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SHORT COMMUNICATION

Dihydroartemisinin-praziquantel combinations and
multiple doses of dihydroartemisinin in the treatment of
Schistosoma japonicum in experimentally infected mice

Currently, praziquantel is virtually the only
drug used for the treatment of human
schistosomiases (WHO, 2002). Although
there is little direct evidence of the existence
of praziquantel resistance in field isolates of
schistosomes, decreased sensitivity to the drug
has been reported in some Schistosoma spe-
cies from several endemic areas (Tchuem-
Tchuenté er al., 2001; Alonso et al., 2006;
Melman er al., 2009). The screening and
development of novel antischistosomal drugs,
as alternatives to praziquantel, therefore need
to be given high priority. One derivative of
artemisinin, dihydroartemisinin, shows activ-
ity against many parasites and, when adminis-
tered orally to mammals, is rapidly absorbed,
widely distributed and promptly excreted and
metabolised (Tu, 2009). Single oral doses of
dihydroartemisinin have recently been found
effective against the 7-day-old schistosomula
and 35-day-old adult worms of Schistosoma
japonicum (Li et al., 2011). The aim of the
present study was to explore the effects of
multiple doses of dihydroartemisinin and of
combined treatments with dihydroartemisinin
and praziquantel against S. japonicum in
experimentally infected mice, mainly to see if
such treatments led to increased efficacy.

ANIMALS AND METHODS

Dihydroartemisinin  (kindly provided by
Chongqing Holley Wuling Mountain Phar-
maceutical Company, Zhongduo, China;
batch no. 2006090131; purity=99.4%) was
ground in a ball miller, with dimethyl sulph-
oxide, Tween-80 and distilled water to give
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aqueous solutions containing 8, 12, 16 or 24 g
dihydroartemisinin/litre (Ii et al, 2011).
Praziquantel (Sigma-Aldrich, Shanghai, China;
batch no. CH09125) was dispersed in water
containing 2.5% (w/v) cremophor EL
(Sigma—Aldrich). Both drugs were adminis-
tered by oral gavage.

Mice of the Kunming strain, each weigh-
ing 20-24 g, were purchased from Yangzhou
University (Yangzhou, China), and given
free access to food and water. They were
each infected percutaneously with 39-41 S.
Japonicum cercariae (from naturally infected
Oncomelania hupensis snails, collected in
Anhui province, China) and then randomly
assigned to groups, of 10—12 mice each.

In the first experiment, designed to
investigate the effect of multiple doses of
dihydroartemisinin on the schistosomula
and adult worms of S. japonicum, mice were
given three daily doses, of 200, 300, 400 or
600 mg dihydroartemisinin/kg (in dose
volumes of 25 ml/kg), on days 6-8 or 34—
36 post-infection, respectively. An addi-
tional group of mice, infected but not given
the drug, served as a control.

In the second experiment, designed to
assess the effect of combination therapy with
dihydroartemisinin and praziquantel against
the schistosomula and adult worms of S.
Japonicum, infected mice were divided into six
groups (Groups 1-6). Mice in two of the
groups were each given a single treatment dose,
either of dihydroartemisinin (at 300 mg/kg;
Group 1) or praziquantel (at 300 mg/kg;
Group 2), on day 7 or day 35 post-infection.
Mice in Group 3 were each given both drugs
(300 mg dihydroartemisinin/kg and 300 mg
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praziquantel/’kg) on day 7 or day 35 post-
infection. The animals in Group 4 were each
treated with a single dose of praziquantel (at
300 mg/kg) on day 6 or day 34 post-
infection, followed by a single dose of
dihydroartemisinin (at 300 mg/kg) 1 day
later. Mice in Group 5 were each given a
single dose of dihydroartemisinin (300 mg/
kg) on day 7 or day 35 post-infection,
followed by a dose of praziquantel (300 mg/
kg) 1 day later. Finally, mice in Group 6
were left untreated, and hence served as a
control.

All mice were killed 50 days post-infec-
tion so that any adult S. japonicum worms in
their hepatic and portomesenteric veins
could be recovered, sexed and counted.
The reductions in the numbers of worms
and female worms recovered that were
attributable to drug treatment were then
calculated, as percentages, by comparison
with the numbers of worms recovered from
the untreated control mice. Using version
13.0 of the SPSS software package (SPSS
Inc, Chicago, IL), the statistical significance
of each reduction was estimated in Fisher’s
least-significant-difference tests, with a P-
value <0.05 considered indicative of a
statistically significant difference.

RESULTS

In the first experiment (see Table 1), single
oral doses of dihydroartemisinin (at 200,
300, 400 or 600 mg/kg), given once on each
of days 6-8 post-infection, reduced total-
worm burdens by 69.2%-90.6% and
female-worm burdens by 62.2%-92.2%,
depending on dosage. Similar treatments
given on days 34-36 post-infection reduced
total-worm burdens by 73.9%-85.5% and
female-worm burdens by 83.8%-95.3%.
Table 2 summarizes the antischistosomal
efficacies of dihydroartemisinin combined
with praziquantel against S. japonicum
schistosomula and adult worms, as observed
in the second experiment. Total-worm
burdens were reduced by 19.7% and

Reduction
compared with
control
(%)

83.8
92.9
94.1"
95.3"

Mean (s.D.) no.

of adult female

worms collected
1.71 (1.11)
0.75 (0.88)
0.62 (0.74)
0.50 (0.70)
10.58 (3.78)

Reduction
control
(%)
73.9
75.0
84.2
85.5

Treatment of adult worms (on days 34-36 post-infection)
compared with

Mean (s.D.)
no. of adult
worms collected
7.43 (3.10)
7.13 (4.58)
4.50 (3.42)
4.12 (2.59)
28.47 (5.53)

Reduction
compared
with control
(%)
62.2
75.6
87.1
90.2

of adult female

worms collected
4.00 (1.41)
2.58 (1.16)
1.73 (0.75)
0.83 (0.75)
10.58 (3.78)

Mean (S.D.) no.

compared
with control
(%)
69.2
80.7
87.17
90.6"

Treatment of schistosomula (on days 6-8 post-infection)
Reduction

no. of adult
worms collected
8.78 (2.86)
5.50 (2.47)
3.67 (1.51)
2.67 (1.97)
28.47 (5.53)

Effects of three daily doses of dihydroartemisinin (at doses of 200, 300, 400 or 600 mglkg.day), administered on days 6-8 or 34—36 post-infection, on the subse-
Mean (s.D.)

quent recovery, on day 50, of adult Schistosoma japonicum
Significantly greater than value recorded with treatment at 200 mg/kg.day.

Daily dose
(mg/kg)

200
300
400
600
None (control)

*,

TABLE 1.
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70.2% when both dihydroartemisinin and
praziquantel were administered on day 7 or
day 35 post-infection, respectively. The
reduction in total-worm burden seen when
the dihydroartemisinin—praziquantel com-
bination was given on day 7 was signifi-
cantly less than when only dihydro-
artemisinin was administered on day 7
(P<0.01). The administration of dihy-
droartemisinin on day 35 post-infection,
combined with praziquantel treatment on
day 34 or day 36, reduced total-worm
burdens by 60.8% and 81.5%, respectively.
The apparent efficacy of day-35 dihydroar-
temisinin plus day-36 praziquantel was
significantly better than the efficacies
recorded when day-35 dihydroartemisinin
was given alone or with day-34 praziquantel
(P<0.05 for each).

DISCUSSION

Lier al. (2011) already showed that a single
oral dose of dihydroartemisinin (at 300 mg/
kg) has activity against S. japonicum, being
particularly effective against the 7-day-old
schistosomula and 35-day-old adult worms
(with total-worm burdens reduced by
64.8% and 60.5%, respectively, but no
marked dose-response relationship seen
when the dosage was varied). The present
study — an extension of the investigation by
Li er al. (2011) and using the same experi-
mental model — was designed to investigate
the effects, on S. japonicum in mice, of
multiple doses of dihydroartemisinin or a
combination of single-dose dihydroartemi-
sinin with a single dose of the current
treatment of choice (i.e. praziquantel), to

TABLE 2. Effects of combined treatment with dilydroartemisinin (at 300 mglkg) and praziquantel (ar 300 mglkg)
against the schistosomula and adult worms of Schistosoma japonicum

Reduction
compared
with control

Mean (s.D.) no. of

adult worms collected

Treatment on day 50 (%)
TARGETED AT SCHISTOSOMULA
Day-7 dihydroartemisinin only 11.56 (4.00) 60.3
Day-7 praziquantel only 29.00 (4.14) 0.0
Day-7 dihydroartemisinin plus 19.7"
day-7 praziquantel 23.38 (3.62)
Day-6 praziquantel plus day-7 43.0
dihydroartemisinin 16.60 (3.10)
Day-7 dihydroartemisinin plus 57.5
day-8 praziquantel 12.38 (2.45)
None (control) 29.10 (4.70) -
TARGETED AT ADULT WORMS
Day-35 dihydroartemisinin only 10.44 (3.50) 64.17
Day-35 praziquantel only 6.67 (3.20) 77.1
Day-35 dihydroartemisinin plus 70.2
day-35 praziquantel 8.67 (4.12)
Day-34 praziquantel plus day-35 60.8"
dihydroartemisinin 11.40 (4.06)
Day-35 dihydroartemisinin plus 81.5
day-36 praziquantel 5.38 (3.38)
None (control) 29.10 (4.70) -

*Signiﬁcantly lower than value recorded with day-7 dihydroartemisinin only (7<0.01).
"Significantly lower than value recorded with day-35 dihydroartemisinin plus day-36 praziquantel (P<0.05).
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see if better schistosomicidal efficacy could
be achieved. Three daily doses of dihydroar-
temisinin (each at 200, 300, 400 or 600 mg/
kg) administered on days 6—8 post-infection
reduced total-worm burdens by 69.2%-
90.6%, whereas the same treatment regimen
given on days 34-36 post-infection resulted
in total-worm-burden reductions of 73.9%—
85.5%. There was more evidence of a dose—
response relationship in these multiple-dose
treatments (see Table 2) than in the single-
dose regimens explored by Li ez al. (2011).

Dihydroartemisinin is the main metabo-
lite of artemisinin and of two artemisinin
derivatives, artemether and artesunate (Tu,
2009). The administration of artemether
to mice, rabbits and dogs experimentally
infected with S. japonicum resulted in
different preventive effects, with no clear-
cut dose-response relationships observed in
the mice (Utzinger et al., 2001; Xiao ez al.,
2002). Whether dihydroartemisinin has
similar efficacies against S. japonicum in
hosts other than mice, and whether there
might be any clear dose—response relation-
ships with the drug at different dosages to
those explored in the present study, are
topics that merit further investigation.

The different developmental stages of S.
japonicum are known to have different
sensitivities to artesunate (Ru er al., 2006).
The addition of praziquantel did not appear
to enhance the efficacies of artemether
against the various developmental stages of
S. japonicum (You et al., 1994), and the co-
administration of artesunate and praziquan-
tel (or the administration of praziquantel,
followed by artesunate) significantly
reduced the activities of the artesunate
against S. japonicum schistosomula (Wu
et al., 1998). In the latter investigation,
however, the administration of artesunate
first, followed by praziquantel, resulted in
similar antischistosomal activities to those
observed with artesunate alone. In the
present study, similarly, treatment during
the schistosomulum stage with co-adminis-
tered dihydroartemisinin and praziquantel,
or the administration of praziquantel,

followed, a day later, by treatment with
dihydroartemisinin, appeared less effective
than day-7 treatment with dihydroartemisi-
nin alone, whereas day-7 treatment with
dihydroartemisinin followed by day-8 treat-
ment with praziquantel gave a similar result
to that seen with dihydroartemisinin alone.
When the treatments were targeted at adult
S. japonicum (and given on days 34, 35 and/
or 36 post-infection), day-35 dihydroarte-
misinin followed by day-36 praziquantel
appeared more effective than day-35 dihy-
droartemisinin given alone, or day-34 pra-
ziquantel followed by day-35 dihydroarte-
misinin. None of the combined treatments
showed greater efficacy than that seen with
praziquantel alone.

In conclusion, the in-vivo treatment of S.
Japonicum at the schistosomulum stage with
a combination of praziquantel and either
artesunate (Wu ez al., 1998) or dihydroarte-
misinin (present study) appears no more
effective (and may be significantly less
effective) than treatment with the artemisi-
nin derivative alone. Further studies to
investigate the detailed mechanisms of the
antischistosomal action of all of these drugs
seem justified.
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