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Abstract The purpose of the study is to explore the
efficacy of mefloquine administered orally at single,
multiple doses, or in combination with artesuante, arte-
mether, or praziquantel in mouse—Schistosoma japonicum
model. A total of 205 mice were divided into 4 batches
and each batch of mice was infected percutaneously with
40 S. japonicum cercariae for 35 days. The infected mice
were treated orally with mefloquine at single doses,
multiple daily doses, or combined with artesunate,
artemether, or praziquantel, while infected but untreated
mice served as control. All treated animals were killed
4 weeks post-treatment for assessment of effect. When
infected mice were treated orally with mefloquine at single
or multiple daily doses under the same total dose levels,
the tendency to decrease the efficacy was seen. Particu-
larly, when a lower single dose of 100 mg/kg was divided
equally into five daily doses of 20 mg/kg, the efficacy
decreased statistically significant (P<0.05), i.e., the total
worm and female worm reductions of 67.9% and 73.4%
decreased to 31.3% and 30.3%, respectively. In infected
mice treated with mefloquine or artesuante at a single dose
of 100 mg/kg, a moderate effect against schistosomes was

observed. No further significant reduction of total and
female worm burdens was seen, when the two drugs
combined together at the same dose level. On the other
hand, administration of mefloquine combined with arte-
sunate at single dose of 50 mg/kg, which exhibited no
effect against schistosomes, resulted in significant reduc-
tion of total and female worm burdens in comparison with
the groups treated with mefloquine and artesunate alone at
the same dose level. Similar results were observed in
treatment of infected mice with mefloquine in combina-
tion with artemether at the smaller dose of 50 mg/kg. The
total worm burden was significantly lower than that of
control and the female worm burden was also significant
lower than that of groups treated with mefloquine and
artemether alone. Interestingly, in administration of
mefloquine 100 mg/kg combined with artemether
100 mg/kg to the infected mice, all female worms were
killed and the total worm burden was also statistically
significant lower than that of groups treated with either
drug alone. Finally, when infected mice were treated with
mefloquine combined with prazqiuatel at single dose of
50 mg/kg, no apparent improvement in efficacy was seen.
Administration of mefloquine 100 mg/kg combined with
praziquantel 100 mg/kg, only the difference of female
worm burdens between praziquantel group and combined
treatment group was statistically significant. The results
indicate that under the same dose level of mefloquine, the
efficacy of single dose is superior to that of multiple daily
doses; mefloquine combined with artesunate or artemether
at an invalid or moderate effective dose may show
synergistic effect, especially the effect against female
worms; no prominent synergistic effect is observed, when
the similar dose level of mefloquine in combination with
praziquantel.
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Introduction

Currently, praziquantel is the only drug of choice in the
treatment of three major species of schistosomes infecting
humans (Fenwick et al. 2006; Doenhoff et al. 2009). The
important shortcoming of praziquantel is its much less
efficacy against young developing stages of schistosomula
(Yue et al. 1985; Sabah et al. 1986; Xiao et al. 1987) which
might impact on the cure rate of the patients treated with
praziquantel or reinfection of individuals after treatment with
praziquantel in areas of heavy schistosomiasis transmission
(Wu et al. 1993; Dabo et al. 2000; Danso-Appiah and de Vlas
2002; N’Goran et al. 2003). It is also worried by the public
health society that heavy reliance on a single drug for
schistosomiasis control may promote the selection and spread
of drug-resistant parasites. Apart from praziquantel, arte-
mether, and artesunate, the derivative of artemisinin have
been developed as a prophylactic agent for schistosomiasis
control through a series of experimental studies at the end of
the last century (Xiao et al. 1995; Li et al. 1996; Xiao 2005;
Utzinger et al. 2007). Although the two agents show
promising prevention from schistosome infection, they are
needed to be administered to the people, contacted infested
water, every first or every other week during the whole
transmission season of schistosomiasis which is inconvenient
for the practical application and hinders their use in the
endemic areas of schistosomiasis. Experimental studies
indicate that artemether and artesunate exhibit potential effect
against various stages of juvenile schistosomes and adult
worms are less susceptible (Li et al. 1996; Xiao et al. 2000;
Utzinger et al. 2007). Therefore, it is necessary to develop
new type of antischistosomal drug. possessing effect on both
juvenile and adult schistosomes.

In 2009, antimalarial drug mefloquine, an amino alcohol
compound, has been found to be effective against Schistosoma
mansoni and S. japonicum (Keiser et al. 2009; Xiao et al.
2009a, b, c). The feature of antischistosomal properties of
mefloquine is that the compound possesses similar potential
effect against juvenile stages and adult schistosomes, when
the drug is administered to the infected mice at a single dose
of 200 or 400 mg/kg (Keiser et al. 2009; Xiao et al. 2009a).
While a lower dose of mefloquine (150 mg/kg) may only
reduce the egg production in S, manoni-infected mice
significantly (Van Nassauw et al. 2008). Further morpholog-
ical, histopathological, and ultrastructural observation indicate
that mefloquine exhibits strong and fast lethal action on both
juvenile and adult S. japonicum which reveals in extensive
and severe damage to the worm tegument, musculature,
parenchymal tissues, digestive system, and reproductive
system (Xiao et al. 2009b, 2010a, b; Zhang et al. 2009).

Mefloquine has been widely used in treatment and
prevention of malaria and it is effective under the oral
administration of doses in the range of 0.5–1.5 g as a single

dose. Meanwhile, the side effects of mefloquine are dose-
related. At the doses below 1 g, they are mild to moderate,
overdoses of mefloquine may cause severe side effects
including neuropsychiatric toxicity (UNDP/World Bank/
WHO Update 1983; Alkadi 2007; Tooveys 2009). Exper-
imental study indicates that the ED50 and ED90 of
mefloquine against the Plasmodium berghei N strain in
mice are 1.5 and 3.8 mg/kg (Peters et al. 1977),
respectively, which is much lower than the mefloquine
dose of 200–400 mg/kg used to eliminate 90–100% of
female schistosomes in infected mice. Meanwhile, in
healthy volunteers, a single mefloquine dose of 1 g
produces a maximum concentration of about 1 μg/ml
(Desjardins et al. 1979; Schwartz et al. 1982) which is 9-
fold lower than the minimal effective concentration against
schistosomes in vitro (Xiao et al. 2009c). According to
these data, one may suggest that administration of the
regular dose of mefloquine used in treatment of malaria to
the patients with schistosomiasis may results in poor
efficacy. In recent year, artemisinin-based combination
therapy has been recommended by WHO in order to retard
the development of resistance and synergism, and meflo-
quine combined with artesuante has been used extensively
in treatment of malaria. Since mefloquine, artesunate and
aretmether display broad-spectrum antischistosomal activi-
ties and act against various stages including adult schisto-
somes, it is interesting to observe the efficacy of
mefloquine combined with artesunate in treatment of
patients co-infected with malaria and schistosomiasis.
Recently, a report indicated that in endemic area, where
malaria and schistosomiasis co-exist, a single dose of
mefloquine 25 mg/kg administered to the schoolchildren
infected with Schistosoma haematoboum exhibited a cure
rate of 21%, but significantly lower egg reduction of 74%
was seen. Nevertheless, in the schoolchildren co-infected
with S. mansoni, poor effect assessed by cure rate and egg
reduction rate was observed. But when aforementioned
patients were treated with mefloquine in combination with
artesunate resulted in higher cure rate and egg reduction
rate (Keiser et al. 2010). In this paper we report the efficacy
of mefloquine administered orally at single, multiple doses
or in combination with artesuante, artemether, or prazi-
quantel in mouse model infected with S. japonicum.

Materials and methods

Parasites, mice, and experimental infection

S. japonicum cercariae (Anhui isolate) freshly shed from
infected intermediate host snail Oncomelania hupensis
were provided by the Department of Vector Biology of
our institute.
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Two hundred and five female Kunming strain mice,
weighing 20–22 g, were purchased from Shanghai Experi-
mental Animal Center, Chinese Academy of Sciences (Shang-
hai, China). Animals were kept at animal facilities and had free
access to rodent food and tap water throughout the study. After
1 week acclimatization, each mouse was infected with 40 S.
japonicum cercariae via shaved abdominal skin. Mice were
used for experimental treatment 35 days post-infection.

Drugs

Mefloquine hydrochloride was provided by Libang Phar-
maceutical Co. Ltd (Xian, China); praziquantel was
purchased from Shanghai Sixth Pharmaceutical Factory;
artemether was the gift of Yunnan Kunming Pharmaceutical
Corporation (Kunming, China) and artesunate was obtained
from Guangxi Guilin Pharmaceutical Corporation (Guilin,
China). The aforementioned drugs were suspended in 7%
Tween-80 and 3% alcohol at final concentrations of 2, 5,
10, or 20 g/l. The volume of each dose given to mice was
10 mL/kg.

Experimental treatment

Single and multiple administration

Forty-two infected mice were divided into six groups. Three
groups of five to seven mice were treated orally with
mefloquine 200 mg/kg by the following dose schedule, i.e.,
the drug was given at a single dose of 200 mg/kg, 100 mg/kg
daily for two consecutive days or 50 mg/kg daily for four
consecutive days. Other two groups of seven mice were either
treated orally with mefloquine at a single dose of 100 mg/kg
or a daily dose of 20 mg/kg for five consecutive days. The
remaining group of ten infected but untreated mice served as
control.

Mefloquine combined with artesunate

Two tests were undertaken. In the first test, 41 infected
mice were divided into seven groups. Four groups of five to
seven mice were treated orally with mefloquine or
artesuante at a single dose of 50 mg/kg or 100 mg/kg,
respectively, other two groups received mefloquine
50 mg/kg in combination with artesunate 50 mg/kg or
mefloquine 100 mg/kg combined with artesunate
100 mg/kg. The remaining group of ten untreated but
infected mice served as control. In the second test, 51
infected mice were divided into four groups. Three groups
of ten to 11 mice were administered orally with mefloquine
and artesunate at a single dose of 50 mg/kg, or mefloquine
50 mg/kg combined with artesunate 50 mg/kg. The
remaining 20 infected but untreated mice served as control.

Mefloquine combined with artemether

Two tests were continued. In the first test 27 infected mice
were divided into four groups. Three groups of five to six
mice received oral single mefloquine 50 mg/kg, artemether
50 mg/kg, or mefloquine 50 mg/kg in combination with
artemether 50 mg/kg. The remaining ten untreated but
infected mice served as control. In the second test, 30
infected mice were equally divided into six groups. Three
groups were treated orally with single mefloquine
100 mg/kg, artemether 50 or 100 mg/kg. Two groups were
treated with mefloquine combined with artemether accord-
ing to the following dose schedules, i.e., mefloquine
100 mg/kg plus artemether 50 mg/kg and mefloquine
100 mg/kg plus artemether 100 mg/kg. The remaining five
infected but untreated mice served as control.

Mefloquine combined with praziquantel

Two tests were carried out. In the first test, 26 infected mice
were divided into four groups. Three groups of five to six
mice were treated with single oral mefloquine 50 mg/kg,
praziquantel 50 mg/kg or mefloquine 50 mg/kg in combi-
nation with praziquantel 50 mg/kg. The remaining ten
infected but untreated mice served as control. In the second
test, 30 infected mice were divided equally into six groups.
Five groups were administered orally with mefloquine at a
single dose of 50 and 100 mg/kg, praziquantel 100 mg/kg,
mefloquine 50 mg/kg plus praziquantel 100 mg/kg or
meflloquine 100 mg/kg plus praziquantel 100 mg/kg. The
remaining five untreated but infected mice served as
control.

Dissection and collection of schistosomes

All treated and control groups of mice were sacrificed
4 weeks post-treatment by bloodletting and schistosomes
were collected from hepatic and portomesenteric veins
using a perfusion technique (Yolles et al. 1947).
Schistosomes recovered from each mouse were sexed
and counted.

Statistical analysis

Statistical Package for the Social Sciences (version 13.0)
software was applied to calculate the total and female worm
burdens for each treated and control group, while total and
female worm reductions for each treated group were then
calculated in comparison with the corresponding control.
The difference of total worm burden or female worm
burden between each treated group and the corresponding
control group was analyzed by using nonparametric method
(Mann–Whitney test).
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Results

Effect of single and multiple administration of mefloquine

When mice infected with adult schistosome were treated
orally with mefloquine at a single dose of 200 mg/kg,
the total and female worm burdens were significantly
lower than that of control (P<0.01) with total and female
worm reductions of 80.7% and 92.7%, respectively
(Table 1). Under the same total dose of 200 mg/kg,
administration of mefloquine at a daily dose of 100 mg/kg
for two consecutive days or 50 mg/kg for four consecutive
days, the total and female worm burdens were also
significantly lower than that of control (P<0.01). Al-
though the total worm burdens of these two groups were
higher than that of the group received mefloquine at a
single dose of 200 mg/kg, the difference of the total worm
burdens between each multiple administration group and
single administration group was not statistically signifi-
cant (P>0.05). However, in the group received meflo-
quine 50 mg/kg daily for 4 days the female worm burden
was significantly higher than that of group treated with
single mefloquine 200 mg/kg (P<0.05). In two groups
treated orally with mefloquine at a single dose of
100 mg/kg or a daily dose of 20 mg/kg for five
consecutive days, the total worm burdens of them were
significantly lower than that of control group (P<0.01 or
P<0.05; Table 1) with total worm reductions of 67.9%
and 31.3%, respectively. The difference of female worm
burdens between the group treated with mefloquine
100 mg/kg group and control group was also statistically
significant (P<0.01). But no such difference was seen when
the female worm burden, revealed in the group treated with
mefloquine 20 mg/kg daily for five consecutive days, was
compared to the control (P>0.05). Interestingly, in compar-
ison of total and female worm burdens, the differences
between the two groups treated with mefloquine at a single
dose (100 mg/kg) and five daily doses (20 mg/kg) were
statistically significant (P<0.01 or P<0.05).

Mefloquine combined with artesunate

In infected mice treated orally with mefloquine or artesu-
nate at a single dose of 50 mg/kg, the total worm burdens
and female worm burdens were somewhat lower than that
of control, but the differences between the group treated
with each drug and control group were not statistically
significant (P>0.05) with worm burden and female worm
burden reductions of 20.5% and 13.8% as well as 11.6%
and 6.4%, respectively (Table 2). When the dose of
mefloquine and artesunate was increased to 100 mg/kg,
their total worm burdens and female worm burdens were
significantly lower than that of control (P<0.05 or P<0.01)
with total worm reductions and female worm reductions of
67.9% and 73.4% as well as 59.8% and 74.3%, respectively
(Table 2). In the group treated with mefloquine 50 mg/kg
combined with artesunate 50 mg/kg, the total worm burden
was lower than that of control group or two groups treated
with the same dose of mefloquine and artesunate alone, but
the difference between the combined treatment group and
the control group or each group treated with mefloquine or
artesunate alone was not statistically significant (P>0.05).
On the other hand, the female worm burden revealed in the
combined treatment group was significantly lower than that
of control group and the group treated with mefloquine or
artesunate alone (P<0.05). In the group treated with
mefloquine 100 mg/kg in combination with artesunate
100 mg/kg, the total worm burden and female worm
burden were significantly lower than that of control group
(P<0.01; Table 2) with total and female worm reductions
of 76.7% and 87.2%, respectively. In comparison of total
worm burden and female worm burden obtained from this
combined treatment group and the corresponding groups
treated with mefloquine or artesunate alone at a single dose
of 100 mg/kg, no differences were seen between the
combined treatment group and the group treated with
mefloquine or artesunate alone (P>0.05).

In a further test, infected mice treated orally with
mefloquine or artesuante at a single dose of 50 mg/kg

Table 1 Effect of mefloquine administered orally at a single or multiple dose to mice infected with adult Schistosoma japonicum

Group No. of mice Total worm
burden±SD

Total worm
reduction (%)

Female worm
burden±SD

Female worm
reduction (%)

Control 10 24.9±3.1 – 10.9±1.3 –

MF 200 mg/kg×1 6 4.8±3.5* 80.7 0.8±1.2* 92.7

MF 100 mg/kg×2 5 7.0±3.7* 71.9 1.8±1.5* 83.5

MF 50 mg/kg×4 7 7.4±4.4* 70.3 2.4±1.5* 78.0

MF 100 mg/kg×1 7 8.2±4.9* 67.9 2.9±1.6* 73.4

MF 20 mg/kg×5 7 17.1±6.3** 31.3 7.6±2.4*** 30.3

*P<0.01 vs control (Mann–Whitney test); **P<0.05 vs control (Mann–Whitney test); ***P>0.05 vs control (Mann–Whitney test)
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resulted in similar total worm burdens and female worm
burdens compared to the control group (P>0.05; Table 2),
While in the group treated with mefloquine 50 mg/kg in
combination with artesuante 50 mg/kg, the total worm
burden and female worm burden were not only significantly
lower than that of control (P<0.01) with total and female
worm reductionss of 43.2% and 65.5% (Table 2), respec-
tively, but also shown significant differences between
combined treatment group and each group treated with
mefloquine and artesuante alone either in total worm
burdens or in female worm burdens (P<0.01).

Mefloquine combined with artemether

When mefloquine or artemether was administered orally to the
infected mice at a single dose of 50 mg/kg. Their total worm
burdens were similar to that of control (P>0.05; Table 3),
while significant difference of female worm burdens was only

seen between artemether-treated group and control group (P<
0.05). In the group treated with mefloquine 50 mg/kg in
combination with artemether 50 mg/kg, the total and female
worm burdens were significantly lower than that of control
(P<0.01) with total worm and female worm reductions of
53.5% and 86.7% (Table 3), respectively. Meanwhile, in
combined treatment group, the total worm burden was lower
than that obtained from the groups treated with mefloquine or
artemether alone, but the difference between combined
treatment group and each mefloquine or artemether-treated
group was not statistically significant (P>0.05). Nevertheless,
the female worm burden revealed in combined treatment
group was significant lower than that of each group treated
with mefloquine or artemether alone (P<0.05 or P<0.01).

Further test showed that in infected mice treated orally
with artemether at a single dose of 50 mg/kg, the total
worm burden and female worm burden were lower than
that of control, but the differences between treated group

Table 2 Effect of mefloquine combined with artesunate in oral treatment of mice infected with Schistosoma japonicum

Group No. of
mice

Total worm
burden±SD

Total worm
reduction (%)

Female worm
burden±SD

Female worm
reduction (%)

Control 10 24.9 (3.1) – 10.9 (1.3) –

MF 50 mg/kg 5 19.8 (5.8)*** 20.5 9.4 (2.9)*** 13.8

MF 100 mg/kg 7 8.2 (4.9)* 67.9 2.9 (1.6)* 73.4

AS 50 mg/kg 5 22.0 (5.7)*** 11.6 10.2 (3.7)*** 6.4

AS 100 mg/kg 5 10.0 (3.9)** 59.8 2.8 (1.9)* 59.8

MF 50 mg/kg+AS 50 mg/kg 4 14.3 (6.9)*** 42.6 4.8 (3.3)** 56.0

MF100 mg/kg+AS 100 mg/kg 5 5.8 (3.6)* 76.7 1.4 (1.7)* 87.2

Control 20 21.3 (4.2) – 8.7 (3.1) –

MF 50 mg/kg 10 19.8 (6.2)*** 7.0 7.8 (2.8)*** 10.3

AS 50 mg/kg 11 20.0 (4.5)*** 6.1 7.9 (3.2)*** 9.0

MF 50 mg/kg+AS 50 mg/kg 10 12.1 (4.4)* 43.2 3.0 (2.5)* 65.5

*P<0.01 vs control (Mann–Whitney test); **P<0.05 vs control (Mann–Whitney test); ***P>0.05 vs control (Mann–Whitney test)

Table 3 Effect of mefloquine combined with artemether in treatment of mice infected with Schistosoma japonicum

Group No. of
mice

Total worm
burden±SD

Total worm
reduction (%)

Female worm
burden±SD

Female worm
reduction (%)

Control 10 18.5±3.0 – 7.5±2.6 –

Mef 50 mg/kg 5 13.8±4.1*** 26.2 6.2±2.3*** 17.3

Art 50 mg/kg 6 12.3±5.4*** 34.2 4.0±2.4** 46.7

Mef 50 mg/kg+Art 50 mg/kg 6 8.7±6.1* 53.5 1.0±1.3* 86.7

Control 5 18.0±5.1 − 7.2±3.5 −
MF 100 mg/kg 5 9.2±3.9** 48.9 1.6±1.9** 77.8

Art 50 mg/kg 5 13.4±5.4*** 25.6 3.6±2.1*** 50.0

Art 100 mg/kg 5 8.0±34.1** 55.6 2.2±2.6** 69.4

MF100 mg/kg+Art 50 mg/kg 5 5.8±5.2** 67.8 0* 100

MF 100 mg/kg+Art 100 mg/kg 5 2.2±2.7* 87.8 0* 100

*P<0.01 vs control (Mann–Whitney test); **P<0.05 vs control (Mann–Whitney test); ***P>0.05 vs control (Mann–Whitney test)
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and control group was not statistically significant (P>0.05;
Table 3). When atemether or mefloquine was administered
to the infected mice at a single dose of 100 mg/kg, their
total worm burdens and female worm burdens were
significantly lower than that of the control (P<0.05) with
total and female worm reductions of 48.9% and 77.8%
(mefloquine) as well as 55.6% and 69.4% (artemether).
After administration of mefloquine 100 mg/kg combined
with artemether 50 mg/kg, the total worm burden was
significantly lower than that of control group (P<0.05),
while the differences of total worm burdens between the
combined treatment group and each group treated with
mefloquine 100 mg/kg or artemether 50 mg/kg alone were
not statistically significant (P>0.05). But in combined
treatment group, all female worms were eliminated which
was superior to that of control group and two groups treated
with mefloquine or artemether alone. (P<0.05 or 0.01).
Similar results were seen when the infected mice were
treated with mefloquine 100 mg/kg in combination with
artemether 100 mg/kg, but its total worm burden was also
significantly lower than that of two groups treated with
mefloquine or artemether alone (P<0.05).

Mefloquine combined with praziquantel

In infected mice treated orally with mefloquine or praziquan-
tel at a single dose of 50 mg/kg, the total worm burdens and
female worm burdens of them were lower than that of control
group, but only the differences between praziquantel-treated
group and control group was statistically significant (P<0.01)
In the group treated with mefloquine 50 mg/kg combined
with praziquantel 50 mg/kg, the total worm burden was the
same as praziquanel 50 mg/kg group, but the difference of
total worm burdens between combined treatment group and
control group was not statistically significant (P>0.05).

While the female worm burden of combined treatment group
was significantly lower than that of control group and
mefloquine 50 mg/kg group (P<0.05; Table 4). No
difference of female worm burdens between combined
treatment group and the group treated with praziquantel
alone was seen (P>0.05).

In a further test, groups of infected mice treated orally
with mefloquine at a single dose of 50, 100 mg/kg, or
praziquantel 100 mg/kg, their total and female worm
burdens were lower than that of control group, but only
the difference of total worm burdens and female worm
burdens between the group treated with mefloquine
100 mg/kg and control group were statistically significant
(P<0.05). When infected mice were treated orally with
mefloquine 50 mg/kg in combination with praziquantel
100 mg/kg, the total worm burden and female worm burden
were significantly lower than that of control group (P<
0.05, P<0.01; Table 4). Meanwhile, only the difference of
female worm burdens between combined treatment group
and the group treated with mefloquine 50 mg/kg alone was
statistically significant (P<0.05). In administration of
mefloquijne 100 mg/kg combined with praziquantel
100 mg/kg to the infected mice, the total worm burden
and female worm burden were significantly lower than that
of control (P<0.01; Table 4). In comparison with the two
groups treated with the same dose of mefloquine and
praziquantel alone, only the difference of female worm
burdens between praziquantel group and combined treat-
ment group was statistically significant (P<0.05).

Discussion

In previous papers (Keiser et al. 2009; Xiao et al. 2009a, b, c,
2010a, b; Zhang et al. 2009), we reported the feature of

Table 4 Effect of mefloquine combined with praziquantel in treatment of mice infected with Schistosoma japonicum

Group No. of
mice

Total worm
burden±SD

Total worm
reduction (%)

Female worm
burden±SD

Female worm
reduction (%)

Control 10 18.5±3.0 – 7.5±2.6 –

Mef 50 mg/kg 5 13.8±4.1*** 26.2 6.2±2.3*** 17.3

Pra 50 mg/kg 5 12.2±2.9* 34.8 3.8±1.5* 49.3

Mef 50 mg/kg+Pra 50 mg/kg 6 12.2±5.0*** 34.8 2.5±1.2* 66.7

Control 5 18.0±5.1 − 7.2±3.5 −
MF 50 mg/kg 5 13.3±1.2*** 26.1 4.7±1.5*** 34.7

MF 100 mg/kg 5 9.2±3.9** 48.9 1.6±1.9** 77.8

Pra 100 mg/kg 5 12.8±7.5*** 28.9 5.6±3.9*** 22.2

MF 50 mg.kg+Pra 100 mg/kg 5 9.4±4.8** 47.8 2.0±0.7* 72.2

MF 100 mg/kg+Pra 100 mg/kg 5 4.8±3.7* 73.3 1.0±1.0* 86.1

*P<0.01 vs control (Mann–Whitney test); **P<0.05 vs control (Mann–Whitney test); ***P>0.05 vs control (Mann–Whitney test)
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antischistosomal properties of mefloquine, including the
susceptibility of various stages of schsotosomes to the drug,
relationship between the dose and efficacy, the impact of
infection intensity on the efficacy, histopathological and
ultrastructural alterations of schistosomes induced by the
drug. But the influence of mefloquine, administered at single
or multiple doses under the same total dose, on the efficacy
is still not known which might be beneficial in optimization
of treatment schedule. Our results indicate that under the
same total dose of mefloquine, multiple daily doses show the
tendency to reduce the efficacy of the drug against
schistosomes. In particular, when a lower single dose of
100 mg/kg is divided equally into five daily doses, the
efficacy of mefloquine against schistosomes declines signif-
icantly. Since in vitro a higher minimal effective concentra-
tion of mefloquine (10 μg/ml) is necessary to kill the
schistosomes (Xiao et al. 2009c), it is suggested that
sufficient higher drug concentration in the blood is rather
important in killing the worms, i.e., administration of a small
daily dose of mefloquine to the infected mice, the blood
concentration could not reach the level sufficient to kill the
worms, although the half-life of mefloquine is longer, i.e.,
17 h, in mice (Rozman et al. 1978).

When infected mice are treated with mefloquine or
artesuante at a single dose of 100 mg/kg, a moderate efficacy
is observed. But the two drugs administered together do not
show significant reduction of total and female worm burdens
in comparison with the two drugs used alone at the same dose
level. On the other hand, administration of mefloquine
combined with artesunate at a single dose of 50 mg/kg, which
exhibits no effect against schistosomes, results in significant
reduction of female worm burden. But the reduction of total
worm burden is not significant, because of small number of
mouse used in each group. Therefore, we repeat the test and
increase the number of mouse in each group. The results
indicate that administration of mefloquine in combination with
artesunate at an invalid dose level reveal synergistic effect
against schistosomes. This may explain the promising efficacy
in clinical treatment of the patients with schistosomiasis using
the regimen of mefloquine combined with artesuante against
malaria (Keiser et al. 2010) and which encourages us to do
more clinical observation.

Similar results are also observed when infected mice are
treated with mefloquine in combination with artemether at a
single invalid dose or a lower effective dose, i.e., 50 mg/kg.
The characteristic of such combined treatment is also
killing more female worms which is beneficial for treatment
of schistosomiasi, because the eggs laying by female
schistosomes are the pathogen of the disease (Warren
1982). Interestingly, in infected mice treated with meflo-
quine 50 or 100 mg/kg in combination with artemether
100 mg/kg results in elimination of all female worms,
especially in the group treated together with the two drugs

at a dose of 100 mg/kg, the total worm burden is also
significantly lower than that of group treated with each drug
alone, demonstrating that when a higher dose of mefloquine
and artemether is applied, the synergistic effect may further
elevated. The results also suggested that in treatment of
schistosomiasis mefloquine combined artemetehr can be
considered in the future study.

Since mefloquine and prazqiantel are different type of
antischistosomal drugs, it is suggested that combined
treatment of the two drugs may increase the efficacy.
Actually, no apparent improvement in efficacy is seen, when
infected mice are treated with mefloquine at an ineffective
dose of 50 mg/kg combined with the same dose of
praziquantel. When the dose of mefloquine and praziquantel
used in combined treatment is increased to 100 mg/kg, the
efficacy is significantly superior to that of control. While in
comparison with mefloquine administered alone, no signif-
icant difference is seen, although the female worm burden in
combined treatment group is significantly lower than that of
the group treated with praziquantle alone. Our experimental
studies indicate that when smaller dose of mefloquine
administered simultaneously with smaller dose of artesunate
or artemether, synergistic effect is seen. It is deserved to
proceed further observation on mefloquine combined with
artesuante or artemether in treatment of schistosomiasis in
endemic areas where malaria and schistosomiasis co-exist.
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