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Penetration of cerebrospinal fluid (CSF) by artesunate and DHA was assessed in six adults with cerebral or
severe malaria. Lumbar punctures were performed on admission and during convalescence, at 15 min (patient
1), 30 min (patient 2), 45 min (patient 3), 60 min (patient 4), 90 min (patient 5), and 120 min (patient 6) after
intravenous administration of 120 mg of artesunate. No artesunate was detectable in CSF. In both studies,
DHA levels in CSF increased with time while dihydroartemisinin levels in plasma fell. Dihydroartemisinin
might accumulate in CSF during frequent artesunate dosing.

Artemisinin derivatives are potent antimalarial drugs, but
there are concerns that they may be neurotoxic. Artemisinin-
associated brain stem injury occurs in animals (4, 5, 11, 18), but
despite the widespread use of artemisinin derivatives, evidence
of human neurotoxicity is weak (10, 14). Nevertheless, inhibi-
tion of neuronal development by artemisinin drugs in vitro
occurs at concentrations achieved in plasma during treatment
of malaria (21).

An understanding of artemisinin-associated neurotoxicity in
vivo requires knowledge of the penetration of the cerebrospi-
nal fluid (CSF) by these drugs. Such data are sparse. Artemisi-
nin derivatives cross the blood-brain barrier in rats (17). Con-
centrations of artemether in the CSF of dogs were low, and
there was no detectable penetration by its active metabolite,
dihydroartemisinin (DHA) (5). The pharmacokinetics of arte-
sunate in CSF are unknown, even though it is the only deriv-
ative that can be given intravenously to severely ill patients,
including those with cerebral involvement. There have been no
studies of the pharmacokinetics of artemisinin derivatives in
human CSF. We have therefore measured artesunate and
DHA concentrations in plasma and CSF during initial artesu-
nate treatment of cerebral malaria.

We studied six Vietnamese adults with severe falciparum
malaria (25). Five had cerebral malaria (25), and the sixth
underwent lumbar puncture to investigate meningism (Table
1). None of the study subjects had been treated with artesunate
within 8 h of admission or with artemisinin or artemether
within 24 h. Attendant first-degree relatives gave informed
consent to the patients’ participation in the acute-phase study.
The patients themselves consented to follow-up lumbar punc-

ture. The protocol was approved by the Ethics Committee of
Cho Ray Hospital and the Vietnamese Ministry of Health.

After rehydration and resuscitation, a blood sample was
taken for artesunate and DHA assay (0 min) and 120 mg of
artesunate was injected intravenously. Lumbar punctures were
performed on patient 1 at 15 min after artesunate administra-
tion, on patient 2 at 30 min, on patient 3 at 45 min, on patient
4 at 60 min, on patient 5 at 90 min, and on patient 6 at 120 min.
CSF aliquots were taken for biochemistry, microscopy, and
drug assay. A second blood sample was drawn at the same time
as CSF sampling. Patients were monitored intensively, and
complications were managed as previously described (25). Par-
asite counts were determined at least twice daily until parasite
clearance. Further 60- to 120-mg artesunate doses were given
intravenously at 24-h intervals until oral medication could be
taken. Patients underwent repeat lumbar punctures when they
were fully conscious, afebrile, and aparasitemic and had not
received artesunate for �8 h. All blood and CSF samples were
collected into chilled fluoride-oxalate tubes. Blood samples
were centrifuged, and the plasma was separated promptly. All
samples were stored and transported at temperatures of less
than �20°C.

Validated high-performance liquid chromatography (2) was
used for analysis of artesunate and DHA in plasma and arte-
sunate in CSF. Assay of DHA in CSF was done by gas chro-
matography-mass spectrometry (15). For plasma assays, the
relative standard deviations [RSDs] have been published (2, 3),
while RSDs between runs were �11% over the ranges of
artesunate and DHA concentrations found in our patients. The
limits of detection were 80 nmol/liter for artesunate and 70
nmol/liter for DHA. For DHA in CSF, the RSDs within runs
were �7.8% and the RSDs between runs were �16.0%. The
limit of quantitation of DHA in CSF was 3 nmol/liter. Statis-
tical analysis was done by nonparametric methods (SPSS for
Windows; SPSS Inc., Chicago, Ill.). The CSF/plasma DHA
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concentration ratio was calculated from the areas under the
plasma and CSF concentration-time curves from 0 to 120 min.

All patients recovered and were discharged an average of 7
days postadmission. One deeply comatose patient required
assisted ventilation for 24 h, and two others required perito-
neal dialysis. None of the patients suffered a convulsion or
developed residual neurological sequelae. Clinical and parasi-
tologic indices of response are summarized in Table 1. Fol-
low-up lumbar punctures were performed an average of 5 days
postadmission. Erythrocyte and white cell counts and protein
concentrations in CSF and CSF/plasma glucose ratios were
within the ranges reported for cerebral malaria (26).

Artesunate was detected, at a low concentration (315 nmol/
liter), in only the 15-min plasma sample of the acute-phase
study. None of the CSF samples contained artesunate. DHA
profiles in plasma and CSF are shown in Fig. 1. In the acute-
phase study, DHA concentrations in CSF increased progres-
sively as DHA concentrations in plasma fell. A similar, more
variable pattern was seen at follow-up. There were no differ-
ences between the DHA levels in plasma and CSF when paired
values from the acute-phase and follow-up studies were com-
pared (P � 0.18). CSF/plasma DHA ratios were 0.095 and
0.072 for the acute-phase and follow-up studies, respectively.

Our data are the first relating to the penetration of CSF by
artemisinin compounds in humans. In our single-dose study,
the absence of artesunate in CSF was consistent with its low
lipid solubility and the rapid fall in its concentration in plasma
after intravenous injection (7). Artesunate is converted stoi-
chiometrically to DHA, concentrations of which in plasma
peak at 10 min (3, 7). DHA is highly lipid soluble and has a low
molecular mass (284 Da), factors favoring penetration of CSF
(13). At 15 min postinjection, the DHA concentration in CSF
was 4% of that in plasma. The concentration in CSF increased
with time, while that in plasma fell, suggesting continuing in-
flux but a slower efflux of DHA. This may reflect a sink effect
of DHA uptake transfer by lipid-rich brain structures (13), but
the rate and extent of the movement of DHA from the CSF to
the brain parenchyma are unknown. The transmembrane drug
transporters multidrug resistance protein 1 (27) and P glyco-
protein (19) may also influence DHA kinetics in CSF by pre-

venting influx and efflux, respectively, even though the parent
drug, artemisinin, is not a P-glycoprotein substrate (22). In-
creased blood-brain barrier permeability enhances penetration
of the CSF by a drug (20). Since the acute- and convalescent-
phase profiles of DHA in CSF were similar, our data are
consistent with previous reports of normal cerebral capillary
permeability in severe malaria (8).

The average CSF/plasma ratio from limited area under the
concentration-time curve data (0.08 for both studies com-
bined) shows that the concentration of DHA in CSF was gen-
erally �10% of that in plasma during the study. This concen-
tration, 0.11 � 0.02 �mol/liter (mean � standard error of the
mean; n � 12), is only 10% of that required to inhibit neurite
outgrowth in vitro, 1 �mol/liter (21). We did not sample be-
yond 120 min, as concentrations of DHA in plasma after in-
travenous administration of artesunate are very low at this time
(3, 7). By contrast, the CSF concentration-time profile suggests
that DHA could persist in CSF beyond 120 min. Frequent and
prolonged dosing could, therefore, promote DHA accumula-

TABLE 1. Demographic, anthropometric, and laboratory data for
the six study patients at the time of hospital admissiona

Parameter Median (range)

Age (yr) ....................................................................... 27 (17–62)
No. of men/no. of women ......................................... 5/1
Weight (kg) ................................................................. 53 (42–60)
Oral temp (°C) ........................................................... 37.8 (37.0–38.3)
Glasgow coma score .................................................. 10 (5–15)
Venous hematocrit level (%) ................................... 36.5 (21.5–38.5)
Parasitemia (no. of parasites/�l) .............................. 2,530 (165–28,905)
Glucose concn in plasma (mmol/liter) .................... 6.0 (3.7–16.6)
Creatinine concn in serum (�mol/liter) .................. 159 (44–389)
Bilirubin concn in serum (�mol/liter) ..................... 142 (58–282)
Aspartate aminotransferase concn in ..................... 82 (48–195)

serum (U/liter)
Parasite clearance time (h) ....................................... 10 (3–20)
Fever clearance time (h) ........................................... 54 (18–84)
Coma recovery time (days; n � 5) .......................... 3 (1–7)

a Clinical and parasitologic measurements of treatment response are also
shown.

FIG. 1. DHA concentrations in paired plasma (F) and CSF (E)
samples from six individual patients with severe falciparum malaria
treated with 120 mg (312 �mol) of artesunate given as an intravenous
injection. Panel A shows data for samples taken during the acute phase
of the infection, and panel B shows data for samples taken during the
follow-up study, when the patients had recovered consciousness and
were blood slide negative for malaria.
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tion in CSF. The conventional artesunate regimen in severe
malaria is 120 mg, followed by 60 mg at 4, 24, and 48 h (1). The
long gaps between the later doses and the limited total dura-
tion of treatment should safeguard against human neurotoxic-
ity, in contrast to the more intensive dosing regimens used in
animal studies (4, 5, 11, 18). Artemether has greater neurotox-
icity than artesunate in animals (9) and a longer half-life (16).
It would be interesting to determine the pharmacokinetics of
artemether and DHA in the CSF of humans.

It is reassuring that there has been no evidence of neuropa-
thology in large-scale artemether treatment trials (12, 23), in
neurophysiologic studies of patients who received multiple
courses of artemisinin drugs (24), and in brain stem sections
from an artesunate-treated male who died of severe malaria
(6). Our preliminary data provide evidence that this reflects
the use of short-course therapy. Nevertheless, accumulation of
artemisinin compounds such as artemether and DHA in CSF
could explain the neurotoxicity found in vitro and in animal
models. Prolonged frequent dosing of long-half-life com-
pounds such as artemether might be inadvisable in severe
malaria.
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