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Abstract Artemisinin was discovered in 1971 from a
herb, Artemisia annua, which had been used for more than
2,000 years in China against intermittent fever. Now, the
artemisinin and its derivatives have become essential
components of artemisinin-based combination therapies
(ACTs). The ACTs are the recommended first-line treat-
ments of malaria because they are effective against all four
human malarias, produce rapid parasite/fever clearance,
and show fewer adverse effects. Some ACTs are particu-
larly important in cases of severe and complicated falci-
parum malaria, including cerebral malaria. However,
neither the artemisinin and its derivatives nor any ACTs are
registered in Japan. Indeed, the only licensed drugs for the
treatment of malaria in Japan are quinine, mefloquine, and
sulfadoxine/pyrimethamine. Although indigenous malaria
has been eradicated in Japan since 1959, 60-100 imported
malaria cases have been reported annually for the past
decade. Some of the patients were, in fact, dying of the
severe complications. Thus, the introduction of the ACTs
and their application to imported malaria patients in Japan
are urgently needed. A few clinical studies using the ACTs
have been reported in Japan. The first application of an
ACT, intramuscular artemether plus mefloquine, was
reported in 1988 to be very effective against cerebral
malaria with coma. Five cases with intravenous artesunate
plus mefloquine were reported through 2001-2007, for
severe or drug-resistant falciparum cases, resulting in
successful treatment with some side effects such as
hemolytic anemia or postmalaria neurological syndrome.

S. Kano (X))

Department of Tropical Medicine and Malaria,

Research Institute, National Center for Global Health and
Medicine, 1-21-1 Toyama, Shinjuku, Tokyo 162-8655, Japan
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Currently, a fixed-dose ACT, artemether—lumefantrine, is
prescribed successfully for uncomplicated falciparum
cases, with a limited number of recrudescences.

Keywords Malaria - Artemisinin-based combination
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Introduction

Indigenous malaria has been eradicated since 1959 in
Japan, and it is no longer a health threat for those who are
residing within the Japanese islands. However, there are
around 243 million people in the world who are reported to
be contracting malaria, and more than 863,000 people are
estimated to be dying from it [1]. In fact, expansion of the
areas where multi-drug-resistant malaria prevails is a big
issue for endemic people as well as those who are traveling
to those areas.

About 16 million Japanese people go abroad in a year,
and many of them are under risk of contracting malaria in
the endemic areas. As it is, 60—100 imported malaria
patients have been reported annually for the past decade in
Japan, and some of them unfortunately died. One of the
reasons why the imported malaria patients are not properly
treated in Japan is the limited number of registered anti-
malarial drugs: only quinine, mefloquine, and sulfadoxine/
pyrimethamine. That is to say, those travelers who might
be infected in multi-drug-resistant malaria endemic regions
such as the Thai-Myanmar or Thai—-Cambodian borders
cannot be cured effectively if they become ill after coming
back to Japan (Fig. 1). Indeed, severe malaria patients who
could be complicated with cerebral malaria or high para-
sitemia cannot rescued in Japan in any way.
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Fig. 1 Trends of drug resistance in Thai-Myanmar border. Yearly
cure rate of falciparum malaria by antimalarial drugs such as
chloroquine (CQ), sulfadoxine/pyrimethamine (SP), quinine (Q),
mefloquine (M: M5, 15 mg/body weight; M,s, 25 mg/body weight),
quinine plus tetracycline (Q7), and artemisinin-based combination
therapy (ACT), which have been monitored at Faculty of Tropical
Medicine, Mahidol University, Thailand (with compliments to the
late Prof. S. Looareesuwan)

The selection of a new and/or alternative antimalarial
medicine for use at the public health level within the
context of national treatment guidelines in the endemic
countries should be based on an average cure rate of >95%,
as assessed in clinical trials [2]. Although there are no
official treatment guidelines or any precise statistical
records on drug-resistant cases in Japan, as it is not an
endemic country, a change of an antimalarial medicine
recommended in the malaria treatment policy should be
initiated because the proportion of treatment failure is
presumed to be increasing.

Artemisinin and its derivatives are now widely used as
part of artemisinin-based combination therapies (ACTs)
[3], not only in endemic countries but also in non-endemic
developed countries. These drugs produce rapid parasite
clearance and fever clearance, are clinically important,
particularly in cases of cerebral and severe malaria [4],
show fewer adverse effects, and have not been reported to
produce significant resistance [5], Thus, introduction of the
ACTs and their application to imported malaria patients in
Japan are strongly needed. The importance of the ACTs in
the context of travel medicine is discussed in this review
article with summaries of reported cases treated with ACTs
in Japan.

Artemisia in Chinese materia medica

Artemisinin (qinghaosu #7&#%) is found from the plant
sweet wormwood (Artemisia annua, huang hua hao
AL E/qing hao 755 (Fig. 2), which is believed to have
been used for more than 2,000 years as a Chinese herbal
medicine. It was first described in medical history by Ge
Hong to recommend the herb extract for the treatment of
“intermittent fever,” which could be caused by malaria [6].
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Fig. 2 Artemisia annua

He advised soaking the herb in water, and then wringing it
out and ingesting the juice in its entirety (Fig. 3).

Late in the Tang Dynasty (618-907), a very interesting
alternative therapeutic usage of Artemisia was recorded. In
fact, they were soaking the entire plant in urine rather than
water [4]. It could have been a very good way in case of
emergency without fear of contamination from water-borne
microbes, or the urine itself could have optimized the
extraction of the effective substance, Artemisia sesquiter-
penes, from the herb. Artemisia is also recommended to be
used for acute convulsions or, interestingly, in case of
contact with a dead body or possession by evil spirits [7].
We could imagine that those psychiatric disorders might be
caused by complications from cerebral malaria, concluding
that Artemisia may have been directly or indirectly useful
because of its antimalarial effects.
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Fig. 3 First description of artemisinin for malaria in medical history
[6] (with compliments to the late Prof. M. Aikawa)

Artemisinin and its derivatives

Artemisinin was discovered by a Chinese chemist in 1971,
being extracted from Artemisia annua in ethyl ether, and was
known practically to the world in 1979 [8]. It has a very
complicated chemical structure with 15-carbon peroxide,
sesquiterpene lactone, without a nitrogen-containing hetero-
cyclic ring system (Fig. 4). In the early 1980s, it was soon
reported that artemisinin was effective for both uncomplicated
and severe malaria [9, 10]. Then, the parent drug artemisinin
was replaced by dihydroartemisinin (DHA) and its water-
soluble derivative, artesunate, and the oil-based formulation
of artemether, which have greater antimalarial activity.

Artemisinin and its derivatives are effective against
every stage of the asexual and sexual parasites in the
erythrocytes, but do not affect the hypnozoite of Plasmo-
dium vivax and Plasmodium ovale. The mechanism of
action of the artemisinins is attributed to their endoperox-
ide bridge (see Fig. 4) [11, 12], and the mode of action is
likely to be ion-dependent alkylation [13]. The primary
target of P. falciparum is proposed to be the sarcoplasmic
endoplasmic reticulum calcium adenosine triphosphatase
(PfATPase 6) [14, 15]. However, these pharmacological
properties still remain uncertain.

Peak plasma concentrations of artemisinin, artesunate,
and artemether occur around 3-11, 0.5-1.5, and 2-3 h,
respectively. Biotransformation is mediated via the cyto-
chrome P450 enzyme CYP2B6 or CYP3A4. Elimination
half-life of the three compounds is approximately 1 h,
45 min, and 1 h, respectively [16, 17].

R=0 Artemisinin
OH Dihydroartemisinin
O CH; Artemether

O CO(CH,),COONa Sodiumartesunate

Fig. 4 Chemical structures of artemisinin and its main derivatives

Safety and tolerability has been well documented with
artemisinin and its derivatives [18]. The only potential
adverse effect was reported to be hypersensitivity reactions
in approximately 1 in 3,000 patients [19]. Experimental
neurotoxicity was reported in animal studies with high-
dose administration with artemether, but this effect has not
been substantiated in humans [20]. The one unresolved
concern is in the safety of their use in the first trimester of
pregnancy [21].

In the treatment of severe malaria, artemisinin and its
derivatives have been used effectively. They reduce con-
siderably the number of parasites that mature to schizonts
to sequester in the capillaries, blocking the blood circula-
tion [22, 23]. This effectiveness is directly connected to the
life-saving benefit as compared to quinine [24]. Random-
ized trials comparing artesunate and quinine from South
East Asia showed clear evidence of the benefit: mortality
was reduced from 22% to 15% [25]. Now, the World
Health Organization (WHO) recommends that artesunate is
the treatment of choice for adults with severe malaria.
Particularly, intravenous artesunate has been shown to
significantly reduce the risk of death from severe malaria as
compared to intravenous quinine with high-quality evi-
dence [26].

Practical aspects of ACTs

Antimalarial combination therapy has its rationale in that
the simultaneous use of two or more blood schizonticidal
drugs with independent mode of action and different tar-
gets in the parasites is more effective, and the combination
is expect to exert mutual protection preventing or delaying
the emergence of parasite resistance against each drug.
ACTs are the ways of administering drug combinations in
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which one of the components is artemisinin and its deriv-
atives (e.g., artesunate, artemether, DHA).

If artemisinins are given alone, 7-day regimens are
required to maximize their cure rate because they are
eliminated very rapidly. This long duration of treatment
with the artemisinins can be reduced to 3 days if the
combination partner in ACTs is a slowly eliminated anti-
malarial [27]. The complete clearance of all parasites is
dependent on the partner medicine persisting effectively in
the patient blood until the infecting parasites have been
eliminated. In addition, this contributes to the protection
from emergence of parasite resistance against the arte-
misinin component.

The first ACT to be evaluated was artesunate plus
mefloquine [10, 28], because mefloquine has a long
elimination half-life of around 21 days for healthy indi-
viduals and around 14 days for malaria patients. As it is,
mefloquine can work synergistically with artesunate. The
combination proved quite promising resolution on the
Thai-Myanmar border where even mefloquine-resistant
falciparum malaria had been reported [29-31]. This combi-
nation was also regarded to affect sexual-stage parasites,
blocking the transmission of gametocytes, but a more
effective gametocidal drug, e.g., primaquine, should be
combined with this regiment to be useful [32]. Now, this
ACT is usually available in endemic countries as blister
packs with separate scored tablets containing 50 mg
artesunate and 250 mg base mefloquine, respectively. A
fixed-dose formulation of artesunate and mefloquine is at an
advanced stage of development.

Practically, the first fixed-dose ACT was artemether—
lumefantrine (Coartem®/Riamet®): a tablet containing
20 mg artemether and 120 mg lumefantrine. An advantage
of this combination is that lumefantrine is not available as
monotherapy, and it has never been used alone for the
treatment of malaria [33]. It is absorbed and eliminated
more slowly than artemether, with a terminal elimination
half-life of 3—7 days [34]. Since Coartem® first received
international licensing approval in 1999, it has been regis-
tered for use in almost 90 countries [35]. The efficacy and
safety of its six-dose regimen were reported for treatment of
uncomplicated P. falciparum malaria in adolescents and
adults [36], in children and infants [37], and in non-immune
populations [38]. Coartem® has been included in the WHO
Model List of Essential Medicines since 2002 and has been
approved by the Food and Drug Administration in the
United States since 2009 [35]. Now, a formulation with
improved palatability (Coartem® Dispersible) has been
developed particularly for children that rapidly disperses in
a small amount of water for ease of administration [39].
Meta-analysis of 32 comparative trials showed artemether—
lumefantrine to be one of the most effective ACTs currently
available and may help to limit the spread of resistance [40].
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A relatively new ACT, dihydroartemisinin—piperaquine,
is currently available as a fixed-dose combination (Arte-
kin®) with tablets containing 40 mg DHA and 320 mg
piperaquine. Oral DHA is the main active metabolite of the
artemisinin derivatives and is rapidly absorbed from the
gastrointestinal tract with marked interindividual variation,
but the drug is usually detectable in plasma within 15 min
of dosing and disappears thereafter from the systemic cir-
culation within 3-8 h with elimination half-life of
approximately 45 min [21, 41]. Artekin® was reported to
be as effective and well tolerated as artesunate-mefloquine
and can be used alternatively for the treatment of multi-
drug-resistant P. falciparum malaria [42-44].

Artesunate plus amodiaquine (AQ) is sufficiently effi-
cacious, whereas 28-day cure rates with AQ monotherapy
only exceeded 80% [33]. AQ hydrochloride is readily
absorbed from the gastrointestinal tract and converted in
the liver to the active metabolite desethylamodiaquine.
Data on the terminal plasma elimination half-life of des-
ethylamodiaquine are not well known, but it is detected in
the urine several months after its administration [21]. Now,
Sanofi-Aventis and DNDi have produced Artesunate
Amodiaquine Winthrop® (ASAQ), a fixed-dose combina-
tion with a soluble formulation, specifically designed for
children, to be granted a “prequalified” status by WHO.

Finally, an alternative short-course ACT for acute
uncomplicated P. falciparum malaria was recently sug-
gested with a fixed-dose combination of artemisinin—
piperaquine—primaquine, Artequick®, with tablets containing
80:400:4 mg, respectively. The 28-day cure rate of the com-
bination is 98.5%, and it is well tolerated. It could be used as an
alternative treatment for multi-drug-resistant P. falciparum
malaria in Southeast Asia [45].

Case reports and clinical research in Japan

As artemisinin and its derivatives are not officially licensed
for the treatment of malaria or registered in Japan, man-
agement of drug-resistant malaria or severe/complicated
malaria is quite difficult in Japanese medical settings.
A research group, under a grant from the Ministry of Health,
Labour and Welfare of Japan concerning appropriate
preservation of orphan drugs and their application in Japan,
has been importing and preserving those artemisinins for
emergency therapy [46]. The artemisinins prepared for use
are artesunate suppositories (Plasmotrim Rectocaps®™;
Mepha), and artemether—lumefantrine (Riamet®; Novartis).
A few imported malaria cases treated with artemisinins
have been reported by a limited number of researchers in
Japan.

The first reported case with the ACT in Japan was a severe
malaria patient successfully treated with intramuscular
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Fig. 5 Intramuscular artemether in early days, 1980s [47]

artemether (Kunming Pharmaceutical Factory, Yunnan,
China) (Fig. 5) [47]. A Japanese 28-year-old man was suf-
fering from cerebral malaria with coma and peripheral blood
parasitemia of 17% P. falciparum. He contracted malaria
while he was traveling in several African countries in 1987—
1988 and was finally hospitalized in Tokyo 10 days after he
first manifested fever. Two hundred milligrams of arteme-
ther was administered as the first dose intramuscularly, fol-
lowed by 100 mg/dose at intervals of 12 h, to a total of
1,000 mg. He recovered from his coma the following
morning, and his consciousness became clear in 2 days.
However, parasite clearance time (PCT) was 66 h and fever
clearance time (FCT) was 124 h. Chloroquine, a total dose of
1,500 mg, followed after the in vitro chloroquine suscepti-
bility test had showed its effectiveness. The artemether was
proved to be effective and well tolerated, saving the life of
the patient, but the total dose indicated in the instructions for
use was much higher than is recommended now.

A case of recrudescence was reported in 1994 in Japan,
after intramuscular artesunate monotherapy (60 mg/day for
5 days) was performed in Kenya [48]. P. falciparum was
observed again after a 15-day interval. The recrudescence
rate of artesunate monotherapy was reported to be 41.2—
100% with a 3-day or shorter course and 0-28% with a
5-day or longer course [28, 49, 50]. Thus, the desperate
need for combination therapies has been discussed and, as
described above, effective ACTs are currently available.
This Japanese patient was finally treated successfully with
quinine hydrochloride plus minocycline for 7 days.

Intravenous artesunate (Artesunate for Injection®; Guilin
Pharmaceutical No. 2 Factory, Guanxi, China) was used
for the first time in Japan in 2000 against an imported
P. falciparum malaria case of a 47-year-old Nigerian male
whose parasitemia increased from 0.03% to 6.66% 1 day
after mefloquine treatment [51]. His signs and symptoms
were becoming sufficiently worse, with fever rising to
40°C, to be diagnosed as severe malaria according to WHO

criteria [52]. Thus, 120 mg artesunate was initially
administered intravenously, followed by 60 mg each at 24
and 48 h. Parasites were cleared within 20 h of the first
administration of artesunate, but his fever persisted for
7 days. Worsening of hemolytic anemia was observed
(RBC 210 x 10*ul, Hb 6.6 g/dl, T. bil 2.2 mg/dl, LDH
3,621 U/1) until red blood cell (RBC) transfusion was
performed 3 days after the artesunate administration. No
other partner drug was added because the in vitro test
showed susceptibility of the parasites to mefloquine.

Four more falciparum cases treated with intravenous
artesunate plus mefloquine were reported in Japan. (1) A
28-year-old Japanese woman coming back from India in
2001 showed 11% parasitemia. Her PCT was 24 h and
FCT was 108 h. Her anemia worsened once after the
artesunate administration [53]. (2) A 68-year-old Japanese
woman coming back from Tanzania in 2001 showed 34.1%
parasitemia, which once increased up to 45%, but all the
parasites were dying within 24 h of the first administration
of intravenous artesunate. However, her fever persisted on
day 11 when severe hemolytic anemia and jaundice were
observed. Blood transfusion was consequently required
[54]. (3) A 54-year-old Japanese man coming back from
several African countries in 2005 showed 10% parasitemia.
His PCT and FCT of intravenous artesunate were both
24 h. However, hemolytic anemia started on day 10 and
worsened until day 15 (Hb 4.4 g/dl, LDH 1,483 U/l) when
RBC transfusion (12 U) was performed [55]. Finally, he
successfully recovered from his severe malaria and was
discharged on hospital day 36. Then, 3 weeks after dis-
charge, he was readmitted to the hospital because of
incoherent speech and markedly disturbed and uncooper-
ative behavior without parasitemia. He was then diagnosed
as postmalaria neurological syndrome [56]. (4) A 43-year-
old Sudanese woman visiting Japan in 2006 showed 5.0%
parasitemia with unconsciousness. Her PCT was 33 h and
FCT was 26 h. Intravenous artesunate only was adminis-
tered on admission and 12 h later, at a dose of 120 and
60 mg, respectively. No adverse effect was observed [57].

The first application of a fixed-dose ACT, artemether—
lumefantrine (Coartem®), was reported in 2003 in Japan [58],
to a42-year-old Japanese woman who came back from Ghana
in 2002, manifesting high fever with P. falciparum parasites at
0.27% parasitemia, but was not successfully treated with
mefloquine alone. Thus, the treatment followed by Coartem®
was with a six-dose regimen, four tablets (artemether 20 mg
plus lumefantrine 120 mg/tablet) each at 0, 8, 24, 36, 48, and
60 h, which dosages are advised for multi-drug-resistant
malaria. Eventually, the patient showed a good clinical course
without any side effect.

Several cases with uncomplicated P. falciparum malaria
have been treated with artemether—lumefantrine (Riamet®)
successfully in Toyama Hospital, National Center for
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Global Health and Medicine, Tokyo. However, the first
case of treatment failure of imported malaria occurred in a
58-year-old Japanese man who showed recrudescence of
P. falciparum after treatment with the ACT [59]. The
recrudescence, which occurred 21 days after initial
admission, may have been caused by the poor absorption of
lumefantrine that resulted from not taking some fatty food
concurrently with the drug. The patient was finally treated
successfully with ~atovaquone—proguanil (Malarone®),
another combination therapy.

Conclusions

The WHO states that malaria control in the world will be
falling back to 10 years ago if drug resistance against the
ACTs should emerge and spread widely. Proper monitoring
and surveillance leading to appropriate containment mea-
sures of their resistance are urgently needed [60].

The ACTs are now first-line drugs for uncomplicated
falciparum malaria, and millions of cases are being suc-
cessfully treated in the world. Some ACTs are particularly
effective for life-threatening severe and complicated
malaria, including cerebral malaria. However, in Japan,
only a limited number of patients have been treated with
the ACTs, and some doctors are still suspicious of their
application. Indeed, the Ministry of Health, Labour and
Welfare of Japan has never tried to register those ACTs
because a sufficient number of clinical trials have not been
performed on “Japanese” patients. Pharmaceutical com-
panies will never be interested in introducing the ACTs
into Japan because no large profit will be expected for only
60-100 imported malaria cases per year.

However, some patients are suffering from drug-resis-
tant malaria or, in fact, from severe malaria that cannot be
successfully treated with those antimalarials registered in
Japan. In this review, the efficacy of artemisinin and its
derivatives, particularly of ACTs, is emphasized in the
treatment of imported malaria patients in Japanese medical
settings.
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