestrijding van malaria. Zo zijn 
er nu een aantal gebieden in Zuid-Oost Azië 
waar alleen nog maar artemisinine producten 
kunnen worden ingezet vanwege de 
voorkomende resistentie tegen alle andere 
middelen. Bovendien zijn de bijwerkingen van 
een aantal middelen dat nu wordt gebruikt, 
zoals kinine en mefloquine (Lariam), zodanig 
dat het patient-vriendelijker zou zijn om een 
middel in te zetten met minder bijwerkingen. 
Daarnaast blijft de mortaliteit door malaria 
hoog. Nog steeds sterven er zo'n 1 à 2 miljoen 
mensen, meestal kinderen tussen 1 en 5 jaar in 

plaats in het arsenaal van anti-malaria 
middelen wordt besproken. Nadruk wordt 
gelegd op het nut van combinatie-therapie ter 
voorkoming van het ontstaan van resistentie 
tegen artemisinine. Een les die we uit een 
verleden van vooral mono-therapiëen hebben 
geleerd. Met de eerste registratie dit jaar van 
één van deze middelen in Europa (namelijk het 
orale combinatie preparaat artemether + 
lumefantrine, op de markt gebracht door 
Novartis) zullen we ook in Nederland in 
toenemende mate te maken krijgen met deze 
nieuwe middelen voor de behandeling van 
malaria. In de profylaxe spelen deze middelen 
geen rol aangezien we onvoldoende op de 
hoogte zijn van de lange termijneffecten. 
Dieren die een hoge dosis artemether of 
arteether toegediend kregen, ontwikkelden 
ernstige hersenstam schade. Mogelijk zullen 
deze middelen wel een rol spelen bij de stand
by medicatie voor de reiziger. Dit betekent dat 
men zonder malaria-profylaxe op reis gaat naar 
gebieden waar de kans niet groot is om malaria 
op te lopen, om vervolgens zelf behandeling te 
starten bij koorts (eventueel na het uitvoeren 
van een diagnostische zelf-test voor het 
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Afrika, aan de gevolgen van een ernstige 
infectie veroorzaakt door de malaria parasiet. 
De mortaliteit veroorzaakt door AIDS in 
Afrika zou recent zelfs zijn ingehaald door de 
sterfte als gevolg van malaria. De World 
Health Organization heeft de bestrijding van 
malaria, naast de bestrijding van roken, dan 
ook in haar top drie van aandachtspunten 
gezet. De antigene variatie die de parasiet 
doormaakt tijdens haar complexe levenscyclus 
is één van de redenen dat het tot nog toe helaas 
niet gelukt is om een goed vaccin te 
ontwikkelen. Daarom zal farmacotherapie 
voorlopig noodzakelijk blijven in de strijd 
tegen malaria. 

In een review in hoofdstuk 2 wordt 
een overzicht gegeven over de verschillende 
artemisinine derivaten die zijn ontwikkeld voor 
orale, intramusculaire, rectale en intraveneuze 
toediening . Het werkingsmechanisme wordt 
uitgelegd met een verklaring voor hun 
specifieke werking ter plaatse van de malaria 
parasiet. De effectiviteit en veiligheid van deze 
middelen in patiënten worden besproken en 
ook aspecten van de farmacokinetiek (wat het 
lichaam doet met het geneesmiddel). Hun 

aantonen van malaria). 
In hoofdstuk 3 wordt de methode 

besproken voor het aantonen van artemisinine 
derivaten en metabolieten in het plasma. Het 
artikel bespreekt de specificiteit en de 
gevoeligheid van deze methode. Het unieke en 
ook werkzame deel binnen de structuurformule 
van artemisinine verbindingen is een 
endoperoxide brug. Door middel van een 
electrode wordt deze brug gereduceerd. De 
electrische stroom die hierbij ontstaat dient als 
signaal voor de detectie. Belangrijk hierbij is 
dat het systeem vrij is van zuurstof. De 
methode is lastig op te zetten en uit te voeren 
en kan alleen worden gedaan in een 
gespecialiseerd lab. De methode is zeer 
gevoelig tot 5 ng/ml en er is geen kruisreactie 
met andere chemische verbindingen. 

Dipsticks die geneesmiddelen of hun 
afbraakproducten kunnen detecteren in urine 
kunnen van belang zijn om op een eenvoudige 
wijze te controleren of de patiënt zijn 
geneesmiddelen slikt. Ook kan men op deze 
manier het gebruik c.q. misbruik van een 'over 
the counter' geneesmiddel evalueren in een 
grote populatie. In hoofdstuk 4 laten we de 
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resultaten zien van een in ons lab ontwikkelde 
methode om artemisinine c.q. artemisinine 
afbraakproducten aan te tonen in urine. 
Antistoffen tegen artelinezuur werden 
opgewekt in een muis. Met deze antistoffen 
bleek het mogelijk om verbindingen van 
artemisinine in urine aan te tonen na inname 
van verschillende geneesmiddelen uit deze 
groep (vooral na inname van artemether). Tot 
acht uur na inname kwam het 
uitscheidingspatroon in de urine overeen met 
het concentratiebeloop in het plasma. 

Zijn er verschillen tussen de 
uiteenlopende artemisinine derivaten in hun 
werkzaamheid en farmacokinetiek ? In 
hoofdstuk 5 worden de verschillende 
middelen met elkaar vergeleken. Wat betreft 
de werkzaamheid, het doden van parasieten en 
vervolgens het klaren van geparasiteerde rode 
bloedcellen uit het bloed, lijken er geen grote 
verschillen te bestaan. Wel is de anti-
parasitaire activiteit van de derivaten in vitro 
hoger dan die van de moederstof artemisinine. 
De verschillende producten worden over het 
algemeen ook goed verdragen. Alle hebben 
een korte eliminatie halfwaarde tijd van là 2 
uur behalve het intramusculaire arteether met 
een halfwaarde tijd van 24 uur, maar er is wel 
gesuggereerd dat deze mogelijk het gevolg zou 

iets te stijgen . Het suggereert dat er sprake is 
van autoinductie; het geneesmiddel stimuleert 
zijn eigen afbraak door het lichaam. Omdat het 
afbraakproduct ook malaria parasieten doodt 
zal dit fenomeen waarschijnlijk geen 
consequenties heb voor de effectiviteit. 

Het zelfde combinatiepreparaat uit 
hoofdstuk 6, artemether + lumefantrine, is in 
hoofdstuk 7 onderzocht in een 
gerandomiseerde multicenter trial in het 
Academisch Medisch Centrum in Amsterdam 
en in 7 ziekenhuizen in Frankrijk. De 
effectiviteit en tolerantie van dit nieuwe middel 
zijn geanalyseerd bij 51 patiënten en 
vergeleken met 52 patiënten die werden 
behandeld met halofantrine. Het betrof allen 
reizigers die terugkwamen uit de tropen met 
ongecompliceerde malaria. De parasieten 
waren mediaan 16 uur eerder verdwenen uit 
het bloed met het combinatiepreparaat zonder 
dat de koorts significant sneller daalde in 
vergelijking met halofantrine. De beide 
middelen werden goed verdragen. Wel werd er 
bij halofantrine een asymptomatische 
verlenging van de geleidingstijd in het hart 
(QTc-interval) op het electrocardiogram 
geconstateerd. Echter 8 patiënten uit de 
artemether + lumefantrine groep kregen een 
recrudescentie; de malaria kwam na 
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kunnen zijn van een traag vrijkomen uit het 
depot in de spier. De biologische 
beschikbaarheid na orale of rectale toediening 
is laag. 

In het derde deel van het proefschrift 
zijn studies beschreven met artemether bij 
patiënten en in het vierde deel bij gezonde 
proefpersonen. In de eerste studie in 
hoofdstuk 6 worden de resultaten 
gepresenteerd van een onderzoek bij Chinese 
malaria patiënten die werden behandeld met 
tabletten artemether of met het combinatie 
preparaat artemether + lumefantrine. De studie 
laat zien dat artemether snel wordt opgenomen 
uit de darm (1 à 2 uur) en ook weer snel wordt 
geëlimineerd (halfwaarde tijd 1 à 2 uur). Voor 
het combinatie preparaat duurt die opname 
gemiddeld een halfuur langer. Veel 
opvallender was dat de piek spiegel van 
artemether na de laatste gift op 48 uur nog 
maar een derde was van de piek spiegel na de 
eerste gift bij dezelfde dosis. Dit lijkt niet te 
worden veroorzaakt door (het herstel van) de 
malaria aangezien we dit ook hebben 
waargenomen bij gezonde vrijwilligers. De 
metaboliet dihydroartemisinine, bleek in de tijd 

behandeling weer terug. We hebben 
geconcludeerd dat de behandelingsduur van 2 
dagen waarschijnlijk te kort was voor deze 
groep van patiënten zonder immuniteit voor 
malaria. Bij de Chinese patiënten uit hoofdstuk 
6 was met hetzelfde regime het 
genezingspercentage 98 %. Mogelijk dat 
hogere geneesmiddelconcentraties, 
samenhangend met hun kleinere postuur, en 
premuniteit (latent aanwezige immuniteit door 
eerder contact met malaria parasieten) hierbij 
een rol hebben gespeeld. Daarnaast zal de 
matige absorptie van lumefantrine op de 
nuchtere maag ook hebben mee gespeeld bij 
dit lage genezingspercentage van 82 % in onze 
studie. Inname van de tabletten met voedsel en 
een 3 in plaats van 2 daagse kuur zal 
waarschijnlijk de effectiviteit optimaliseren. 

Enzymen die geneesmiddelen afbreken 
in het lichaam zijn niet bij iedereen even actief, 
de Er kan een genetische aanleg bestaan om 
een trage stofwisseling voor een bepaald 
geneesmiddel te hebben. Meestal is dit maar 
bij een kleine minderheid binnen een populatie 
het geval. We noemen deze mensen dan 'poor 
metabolizer'. Er zijn ook duidelijke interraciale 
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verschillen gevonden in the prevalentie van 
'poor metabolizers'. Dit fenomeen wordt ook 
wel genetisch polymorfisme genoemd. Het is 
beschreven o.a. voor de twee enzymen uit de 
cytochrome P 450 familie CYP 2D6 en CYP 
2C19. In hoofdstuk 8 hebben we 7 gezonde 
proefpersonen farmacologisch 'poor 
metabolizers' gemaakt voor deze twee 
enzymen en geëvalueerd of de farmacokinetiek 
van artemether hierdoor zou veranderen. Dit 
bleek niet het geval. Deze twee enzymen 
spelen dus geen belangrijke rol in de afbraak 
van artemether. Het valt daarom niet te 
verwachten dat 'poor metabolizers' 
langduriger en/of hogere artemether spiegels 
zullen hebben bij een behandeling voor 
malaria. 

Grapefruitsap heeft de unieke 
eigenschap bij gelijktijdige inname met 
bepaalde geneesmiddelen de plasma 
concentraties van die middelen flink te 
verhogen. Een nog niet definitief 
geïndentificeerde stof in grapefruit sap blijkt 
het enzym CYP 3 A4 in de darmwand uit te 
schakelen. Dit enzym speelt een belangrijke rol 
bij het first-pass metabolisme van veel 
geneesmiddelen. Omdat artemether na orale 
inname vrij lage spiegels geeft en deze in de 
tijd zelfs dalen (zie hoofdstuk 6) werd het 

Onderzocht werd of artemether c.q. haar 
metaboliet in speeksel kon worden gemeten 
maar dat bleek niet het geval (mogelijk door de 
te lage dosis). Ook werden in deze studie geen 
aanwijzingen gevonden voor een invloed van 
artemether op het electrocardiogram. 

Tot slot werd in hoofdstuk 10 de 
daling van de biologische beschikbaarheid van 
artemether tijdens een 5 daagse 'kuur' in 
gezonde proefpersonen onderzocht. 
Vastgesteld werd dat op dag 5 de hoeveelheid 
artemether in het bloed slechts een derde was 
ten opzichte van dag 1 .In deze studie werd ook 
gemeten in welke mate dit fenomeen kon 
worden geantagoneerd door de medicatie in te 
nemen met een glas grapefruit sap. Hierbij is 
de veronderstelling dat de gepostuleerde 
enzym inductie ook plaatsvindt via het enzym 
CYP 3A4 in de darmwand. Met grapefruitsap 
zag je weliswaar een verdubbeling van spiegels 
op beide dagen, maar ook nu was er een daling 
in de tijd waarneembaar. Dit suggereert dat het 
enzym CYP 3 A4 niet betrokken is bij het auto-
inductieproces. 

Beschouwing 
We hebben in deze dissertatie twee 

belangrijke farmacokinetische fenomenen van 
artemether beschreven die nog niet eerder zijn 
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effect van een glas grapefruit sap op 
artemether spiegels bij 6 gezonde 
proefpersonen geëvalueerd in hoofdstuk 9. 
Een verdubbeling van de piekspiegel en van de 
AUC (Area Under the Concentration-time 
curve, een maat voor de in totaal opgenomen 
hoeveelheid geneesmiddel) werd 
waargenomen. Het suggereert dat het enzyme 
3A4 een rol speelt bij het zg. 'first pass' 
metabolisme van artemether. 
Bij een studie in Vietnam bij 8 gezonde 
Vietnamese proefpersonen werd een zelfde 
trend tot verhoging van spiegels na inname van 
100 mg artemether waargenomen met het 
locale vers geperste grapefruitsap. Vietnamese 
patiënten, bleken na 200 mg oraal een 4-
voudig hogere spiegel te hebben dan 
vrijwilligers, echter zonder effect van 
grapefruitsap. Twee zaken kunnen hierbij een 
rol spelen. Malaria zou artemether spiegels 
kunnen verhogen door een afgenomen 
verdelingsvolume of een toegenomen 
eiwitbinding. Daarnaast zou er ook sprake 
kunnen zijn van een verzadiging van het 'first 
pass' metabolisme bij hogere doses artemether. 

gepubliceerd. Ten eerste is er een significante 
daling in artemether plasma spiegels tijdens 
een behandeling. Na een paar dagen therapie 
zijn artemether concentraties in plasma slechts 
een derde vergeleken met de eerste dag. Na 5 
dagen therapie is er zelfs een verdere daling 
naar soms nauwelijks detecteerbare waarden. 
De oorzaak van deze daling in de tijd is nog 
niet opgehelderd, hiernaar is meer onderzoek 
nodig. Er wordt gedacht, maar dit is niet 
bewezen, dat autoinductie van leverenzymen 
het mechanisme is dat dit fenomeen verklaart. 
Dit wordt ondersteund door stijging van de 
metaboliet concentraties in de tijd. Andere nog 
niet bestudeerde opties zijn een geneesmiddel 
geinduceerde verandering in de afbraak van 
medicijnen in de darmwand, een activatie van 
het P-glycoproteine of een tijds-afhankelijke 
verandering in distributie of eiwitbinding van 
artemether. Wat betekent deze daling van 
artemether concentraties tijdens een 
behandeling voor de effectivitieit ? Alhoewel 
sinds kort combinatie therapie beschouwd 
wordt als de behandeling van keuze, zal 
artemether monotherapie nog in veel malaria 
endemische landen worden toegepast. Omdat 
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de actieve metaboliet dihydroartemisinine niet 
daalt in de tijd is het onduidelijk of dit 
fenomeen consequenties zal hebben voor het 
genezingspercentage. Als we zowel artemether 
als dihydroartemisinine essentieel achten voor 
genezing zal deze afname van biologische 
beschikbaarheid wel degelijk gevolgen hebben 
voor de effectiviteit. 

De veronderstelde sterke inductieve 
eigenschappen van artemether zullen moeten 
worden geëvalueerd in therapieën met andere 
antimalariamiddelen maar ook met andere 
medicatie om te onderzoeken of deze 
geneesmiddel concentraties worden verlaagd 
door interactie met artemether. In vitro studies 
met menselijke lever microsomen (en ook 
darm epitheel) zijn nodig om het enzym te 
vinden dat wordt geïnduceerd door artemether. 
In een farmacokinetische studie met 
intramusculair artemether zal mogelijk de 
vraag beantwoord kunnen worden of 
intestinale enzymen betrokken zijn bij de 
inductie of niet. 

Ten tweede hebben we aangetoond dat 
grapefruit sap de plasmaspiegels van 
artemether en dihydroartemisinine minstens 
tweevoudig kan verhogen. Door het zeer 
specifieke effect van grapefruit sap leert dit 
ons dat CYP 3A4 in de darmwand een rol 

artemether spiegels verdubbelen. Het zou in 
een klinische studie onderzocht moeten 
worden of deze interacties het 
genezingspercentage gunstig beïnvloeden. Als 
dit zo is, zou een extract van grapefruitsap, of 
de geïdentificeerde actieve component in 
grapefruit, toegevoegd kunnen worden aan en 
artemether tablet. Het lijkt dan ook nodig om 
deze chemische stof in grapefruit te 
identificeren die verantwoordelijk is voor dit 
sterke farmacokinetische fenomeen in CYP 
3A4-geneesmiddelen. 

We hebben een klinische trial 
beschreven in hoofdstuk 7 met een te laag 
genezingspercentage als gevolg van 
onderdosering. Veel studies met artemisinine 
middelen zijn in het verleden gedaan voor het 
vinden van het juiste doserings regime zonder 
optimale kennis van de farmacokinetische-
farmacodynamische relatie van deze middelen. 
Op dit ogenblik werken we aan een model dat 
de individuele farmacokinetiek verbindt aan de 
individuele parasieten klarings curve. We 
hopen dat dit wiskundige 2 compartimenten 
model ons inzicht zal geven in het juiste 
doserings regime zonder toxiciteit of 
recrudescentie. 

Novartis AG staat op het punt om 
registratie-toekenning te krijgen voor hun 



speelt bij het 'first pass' metabolisme. Echter 
deze interactie kon niet worden aangetoond in 
Vietnamese malaria patiënten die werden 
behandeld met 200 mg. De hypothese dat 
artemether onderhevig is aan een dosis-
afhankelijke verzadiging van het 'first pass' 
metabolisme zal moeten worden onderzocht. 
We weten dat artemether monotherapie leidt 
tot 15 % recrudescentie en deze stijgt met 
minder dagen behandeling. We weten ook dat 
zowel voedsel als grapefruit sap beiden 

nieuwe combinatie tablet artemether+ 
lumefantrine. Zij plannen het om dit middel te 
introduceren in non-endemische malaria 
landen als Riamet® in een behandeling 
bestaande uit 6 giften in 3 dagen en als 
Coartem® in malaria endemische landen (met 
premune patiënten) in een 4 giften over 2 
dagen regime voor ongeveer een vijfde van de 
normale prijs. Post-marketing research zal 
nodig zijn om de ware effectiviteit en 
veiligheid van dit nieuwe middel te evalueren. 
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Artemisininederivaten: geen bijwerkingen, geen resistentie 

Een nieuwe therapie 
voor malaria 

In de strijd tegen malaria is de aandacht gericht op artemisinine en zijn derivaten. 

Opvallend is de snelle werking van artemisinine, zowel wat betreft de vlotte 

klinische verbetering als wat betreft het verdwijnen van de parasieten uit het bloed. 

Het heeft opvallend weinig bijwerkingen, in tegenstelling tot de meeste andere 

middelen tegen malaria. Artemisinederivaten zijn ook effectief bij de behandeling 

van multiresistente malaria in Zuidoost-Azië. Binnenkort zullen uit deze groep 

artemether en arteether in Nederland worden geregisteerd. 



In april iyo~ stond op de voorpagina van Nature een 
elektronenmicroscopisch vergrote Anopheles-mug 
(vermoedelijk een \ rouw tjesmug, want zij is de 

vector voor de malariaparasiet) met hieronder de 
dreigende titel: "Malaria, is de ramp te voorkomen?" 
[i]. Elke 12 seconden sterft er iemand aan malaria, 
meestal een kind in A l'ri ka onderde vijfjaar. Er is 
sprake van een stijgende chloroquine- en nu ook 
Fansidar '! -resistentie m Afrika. Ook de resistentie 
tegen recent ontw ikkelde middelen als mefloquine, 
halofantrine en zelfs 'good old' kinine neemttoein de 
grensgebieden van Thailand. 

Zoals ook in vele kranten het afgelopen jaar was ie 
lezen, is de wereldwijd w eer stijgende incidentie van 

198 malaria alarmerend, zeker nu tic hoop op een vaccin 
\ erdwenen lijkt na de teleurstellende resultaten van de 
studies met het Spl'66-\ aeein [2]. Studies met-
geïmpregneerde klamboes om malaria te voorkomen 
laten een gunstig effect zien. maai'men is ongerust over 
tie achterblijvende ontw ikkeling\ an immuniteit bij 
kinderen die vanaf de geboorte ondereen klamboe 
slapen [3]. 

In Dakar (Senegal) hebben hei afgelopen jaar 
onderzoekers onder auspiciën van de National 
Institutes of I leallh in tic Verenigde Staten en het 
Pasteurinstituut in Frankrijk gesproken overeen 
internationaal gecoördineerde strategie voor malaria-
onderzoek. I )e Wereldbank en de \\ ereldgezondheids-
organisatie (Wl l( )) zijn betrokken bij het opzetten van 
een 30 jaar durend controleprogramma genaamd 'the 

Mich iel A. 
van Agtmael 

Figuur 1 

De Artemisia annuo (niet in bloei) gefotografeerd 

in een kruidentuin in Bergen. 



African Malaria Initiative'. Zij proberen de 
farmaceutische industrieervan te overtuigen zich nie) 
steeds \ cider terug te trekken uit de ont« ikkeling \ an 
\ accins en malariamiddelen. 

Een van de unieke Symbiosen \ an de u esterse 
farmaceutische industrie niet de traditionele ( !hinese 
geneeskunde is ontstaan nadat in de jaren zeventig 
( 'hinese onderzoekers in Beijing ontdekten dat het 
kruid. Irtemisiaannuahzi zeer w erkzame 
malariamiddel qinghaosu ofartemisininebevat [4]. 
. Irtemisiaatmua [synoniem qinghao (= groen kruid) 
1 if'sw eet wormwood' of eenjarige alsem | gebruiken de 
( 'hinezen al meer dan 2.000 jaar als kruidenthee bij 
koorts (figuur r). 

Me 

Me— t " 

Derivaten 
Artemisinine is een sesquiterpeenlacton en be\ at 

een interne peroxidebrug die essentieel is voor de 
activiteit (figuur 2). Destofwordi verwerkt in capsules 
en zetpillen. Door de slechte oplosbaarheid in w aterof 
olie is artemisinine niet geschikt \ oor parenterale 
toediening. Daarom zijn er inmidddels drie derh alen 
van artemisinine ontwikkeld met verbeterde \\ sische 
eigenschappen. Zo zijn artemether en arteether 
gesynthetiseerd die in olie oplosbaar zijn en hierdoor 
geschikt zijn voor intramusculaire toediening. 1 lel 
derde derivaat, artesunaat, is wateroplosbaar en kan 
behalve oraal en rectaal ook intraveneus worden 
toegediend. Bovengenoemde derivaten zijn in feite 
prodrugs voor dihydroartemisinine. Dit is een 

= 0 

OH 

OCH3 

OC2H5 

OCO-(CH2)2C02H 

Artemisinine 

Dihydroartemisinine 

Artemether 

Arteether 

Artesunaat 

Figuur 2 

De structuurformule van artemisinine en derivaten. 

Een sesquiterpeen bestaat uit 15 C-atomen (sesqui = anderhalf; 

een terpeen te l t 10 C-atomen). De peroxidebrug is de actieve 

component van de structuur 



metaboliet met een grotere activiteit dan artemisinine. 
Dihydroartemisinine is inmiddels ook verwerkt in 
tabletvorm, net als artemether en artesunaat. 

Een zetpil met artesunaat is een veelbelovende 
toedieningsvorm omdat een moeder in een malaria-
endemisch gebied die zelf aan haar zieke, koortsige 
kind kan geven. 'Patients' delay', die vaak veroorzaakt 
wordt door de grote afstand naar het ziekenhuis en de 
onmogelijkheid een tablet toe te dienen aan het versufte 
ofbrakende kind, kan door deze toedieningsvorm gere
duceerd worden en hiermee mogelijk de mortaliteit [5]. 

Productie 
Artemisinine bevindt zich vooral in de bladeren 

200 en de bloemen van de plant. I Iet heeft de hoogste 
opbrengst net voordat de s4. amtua'va. bloei staat. Deze 
opbrengst \ arieert van 0,01% tot 0,8% drooggewicht 
(g/g) en is afhankelijk van het gebied, het seizoen en 
variëteit\ an de plant [6]. De plant groeit niet alleen op 
grote velden in China en Vietnam maar ook in Europa 
(waaronder Nederland) en de Verenigde Staten. 
Onderzoekers van het Walter Reed Army Institute 
of Research in Washington DC (Verenigde Staten), 
geïnteresseerd in het Chinese kruid, ontdekten dat 
het gewoon in de buurt van het instituut groeide [7]! 

Aan het gedroogde plantenmateriaal wordt een 
apolair oplosmiddel zoals petroleumethcr toegevoegd 
en her wordt bij kamertemperatuur geëxtraheerd. 
Na filtratie en herhaald indampen, kristalliseert 
artemisinine uit [81. Een hectare met. / annuageeft 

Van Agtmael MA, Eggelte TA. Een nieuwe therapie voor malaria. Artemisininederivaten 
hoopgevende aanwinst voor de tweede lijn. Pharm Weekbl 1998,133(2):68-75 
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Samenvatting 
Op korte termijn kan registratie verwacht worden van een nieuwe groep van 
geneesmiddelen voor de behandeling van malaria, de artemisininedenvaten. 
Er wordt een overzicht gegeven over de oorsprong, de werking, de effectiviteit 
en veiligheid bij patiënten, de farmacokinetiek en de plaatsbepaling van de/e 
middelen naast de bestaande malariamiddelen. Artemisinine is afkomstig tut 
Artemisia annua, dat in China al eeuwen als kruidenthee wordt gebruikt bij 
koorts. Er zijn actievere derivaten ontwikkeld - artemether, arteether en 
artesunaat - die worden gebruikt voor orale, intramusculaire, rectale en 
intraveneuze toediening. Opvallend is de snelle werking van artemisinine, 
zowel wat betreft de vlotte klinische \ erbetering als wat betreft het 
verdwijnen van de parasieten uit het bloed. Het heelt op\ allend \\ einig 
bijwerkingen. Nturotcxiciteit, die 1 ; be:;chrc\ en bij dieren, 15 6105) nooit bij 
mensen aangetoond. Er is geen resistentie in vivo beschreven. 1 )eze middelen 
zijn daarom ook effectief bij behandeling van multiresistente malaria. Een 
nadeel van artemisinine is het voorkomen van récrudescenties, samenhangend 
met de korte halfwaardetijd. Daarom is combinatie met een langer werkend 
malariamiddel meestal noodzakelijk. Artemisininederivaten moeten worden 
gereserveerd voor het geval dat gebruikelijke malariamiddelen niet kunnen 
worden toegediend. 

Aanvaard november 1997. 

Correspondentie kan worden gericht aan M.A. van Agtmael, internist, Academisch 
Medisch Centrum, Afdeling Klinische Farmacologie ft Farmacotherapie, KOI-64, 
Meibergdreef 15, 1105 AZAmsterdam, e-mailm.a.vanagtmael@amc.uva.nl 
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ongeveer 5.000 kg gedroogd plantenmateriaal. 
Mer ccn opbrengst \ an 0,5% geeft dit 
25 kg artemisinine of 2,5 g/m2 . Vooreen kuur met 
artemisinine (bijvoorbeeld 6 dagen eenmaal daags 
500 mg ™ 3 g totaal) is tins iets meer dan i m— land 
begroeid met . / annua nodig. I )oordatde plant bijna 
overal groeit, vormt dit geen beperkende factor voor 
de productie van artemisinine. De productiekosten 
bedragen minder dan 500 dollar per kg. I >n is hoog 
vergeleken met chloroquine maar laag vergeleken 
mei halofantrine of mefloquine. 

Door reductie van artemisinine met natriumboor-
hj dride ontstaat een mengsel van et- en ß-dihydro-
artemisinine. Door methylering van dihydro-
artemisinine ontstaat dan artemether (60% opbrengst 
uit artemisinine) en door ethylering arteether. 
Artesunaatis het hemisùccinaat van dihydro-
artemisinine. 

•&">¥--

Werkingsmechanisme 
I Iet werkingsmechanisme van artemisinine berust 

op twee siappen. Bij de eerste stap wordt de 
endopero\idebrug opengebroken, waardoor vrije 
radicalen omslaan. Dit vindt plaats in de geparasiteerde 
erytrocyt onder invloed van vrij ijzer en heem. In de 
t\\ eetle stap alkj leren deze vrije radicalen parasitaire 
eiw ii ten, waardoor de parasiet te gronde gaat [9]. 

I )e activatie van artemisinine door ijzer en heem 
verklaart de selectieve toxiciteit voor de malariaparasiet 
want deze leeft in een zee van ijzer/heem. 
V rijeradicalem angers zoals ascorbinezuur, tocoferol of 
acetylcysteine, ântagoneren de antimalaria-activiteit 
\ an artemisinine in vitro en in vivo. Ook is aangetoond 
dat ijzerchelatoren, die vrij ijzer binden, artemisinine 
antagoneren. 

Artemisia annua groeit niet alleen op grote 

velden in China en Vietnam, 

maar ook in Europa en de Verenigde Staten 

In vitro wordt 50% \ an een Plasmodiumfafciparum-
populatie in de groei geremd door artemisinine-
coneentraties van 0,2 tot5,] ng/ml [10]. Plasmapiek-
spiegels bij patiënten liggen 10 tot 60 maal zo hoog. 
Artemether en arteether zijn tweemaal zo actief terwijl 
artesunaat en dihydroartemisinine in vitro vier- tot 
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vijfmaal zo actief zijn als artemisinine. Tn vivo is nog 
geen resistentie aangetoond. In vitro zijn er al wel 
artemisinineresistentc of verminderd gevoelige 
parasieten gemaakt [n]. 

De meeste malariamiddelen doden de malaria
parasiet in het oudere trofozoïet-stadium van haar 
levenscyclus (het veel gebruikte begrip schizonticide is 
dus eigenlijk onjuist). De artemisinineproducten 
hebben een breder spectrum en doden ook jongere 
trofozoïeten. Dit verklaart waarom bij malariapatiënten 
de jonge trofozoïeten sneller verdwijnen onder therapie 
met artemisinine dan met andere malariamiddelen [12]. 
Er lijkt ook sprake te zijn van gametocide activiteit. 
Omdat gametocy ten door de malariamug worden 
opgezogen om zich in de mug voort te planten, zal 
hiermee een reductie van transmissie plaatsvinden. 
Sinds het uitgebreide gebruik van deze middelen in 
China en Vietnam, is daar een duidelijke afname van de 
incidentie van malaria waarneembaar [13]. 

Artemisininederivaten zijn ook \\ erkzaam tegen 
P. r/r/zr-infecties maar niet tegen de hypnozoïeten in 
de lever, waarvoor altijd een aanvullende behandeling 
met primaquine noodzakelijk is. 

Act iv i te i t tegen andere pathogenen 
In vitro is antiprotozoaire activiteit aangetoond 

tegen Toxoplasma gondii zn Pneumocystis carinii. In 
dierstudies konden deze effecten echter niet worden 
bevestigd. Wel is er enig gunstig effect op cutané 
leishmaniasis en ook op schistosomiasis bij muizen 

aangetoond. Z>VAw/-species, die net als de 
malariaparasiet intra-erytroeytair leven, blijken 
ongevoelig voor artesunaat. 

Verder is cytotoxiciteit voor bepaalde tumorcellen 
gerapporteerd. Daarnaast zouden extracten van de 
plant ook immuunmodulerende eigenschappen 
bezitten, die worden toegeschreven aan andere 
verbindingen in de plant dan artemisinine [6]. 

Bijwerkingen 
1 londerdduizenden patiënten in China en Vietnam 

zijn behandeld met artemisininederivaten en tot nog toe 
zijn geen ernstige bijwerkingen gerapporteerd, anders 
dan bij de meeste andere malariamiddelen [14]. Bij apen 
werd in hoge doseringen remming van de hematopoëse 
gezien en toxische effecten op hart, lever en nieren. 
Neurotoxiciteit, met name bestaande uit laesies in pons 
en medulla in de hersenen, is waargenomen bij ratten en 
honden die gedurende 6-8 dagen vijf tot zesmaal de 
gebruikelijke dosering aan artemether of arteether 
kregen [15 16]. Tot nog toe zijn er nooit neurologische 
afwijkingen bij patiënten geconstateerd. 
Voorzichtigheid blijft echter geboden. Ernstige 
neurotoxiciteit werd ook in het verleden aangetoond bij 
het gebruik van absinthe, de populaire likeur die werd 
bereid uit A'rtemisic1 absinthium. Begin deze eeuw werd 
deze drank dan ook van de markt gehaald [17]. Vanwege 
deze mogelijke neurotoxiciteit is er geen plaats voor 
artemisininederivaten bij de profylaxe van malaria. 
Bovendien kan niet worden uitgesloten dat een 
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metaboliet met een lange halfwaardetijd wordt gevormd 
die leidt tot cumulatieve toxiciteit. Bij dierstudies werd 
tevens een verlenging van het QTc-interval op het 
elektrocardiogram waargenomen, overigens zonder 
aritmieën. Deze QTc-verlenging is ook waargenomen 
bij mensen, zonder dat dit klinische consequenties had. 
I n een recent onderzoek in het Academisch Medisch 
Centrum w erd aan reizigers die met malaria uit de tropen 
terugkwamen, co-artemether (een oraal combinatie-
preparaat van artemether en benflumetol) of halofantrine 
gegeven. In deze studie werd meer, overigens asympto
matische, QTc-verlenging gezien in de halofantrinegroep 
dan in de co-artcmethergroep [18]. 

De concentratie artemisinine in de geparasiteerde 

erytrocyt is waarschijnlijk hoger dan die in serum 

Farmacokinetiek 
Serummonsters moeten direct na afname in de 

vriezer (bij -20 of liefst -jo°C) worden bewaard, 
omdat dihydroartemisinine vrij snel degradeert bij 
kamertemperatuur [19]. Van de verschillende 
detectietechnieken om artemisinine, derivaten en 
metabolieten aan te tonen in bloed, lijkt 'high pressure 
liquid chromatography' met elektrochemische detectie 
(HPLC-ED) de specifiekste en gevoeligste methode. 
De voor deze groep geneesmiddelen zo specifieke 
endoperoxidebrug wordt onder strikt anaërobe 
condities gereduceerd door een elektrode. Tot 
concentraties van 5 ng/ml kan dan een elektrische 
stroom worden gemeten. De techniek vereist 
geavanceerde apparatuur en getraind personeel. 
De bepaling is daarom niet uitvoerbaar in 'het veld' 
in eenvoudige laboratoria. Eerdere farmacokinetische 
studies met andere technieken, zoals HPLC met 
UV-detectie en radioimmunoassay, worden als 
inferieur beschouwd. Resultaten uit deze studies 
zijn dan ook niet extrapoleerbaar naar recente 
farmacokinetische studies [20]. 

Het is bij de interpretatie van serumconcentraties 
van belang te beseffen dat de geneesmiddelconcentratie 
in de geparasiteerde erytrocyt waarschijnlijk hoger is 
dan in serum. Tn een studie met gelabeld dihydro
artemisinine bleek, weliswaar in vitro, de opname in 
een erytrocyt die was geïnfecteerd metP/asmodium 
falciparum, 300 keer zo hoog als in serum of in een niet-
geparasiteerde erytrocyt [21]. Daarnaast kan binding 
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van artemisinine aan bet a-i-zure glycoproteïne, een 
acutefase-eiwit waarvan de concentratie bij malaria is 
verhoogd, verschillen geven in serumconcentraties bij 
patiënten vergeleken met vrijwilligers. 

De activatie van artemisinine 

door ijzer en heem verklaart de selectieve 

toxiciteit voor de malariaparasiet 

Oraal artemisinine wordt snel maar incompleet 
geabsorbeerd met grote inter en intra-individuele 
variabiliteit. Voor artemether geldt dat de rclatiex e 
biologische beschikbaarheid, oraal vergeleken met 
intramusculaire toediening, 43% is [22]. De absolute 
biologische beschikbaarheid van dihydroartemisinine 
was 82% in een studie waarbij oraal met intraveneus 
artesunaat werd vergeleken [23]. (let is niet bekend 
waar in het maagdarmkanaal artemisinine wordt 
opgenomen en ook niet hoe: door passieve diffusie of 
enz] m-gemedieerd. Mogelijk is er reeds in tie 
darmmucosacel sprake van een omzetting door 
enzymen van de cytochroom-P45o-familie, hetgeen 
zou kunnen leiden tot een presystemische intestinale 
eliminatie. In ons laboratorium wordt nu gekeken of 
grapcfruitsap, als remmer van het CYP3A4 in de 
darmwand, de serumconcentratie van artemether of 
dihydroartemisinine beïnvloedt. 

Voedsel verhoogt de piekspicgel ( C m a x ) en de 
totale hoeveelheid in het plasma (AUC; 'area under the 
curve') van het lipofiele artemether, maar niet van 
artemisinine. 

Artemether oraal toegediend bereikt in 1 tot 2 uur de 
piekspiegel en heefteen eliminatiehalfwaardetijdvan 
1 tot 2 uur. De metaboliet dihydroartemisinine volgt 
hetzelfde profiel. De eliminatiehalfwaardetijd van het 
intramusculaire arteether is veel langer, maar het is niet 
uitgesloten dat deze trage eliminatie wordt veroorzaakt 
door een zeer trage absorptie (het zogenaamde 
'flip-flop'-fenomeen). 

flit experimenten in \ itro en met ratten blijkt dat 
artemisinine met name in de lever gemctaboliseerd 
wordt [24]. Welke enzymsystemen hiervoor 
verantwoordelijk zijn, is nog niet bekend. De enzymen 
CYP2D6 en CYP2C19 lijken geen rol te spelen in het 
metabolisme van artemether. Specifieke remming van 
deze enzymen met kinidine respectievelijk Omeprazol 
bleken geen invloed te hebben op artemether- of 
dihydroartemisinineconcentraties bij gezonde 
proefpersonen. Levercirrose heeft geen invloed op 
plasmaspiegels van artemisinine. 

Piekspiegels van artemisinine worden bij herhaalde 
doseringen in de tijd steeds lager. Dit is nog niet geheel 
begrepen. Mogelijk speelt inductie van enzymen in de 
darm of in de lever hierbij een rol, zoals ook bij 
rifampicine wordt gezien [25]. Het fenomeen wordt 
ook bij vrijwilligers waargenomen. Het is dus niet 
w aarschijnlijk dat dit het gevolg is van een verbeterende 
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leverfunctie door het herstel van malaria [26]. 
Artemether wordt in de lever snel omgezet in onder 

andere dihydroartemisinine, dat voor een deel door de 
nier wordt uitgescheiden. Mogelijk wordt een deel van 
de artemether reeds in de maag door zure hydrolyse 
omgezet in dihydroartemisinine. 

Absorptie van artemisinine vanuit zetpillen verloopt 
trager en geeft lagere en latere piekspiegels. Daarom moet 
er in geval van rectale toediening hoger gedoseerd worden. 

In ons laboratorium wordt momenceel een 'dipstick' 
ontwikkeld om artcmisininemctabolieten in urine aan 
te tonen voor 'sürvey'-doeleinden en onderzoek naar 
therapietrouw. 

Dosering 
I )oseringen voor volwassenen staan weergegeven 

in tabel 1. 
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Tabel 1 
DOSERINGEN VAN ARTEMISININE EN DERIVATEN BIJ VOLWASSENEN 

Geneesmiddel Oraal Parenteraal In combinatie 

Artemisinine dag 1 ; 25 mg/kg 
dag 2 t/m 7: 12,5 mg/kg 

dag 1: 25 mg/kg 
dag 2 + 3: 12,5 mg/kg 
dag 2: mefloquine 15 mg/kg 
dag 3: mefloquine 10 mg/kg 

Artemether dag 1: 300 mg in één dosis dag 1: 300 mg (3ml) 
(6 tabletten à 50 mg) intramusculair 
dag 2 t/m 5: dagelijks 100 mg dag 2 t/m 5: 100 mg 

intramusculair 

co-artemether (artemether+ 
benflumetol) 80-480 mg 
(4 tabletten à 20-120 mg) 
2 maal daags, 3 dagen. 
(2 dagen indien semi-immuun) 

Arteether dag 1: 3,2 mg/kg 
dag 2 t/m 5: 1,6 mg/kg 

Artesunaat dag 1: 4 mg/kg 
dag 2 + 3:2 mg/kg 
dag 4 t/m 7: 1 mg/kg 

dag 1: 2,4 mg/kg intraveneus dag 1 t/m 3: 4 mg/kg 
12, 24 uur: 1,2 mg/kg 
intraveneus 
dag 2 t/m 7: 1,2 mg/kg 
intraveneus 

dag 2: mefloquine 15 mg/kg 
dag 3: mefloquine 10 mg/kg 

Dihydroartemisinine dag 1: 120 mg 
dag 2 t/m 7: 60 mg 



Studies bij ongecompliceerde malaria 
In China, Vietnam en Thailand zijn vele studies 

gedaan met verschillende preparaten. In het algemeen 
werd een snelle klinische verbetering gezien met het 
vlot verdwijnen van de parasieten uit het bloed binnen 
48 uur. 1 loc langer de therapie, des te kleiner bleek de 
kans op een recrudescentie. Bij de regimes waarbij 
gedurende 5-7 dagen therapie werd gegeven, was het 
genezingspercentage meestal ^95 [27]. De patiënt die 
zich na 2 dagen beter voelt, zal echter niet een week 
pillen slikken, zeker niet in een arm, malaria-endemisch 
land. Daarom worden artemisininepreparaten nu 
gecombineerd met langwerkende middelen zoals 
mefloquine, doxycycline, Fansidar® ofbenflumetol. 
Benflumetol is een nieuw langwerkend malariamiddel 
dat in de jaren tachtig in China werd gesynthetiseerd. 
1 Iet orale combinatieproduct artemether/bentlumetol, 
onder de naam co-artemether, combineert de korte 
snelle werking van artemether met de langdurige 
werking van benflumetol, om hiermee recrudescenties 
te voorkomen. Met een regime van 4 doses over 48 uur 
werd een genezingspercentage van 95 gezien in China, 
88 bij reizigers in Europa en 81 in Thailand, stijgend 
naar 96 bij 6 doses over 60 uur. Co-artemether werkt 
snel en heeft opvallend weinig bijwerkingen [18 28]. 

Combinatietherapie 

COMBINATIETHERAPIE IN VERBAND MET RESISTENTIE 

Net als bij aids en tuberculose, lijkt het combineren 
van geneesmiddelen ook wenselijk in de malaria
therapie. Tot nog toe is voor elk individueel middel dat 
werd geïntroduceerd voor de behandeling van malaria, 
resistentie ontstaan (uitgezonderd - tot nog toe! - de 
artemisininederivaten). Zoals we zagen bij chloroquine 
voor malaria, isoniazide voor de tuberkelbacil en 
zidovudine voor het 11IV, zal resistentie sneller 
ontstaan bij monotherapie dan in combinatie met nog 
een of twee middelen. Stel dat de kans op een resistente 
parasiet tegen middel A 1:1000 is en de kans op een 
resistente parasiet tegen middel B (niet verwant aan 
middel A) is ook 1:1.000, dan zal de kans op falen van de 
combinatietherapie A/B 1:1.000.000 zijn. Anders 
gezegd: genezing is dan zeer waarschijnlijk bij minder 
dan een miljoen parasieten in de patiënt. Recent werd 
het middel Malarone® door Glaxo Wellcome 
geïntroduceerd dat het nieuwe atovaquon combineert 
met het oudere proguanil. Atovaquon als monotherapie 
gaf vrij snel resistentie. Dit wordt nu door combinatie 
met proguanil voorkomen. 

Vanwege mogelijke neurotoxieiteit 

is er geen plaats voor artemisininederivaten 

bij de profylaxe van malaria 
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Het binnenkort te registreren product co-artemether 
van Novartis is een combinatie van artemether en 
benflumetol en heeft onder andere als voordeel dat 
beide middelen nieuw zijn en er voor beide nog geen 
resistentie is beschrex en. Een probleem bij 
malariamiddelen met een lange halfwaardetijd is het 
langdurig bestaan van subtherapeutische concentraties. 
Als een patiënt na behandeling opnieuw geïnfecteerd 
raakt, kan de parasiet resistentie ontw ikkelen tegen het 
nog aanwezige geneesmiddel. 

COMBINATIETHERAPIE 
IN VERBAND MET RECRUDESCENTIE 
Naast preventie van resistentie willen wc met een 

combinatietherapie ook recrudescentie voorkomen. 
Met artemisininederivaten, die snel, krachtig maar kort 
werken, wordt veel van tic totale hoeveelheid parasieten 
geëlimineerd in het begin van de therapie. Om alle 
parasieten te elimineren, moet men langdurig 
behandelen. Dit is in de praktijk vaak niet haalbaar. Door 
combinatie met een middel met een langere werking 
hoopt men het restant aan parasieten te doden. I let meest 
onderzocht is de combinatie artesunaat met mefloquine, 
dat een zeer effectief regime is voor de multiresistente 
malaria in Thailand en ook voor de ernstige malaria, 
waarbij artesunaat intraveneus wordt gegeven. 

Studies bij ernstige malaria 
Door de snelle en effectieve werking van 

artemisininepreparaten, waren de \ erw achtingen 

hoog gespannen voor de behandeling van de ernstige, 
gecompliceerde malaria. Helaas kwamen deze 
verwachtingen tot nog toe niet uit. Ondanks vele 
interventies heeft de gecompliceerde of cerebrale 
malaria nog steeds een mortaliteit van 15-25%. 

In een studie bij 576 Gambiaanse kinderen met 
cerebrale malaria werkte intramuseulair artemether 
net zo goed als intramuseulair kinine. De mortaliteit 
in beide groepen was 21%. Van de kinderen had 
3 respectievelijk 5% na herstel neurologische 
restverschijnselen. Wel verdwenen de parasieten 
wat sneller uit het bloed met artemether (in 2 dagen) 
en gaf de injectie minder lokale bijwerkingen [29]. 

Bij 560 volwassenen met ernstige malaria in 
Vietnam was de mortaliteit in de intramusculaire 
artemethergroep 13% en in de intramuseulair 
kininegroep 17%. Ook hier verdwenen de parasieten 
sneller uit het bloed met artemether. De koorts hield 
« el v at langer aan (5,3 dagen), het herstel uit coma 
duurde langer (bijna 3 dagen) en de opnameduur was 
langer (12 dagen) dan in de kininegroep [30]. 

In het editorial in de New England Journal of 
Medicine van 11 juli 1996, waarin bovenstaande studies 
gepubliceerd werden, wordt genoemd dat de mortaliteit 
\ an ernstige malaria nog steeds te hoog is [31]. Helaas 
heeft ook artemether dit niet kunnen reduceren. 
Wellicht is artesunaat, dat intraveneus toegediend nog 
sneller werkt, superieur aan artemether en kan het de 
mortaliteit van ernstige malaria wel reduceren. Een 
recente, nog niet gepubliceerde studie uit Vietnam gal' 
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een mortaliteit van 8% voor artesunaat vergeleken met 
20% in de kinine groep. 

Zwangerschap 
Er zijn slechts anekdotische berichten over het 

gebruik van artemisininederivaten in de zwangerschap. 
Tn één studie werden geen afwijkingen gevonden bij 
6 kinderen van moeders die in het tweede of derde 
trimester van de zwangerschap met artemisinine of 
artemether waren behandeld. Ook in een bericht over 
i- kinderen van wie de moeders tijdens 16-38 weken 
zwangerschap waren behandeld met artemisinine, 
werden geen afwijkingen gemeld bij de kinderen in een 
follow-up tot 10 jaar. 

I n het algemeen lijkt het verstandig in het eerste 
trimester geen artemisininederivaten voor te schrijven, 
omdat het effect op de foetale ontwikkeling bij mensen 
nog onvoldoende bekend is. Embryotoxiciteit, maar geen 
teratogeniteit, werd beschreven bij muizen, ratten en 
konijnen die hoge doseringen artemether kregen. 
Gezien het ernstige beloop van malaria in de zwanger
schap moeten artemisininederivaten worden overwogen 
bij kinineresistentie of-overgevoeligheid [30]. 

Exceptionally high cure rate 
Rapid reduction of fever 
Rapid clearance of parasites 
High patient acceptability 



Regis t ra t ie 

BUITEN EUROPA 

Artemisinine is geregistreerd in China en Vietnam. 
Artesunaat tabletten en ampullen zijn geregistreerd in 
Brazilië, China, Ghana, Myanmar, Thailand en 
Vietnam. Artemether capsules zijn geregistreerd in 
China. Artemether ampullen voor ggf̂  ___ 
intramusculaire toediening (Paluther R') hb'['! •'«•"«si 
is ontwikkeld door Rhône-Poulenc 
Rorer uit Frankrijk in samenwerking 
met Kunming Pharmaceutical 
Factory in China. Paluther*' is reeds 
geregistreerd in 23 landen in Afrika, 
8 landen in zuidoost-Azië en 6 
landen in Latijns Amerika. Arenco 
Pharmaceutica uit België distribueert het orale 
product Artenam® (artemether) in Afrika. 

1 let is in veel van deze landen onduidelijk in 
welke mate de registratie-eisen overeen komen 
met WHO-richtlijnen en standaarden voor 
good manufacturing practice (GMP). Het feit 
dat deze middelen vrij 'over the counter' of op de zwarte 
markt verkrijgbaar zijn, zal ongetwijfeld in de toekomst 
gevolgen hebben voorde resistentieontwikkeling. In 
de Verenigde Staten zijn nog geen artemisinine-
derivaten geregistreerd. 

BINNEN EUROPA 

Paluther* is in Frankrijk en Denemarken 
geregistreerd voor gebruik in het ziekenhuis. Ook het 
intramusculaire arteether (Artecef®) zal naar 
verwachting binnenkort worden geregistreerd (ACF 
Maarssen) en er wordt gewerkt aan een orale vorm van 
dihydroartemisinine. Bij Mepha (Zwitserland) is 
artesunaat als tablet en als rectale capsule nog in een 
pre-registratiefase. Novartis zal in 1999 in Europa 
registratie aanvragen voor het orale combinatieproduct 
artemether/benflumetol (co-artemether). 

Het zou aantrekkelijk zijn als een nieuw malaria
middel op de markt zou komen met een 

« h o g e r e prijs 
in de ontwikkelde landen, zodat het voor 

1 een veel lagere prijs in de 
ontwikkelingslanden kan worden 
gedistribueerd. 

»Wil malaria 

Toekomst 
Na artemisinine (ie generatie) en zijn 

I derivaten 
(2c generatie) wordt er nu gewerkt aan 3e 

generatie artemisininepreparaten, die geheel 
synthetisch worden gemaakt. Er zijn synthetische 
trioxanen in ontwikkeling met een in-vitro-activitcit 
duizenden malen groter dan die van artemisinine [32]. 
Zo lijkt de toekomst voor de malariatherapie minder 
somber dan in de inleiding werd geschetst. De 
artemisininederivaten worden door sommigen 
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beschreven als de nieuwe hoop in de behandeling van 
malaria. Maar het dreigende gevaar is dat 'het kruid te 
snel wordt verschoten' wanneer dit veelbelovende 
middel in de eerste lijn wordt ingezet voor de 
behandeling van malaria. Daarom heeft de WHO ook 
strenge richtlijnen opgesteld aangaande de distributie 
van artemisinine en derivaten. Deze standpunten van de 
WHO zijn als volgt. 

• Artemisininederivaten zouden alleen moeten worden 
voorgeschreven in landen met'multidrug resistant 
malaria', dus bijvoorbeeld nog niet in Afrika. (Het is 
daar overigens al in meer dan 12 landen op de markt!) 

• Het zou alleen op recept verkrijgbaar moeten zijn en 
niet 'over the counter'. (Dit is helaas wel het geval in 
zuidoost-Azië en Afrika.) 

• Het moet een kwaliteitscontrole ondergaan. 
(In Europa vinden preregistratieprocedures voor 
artemether en arteether plaats volgens richtlijnen 
voor good clinical practice en good manufacturing 
practice. In veel malaria-endemische landen is het 
echter onduidelijk welke richtlijnen voor deze 
registratie worden gehanteerd.) 

• Combinatie met een ander effectief malariamiddel 
is noodzakelijk. (Meestal wordt het gegeven met 
mefloquine.) 

• Artemisininederivaten moeten niet worden 
voorgeschreven als chcmoprofylaxe. (Neurotoxiciteit 
bij langdurige inname is niet geheel uitgesloten en 
chemoprofylaxe verhoogt het risico op resistentie
ontwikkeling door de continue selectiedruk.) 

• Promotie van het middel die leidt tot misbruik door de 
consument, moet worden voorkomen. (Nu al 
verschijnen er berichten in de media dat artemisinine 
de 'magic bullet' is voor het malariaprobleem.) 

• Deze nieuwe groep van geneesmiddelen moet 
'post-marketing surveillance' ondergaan. 
('Post-marketing surveillance' onder leiding van 
de W H O vindt alleen plaats in Thailand voor 
artesunaat en artemether. De overheid van 
Myanmar wil dit ook gaan opzetten [33]. 

Helaas lijkt het onafwendbaar dat dumping 
van deze aantrekkelijke groep van geneesmiddelen 
op de verschillende markten in ontwikkelingslanden 
toch zal continueren, ondanks de adviezen van 
de W H O . 



Conclusie 
Hoewel vrijwel nog nergens in de Westerse landen 

geregistreerd, hebben de artemisininederivaten hun 
effectiviteit bewezen voor de behandeling van malaria, 
inclusief de ernstige en cerebrale malaria en de multi
resistente malaria. Hun effectiviteit, het ontbreken van 
ernstige bijwerkingen en de betrekkelijk lage productie-
en verkoopkosten, geven de artemisininederivaten een 
belangrijke plaats bij de behandeling van malaria. 

Vanwege de hoge frequentie aan recrudescenties is 
langdurige behandeling in monotherapie (5 tot 7 dagen) 
of combinatie met een ander, langer werkend middel 
zoals mefloquine ofbenflumetol, noodzakelijk. 

Idealiter zouden de artemisininederivaten 
gereserveerd moeten worden voor die situaties waarbij 
de gebruikelijke malariamiddelen niet kunnen worden 
gege\ en. Dit zal «'aarschijnlijk voor de Afrikaanse 
praktijk een illusie zijn. 
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Chronologisch dankwoord 

'wir sind für nichts so dankbar wie für dankbarkeit" Ebner-Eschenbach 
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Het begon allemaal tijdens een lunch in het 
AMC- personeelsrestaurant in 1995 met 
Richard Koopmans. Ik had najaren van 
klinisch werk binnen de inwendige 
geneeskunde opeens het wetenschappelijke 
vuur gekregen en dacht dat er toekomst zat in 
het voorkómen van infecties niet met 
antibiotica maar met probiotica (Lactobacillus 
sp. , inmiddels verwerkt in elke yoghurt). Na 
tegen enkele muren te zijn opgelopen met dit 
brilliante idee realiseerde ik mij dat niemand 
zat te wachten op een dure, 35 jarige internist 
met een origineel onderzoeksvoorstel. Richard 
toch wel, maar hij had een geheel ander onder
zoeksvoorstel. Dank Richard. 

Promotieonderzoek, malaria, geneesmiddel 
onderzoek naar een oeroud kruid waarmee de 
Chinezen malaria bestreden en bestrijden. Dus 
praten met de professor. Professor van Boxtel 
bleek formatie en geld voor 3 jaar research te 
hebben en zo vonden het idee, de financiering 
en de man elkaar. Dank Chris, voor dit unieke 

analisten op dit lab Ellen, Rob, Leni, Leonie 
(Dank voor je autorit met "dikke druppel-aan-
huis" in de Bijlmer). Door professionele 
opvang van alle verpleegkundigen van de 
onderzoeks-afdeling F5NO onder leiding van 
Nicolette Spronk verliepen de opnames van 
patiënten in de studie bijna altijd vloeiend. En 
dat was niet eenvoudig met deze bijzondere 
patiëntenpopulatie. Dank Nicolette en Edwin 
en allen van F5NO. 

En een bijzondere patiëntenpopulatie was 
het. De eerste patiënt beweerde dat hij koning 
in Ghana was en musicus. Ik dacht dat deze 
waan een neurotoxische bijwerking was van de 
studie medicatie. Maar alles bleek waar ! Mijn 
bezoek aan hem in Kumasi, Ghana en z'n CD's 
("Feeling Bam !") blijven een fantastische 
herinnering. Bedankt Chief A. De tweede 
patiënt, Linda bleek van wetenschappelijke 
grote waarde maar emotionele waarde nog 
meer. Ze leerde me over recrudescenties, over 
de natuurlijke groei van haar malaria parasiet 
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voorstel en je bereidheid mijn promotor te 
willen zijn. De aangeklee borrels bij je thuis 
in Nigtevecht, dank ook aan Frida, waren een 
gezellige afwisseling voor de soms zware 
gesprekken en discussies in KO 1-64. Eind 
september '95 ging ik aan het werk en ik zou 
het promotie onderzoek gaan combineren met 
de aandachtsgebieden klinische farmacologie 
en infectieziekten. Door een slimme 
constructie en een flexibele geest van 
Professor Speelman kon dit. Dank Peter. 

Er zou een malaria trial in het AMC 
opgezet en uitgevoerd moeten worden. 
Professor Kager van de Tropische 
Geneeskunde dacht mee over een goed 
protocol en verleende zijn medewerking aan 
de trial. Dank Piet. Peter de Vries leerde me 
snel enkele wetenschappelijke kneepjes van 
het vak, waarvoor dank Peter. De logistiek van 
de trial had echter heel wat om handen. Na een 
'explosieve start' -ongetwijfeld het gevolg van 
dieper liggende frustraties bij beide partijen
verliep de samenwerking met Tom van Gooi 
en zijn Lab voor parasitologische diagnostiek 
uitstekend. Dank Tom. De vele dikke druppels 
en uitstrijken gingen perfect, zeker na de 
cursus die door jullie gegeven is. Dank aan de 

en ze regelde de ontmoeting met haar vriendin 
Laura. Dank Linda en nogmaals mijn oprechte 
excuses aan Marian voor het "most unfortunate 
needle stick accident" (zie Addendum). Over 
Laura straks meer... 

Achter de schermen was die logistiek van 
de trial nooit goed gelopen zonder de inzet van 
Mirjam Veeger, CRA bij Novartis, Arnhem. 
Bedankt Mirjam voor je strenge maar vooral 
gezelllige aanwezigheid bij het invullen van de 
vreselijk saaie Clinical Record Forms. 
Raymond Schmidt en Ineke van Buuren 
(Novartis, Arnhem) ook dank voor jullie 
ondersteuning, vooral in de wat moeilijker 
perioden. I would like to thank Bob Mull, 
Daniël Marthe and Insa Gathmann (Novartis 
AG, Basel) for their support in the two studies 
carried out with their new product Riamet®. I 
am grateful to Miriam O'Hare for her help in 
writing correct English in the two papers on 
these studies (Hoofdstuk 6 en 7). 

Zonder het bloed dat bij de patient of 
vrijwilliger na toestemming werd afgenomen, 
zou menig hoofdstuk in dit boekje niet zijn 
geschreven. Dank voor jullie bloed. In 
sommige culturen is het niet makkelijk om "de 
levensenergie" in die hoeveelheden uitje te 
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laten halen. En dan komt het bloed terecht in 
de handen van de analisten. Els -"ik zeg lekker 
niet wat er uit komt"-Portier en Jan -"doe je 
eigenlijk wel eens wat zelf, Michiel ?"-Butter. 
De getalletjes die zij keer op keer weer 
zorgvuldig berekenden waren de kern van veel 
van mijn berekeningen. Dank Els en Jan. 

En hoe word je langzaam van clinicus een 
beetje wetenschapper ? Je leert woorden als 
however, nevertheless, it warrants further 
study, has to be elucidated, the results are 
shown in, je carried heel veel out en weinig in, 
en al deed je het allemaal zelf, we performed 
it. Vol trots stuur je het in 3 voud naar een 
tijdschrift en na 4 maanden wachten wordt je 
afgemaakt door 2 referenten: "entirely 
superfluous, the whole paragraph lacks clarity, 
the language used requires general editing. 
Bedankt editors. 

Maar ja, met vallen en opstaan groei je. 
Vaak alleen maar soms ook met anderen. 
Gefrustreerd door een computerprogramma of 
worstelend met een probleem heeft Michiel 
Derks opeens een brilliante oplossing. Als hij 
na 30 schermen aangeklikt te hebben zegt: "ik 
weet ook niet hoe ik er aan kom, maar zo moet 

"ha-ha" Gupta waren de proefpersoon-
onderzoeken onmogelijk. Dank jullie beiden. 
Veenu, ik vind dat een paranymf iemand moet 
zijn die een substantiële steun aan het 
promotieonderzoek heeft geleverd . En dat heb 
jij zeker met vele uren van data vergaren, 
proefpersonen tevreden houden en "modellen, 
modellen, modellen " En dit alles met je 
India'se glimlach die een ieder doet smelten. 

De studenten kwamen niet alleen uit India 
maar ook uit Vietnam. Voordat zij afstudeerde 
als medisch bioloog deed Thi Danh Vuong 
samen met Teun onderzoek naar detectie van 
artemisinine in urine. Door omstandigheden 
vertrok zij helaas niet met de artemisinine 
detectiemethode maar met INH dipsticks naar 
Vietnam voor onderzoek in het veld. Toch 
dank voor je inzet en de heerlijke Vietnamese 
loempia's van je familie. 

En datje een boekje over een tropische 
ziekte als malaria niet alleen in een kelder 
moet schrijven, werd gelukkig nog 
verwezenlijkt door de twee geneeskunde 
studenten Jan-Paul-"een fonds goed voor 300 
miljoen"- Rutten en Timo-"we moeten onze 
derde doelstelling niet vergeten" van der 
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je het doen.." bedankt Michiel, ik heb van je 
geleerd. Maar nog iemand op KOI (kortweg 
Kelder) leerde me de wetenschap. Veel 
aspecten van de malaria leerde ik van een 
chemicus(l), Teunis Eggelte. Teun, in ruil voor 
een receptje zo nu en dan leerde ik door jou de 
valkuilen van het doen van onderzoek ("t 
probleem is "begon vrijwel elke reactie op 
een gedachte van mij). Soms leken het 
Tropenjaren, " kun je me nog één keer een 
printje geven?" of narcistische krenkingen "je 
wilt in je inleiding de hele wereld schoon 
vegen maar het stuk eindigt met het schoon 
vegen van je stoeptegel! maar jouw steun 
en hulp als co-promotor was werkelijk 
onmisbaar. Dank, Teunis. 

Wat zou je moeten beginnen als de 
wetenschappelijke stage in het curriculum 
voor medisch studenten zou worden afgeschaft 
? Nog een Michiel, van der Linden draaide 
met hoge snelheid wiskundige modellen in 
elkaar in het programma Scientist. Ik ben er 
nog stil van. Dank Michiel, voor je 
onderhoudende theoretische exercities. Maar 
ook practische exercities zijn onontbeerlijk 
voor onderzoek. Zonder Chantai - "dat hebben 
we niet in Kuuk" -van der Graaf en Veenu -

Wösten. Jullie inzet voor de studie met 
malariapatiënten en cyclo-rijders in Phan 
Thiet, Vietnam was grandioos, waarvoor dank. 
Dat het veldonderzoek zonder jullie inzet en 
"Kuong Sau"-mentaliteit vast niet gelukt was, 
constateerde ik ter plaatse. 

En om het leed van de eenzame 
promovendus in de kelder dan wat te 
verzachten kwam er nóg zo'n internist bij die 
het nodig vond na z'n opleiding die moeizame 
promotie-gang te gaan. Wat hebben we 
gemopperd, Koen, maar ook veel gelachen en 
veel gedeeld, dank Koen "m'n blijheidsgen 
staat vandaag weer eens aan" de Blok. Het is 
een eer datje m'n paranymf wilt zijn. Faucia 
en Elly die mijn dagelijkse brood en glimlach 
te J-O verzekerden, mijn dank. 

"De eindsprint, het schrijven van je boekje, 
kan tegenvallen als je hier net begonnen bent 
in het drukke Rotterdamse", hoorde ik van 
collega Inge Gyssens en zij sprak uit eigen 
ervaring. Gelukkig kreeg ik van haar en van 
Siem de Marie, Hubert Endtz, Greet Vos, Kees 
Verduin, Jan Nouwen en Machteid van der 
Feltz en last but not least het hoofd van de 
afdeling Professor Henri Verbrugh de ruimte 
in het rooster om dit toch binnen een jaar na 
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aanstelling te kunnen verwezenlijken, 
waarvoor mijn hartelijke dank aan allen. Ik 
hoop het in de toekomst te compenseren. 

Geert Woerlee, 'beroeps-nerd' en vriend, 
dank voor al je tijd en expertise die je in de 
ontwikkeling van het mathematische malaria
model hebt gestoken. Het model simuleerde 
prachtig het beloop van de circulerende en 
gesequestreerde parasieten in de tijd, kon 
recrudescenties voorspellen en koppelde zelfs 
de farmacokinetiek aan de therapeutische 
respons. Helaas bleek het toch nog onrijp om 
het stuk in dit boekje op te nemen. Maar goeie 
wijn verzuurt niet. 

Marc van Oldenborgh, onze vriendschap 
zal hopelijk nog lang gevoed blijven onder 
andere met jou sprankelende creativiteit. Dank 
voor het picknick idee in Botshol en voor de 
creatie van mijn eigen website op het internet 
www.infex.com waarop de gehele dissertatie 
full tekst te lezen is. 

'No science without art'. Bedankt Jan 
Montyn voor het mogen gebruiken van, naar 
mijn mening, een van je fraaiste etsen voor de 
voorkant van dit boekje. Jacques Koeweiden, 
je hebt al heel wat voor me ontworpen en 
steeds in je vrije tijd. Leuk hè, vrienden? 

op vrijdagmorgen in het WG staan in m'n 
geheugen gegrift. Het is een eer met jullie 
allen van gedachte te mogen wisselen bij mijn 
verdediging. 

Dank aan Paula Jansen en Hans Rijnja 
voor de hulp bij de definitieve (toch wat 
bizarre) layout van dit boekje. 

De diepere drijfveren om iets te willen en 
daardoor ook iets te kunnen, zetelen denk ik in 
de sterke familieband die ons allemaal binnen 
het gezin -ieder op z'n eigen manier- de 
energie geeft om iets met het leven te doen. Zo 
voel ik dat ik aan ieder een beetje dank 
verschuldigd ben bij het voltooien van dit 
boekje. Dankbaar voor de morele steun van 
m'n ouders, dank pa: "ik beschouw jou toch 
een beetje als mijn lijfarts", en mama 
(20.04.84) "ik weet dat jij dat kan", en als 
jongste van zes: Toine, Pim, Frank, Marie-
Louise en Claire ; dank voor het door jullie in 
mij gestelde vertrouwen. Laten we die v8x-
band koesteren. Maar die hechte band kan 
alleen maar hecht blijven samen met Ans, 
Emily, Rietje, Hans en alle kinderen. 

En dan kom je chagrijnig thuis vanwege 
irritaties over, tja al die dingen die iedereen 
kent maar die maar niet meer genoemd worden 

http://www.infex.com
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Waarom gaan jullie nou niet rnee naar Cuba ? 
Zeer bedankt voor het originele design van dit 
boekje. 

Met trots dank ik de heren ( tja, het zijn 
alleen heren) die in mijn promotiecommisie 
plaats hebben willen nemen: Professor Kager, 
Piet, het belang van artemisinine derivaten in 
de behandeling van malaria werd door jou als 
een van de eersten onderkend. Professor 
Merkus, iemand die dynamischer en kritischer 
de Vereniging van Klinische Farmacologie en 
Biofarmacie voorzit ken ik eigenlijk niet. 
Professor Peck, Carl, "you inspired me to do 
research in clinical pharmacology in 1984; I 
am very happy and honored that you are a 
member of my promotion committee". Dr. 
Rietra, Peter, jouw zeer gedegen en prettige 
input op het gebied van de 
microbiologie/infectieziekten voor de afdeling 
interne geneeskunde in het OLVG stimuleerde 
mij, destijds als assistent interne in 1992-1994, 
om in deze richting verder te gaan. Professor 
Speelman, Peter jouw klinische kennis en 
vaardigheden en grote sociale gaven maken 
jou voor mij een voorbeeld van een goed arts. 
Prof Vreeken, de fantastische colleges interne 

in een dankwoord, en dan is Laura daar, die 
relativeerde, troostte en altijd voor die 
lustvolle ontspanning zorgde na de onlustvolle 
spanning. Dank je lieve Lok. We bleven 
tijdens deze promotie-periode ook samen fijne 
dingen doen en die momenten nemen, hoop ik, 
vanaf nu alleen nog maar toe in frequentie en 
intensiteit. 
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De auteur van dit proefschrift (geboren in 
1960) groeide op in Bloemendaal en haalde 
zijn Atheneum B diploma in 1978 aan het 
Mendelcollege te Haarlem. Uitgeloot voor de 
studie geneeskunde maar met een bipatride 
nationaliteit (NL en Belgisch) schreef hij zich 
in aan de Universiteit van Leuven voor de 
Geneeskunde studie. Na 1 jaar werd hij 
ingeloot aan de Universiteit van Amsterdam 
en vervolgde de studie in Nederland. Tijdens 
zijn studie was hij o.a. student-assistent 
neurofysiologie in het Jan Swammerdam 
Instituut en verbleef hij in Ndareda, Tanzania 
waar hij epidemiologisch onderzoek deed voor 
het Koninklijk Instituut voor de Tropen, (dr. 
F.E.R. Folmer) 

Na zijn doctoraal examen in 1984 verbleef 
hij, in een wachttijd voor de co-schappen, een 
halfjaar in Washington D.C., Verenigde 
Staten. Daar deed hij onderzoek naar het 
doseren van aminophylline aan intensive care 
patiënten in het Naval Medical Center, 
Uniformed Services University of the Health 
Sciences, Dept. of Clinical Pharmacology 
(Prof. dr. C. C. Peck, internist), Bethesda. Hij 
volgde daarnaast een cursus 'Computers in 
Clinical Medicine' aan the National Institutes 

Van 1989 tot 1990 werkte hij als arts
assistent interne in het Onze Lieve Vrouwe 
Gasthuis (dr. J.J. Silberbusch) te Amsterdam. 
Van 1990-1992 werkte hij als arts-assistent 
interne in het St. Elisabeth Hospitaal te 
Willlemstad, Curaçao (Prof. dr. A.E.C. Saleh). 
In weekenden werkte hij regelmatig als 
poortarts in het St. Franciscus Hospitaal op 
Bonaire. 

Zijn opleiding tot internist vervolgde hij 
van 1992-1994 in het O.L.V.G. te Amsterdam 
en van 1994-1995 in het Academisch Medisch 
Centrum te Amsterdam (Prof. dr. L. Arisz). 
Oktober 1995 werd hij ingeschreven in het 
specialisten-register als internist. Van 1995-
1998 combineerde hij promotie onderzoek met 
de twee aandachtsgebieden infectieziekten 
(Prof. dr. P. Speelman) en klinische 
farmacologie (Prof. dr. C.J. van Boxtel) 
waarvoor eind 1998 registraties plaatsvonden. 

Vanaf oktober 1998 is hij werkzaam als 
internist-infectioloog-klinisch farmacoloog in 
de staf van de afdeling Medische 
Microbiologie en Infectieziekten (Prof. dr. 
H.A. Verbrugh, medisch microbioloog) van 
het Erasmus Universitair Medisch Centrum te 
Rotterdam. 



of Health, Bethesda. 
Na zijn artsexamen (cum laude) in 1987 

werd hij luitenant-ter-zee-arts bij de 
Koninklijke Marine en werkte o.a. in het 
Marine Hospitaal te Overveen ( W.F. van 
Marion, internist). 

Daarnaast is hij redacteur van de homepage 
'infectieziekten en tropische geneeskunde' van 
een internet-site voor en door artsen 
(www.medweb.nl) 
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A MOST UNFORTUNATE NEEDLESTICK INJURY 
Why the doctor paid a taxi for the nurse 
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A few months ago when I was inserting an intravenous catheter into 
the cubital vein of a patient with malaria I accidentally stung the 
assisting nurse in the back of her hand with the needle that was 
withdrawn from the catheter. As the nurse had an adequate hepatitis 
B vaccination titre I advised her to contact me only if she developed 
fever. Eighteen days later she called and said that she had flu. I asked 
her to come to the hospital for a thick smear, but she wanted to go to 
bed and take some aspirin. Besides, she was alone at h o m e and had 
no money for transport. Afraid of the possible consequences of her 
staying at h o m e and feeling guilty, I offered to pay for a taxi. 

O n examination she had a temperature of 39.5°C without any 
other abnormal findings. A thick smear showed two ring stages of 
Plasmodium falciparum per 100 leucocytes. The number of leucocytes 
was 2.8x10*/1, the other laboratory results were normal. She was 
treated with 600 mg of oral quinine three times a day for three days 
and three tablets of Fansidar on the third day. She recovered well. 

The patient with malaria had acquired her infection in the 
Gambia. She had not taken any antimalarial medication at the time of 
the accident when her parasitaemia was 277 /100 leucocytes (=0.2% 
parasitised red blood cells). Despite this low grade of parasitaemia and 

the minimal transfusion of blood from the patient to the nurse, 
transmission apparently took place. If you assume entrance of one 
single, parasitised red blood cell into the circulation and a 
multiplication factor of 10 every two days you can expect a total of 10" 
parasites at day 18. Assuming no sequestration you would expect a 
parasitaemia of about 7 /100 leucocytes. 

The case teaches us that the normal incubation period for 
Pfalciparum malaria (10 to 16 days) does not apply in cases of 
needlestick malaria. Since the liver stage is bypassed it may be as short 
as seven days but with a very small inoculum symptoms can start 18 
days after the accident, as seen in our patient. Previous reports on 
accidental inoculations showed incubation periods varying from seven 
to 17 days and up to 24 days in case of blood transfusions. 

It would probably have been a safer course of action, however, to 
have treated the nurse immediately alter the injury. 

Michael A Van Agtmael is an internist in the department of infectious 
diseases, tropical medicine and AIDS of the Academic Medical Centre, 
Amsterdam, Netherlands 






