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ABSTRACT

Objective: To explore larvicidal effects of anthelmintic drugs on Opisthorchis viverrini
(O. viverrini) for alternative approach to interrupting its cycle for developing a field-based
control program.
Methods: The larvicidal activities of albendazole (Al), artesunate (Ar), praziquantel
(Pzq) and miltefosine (Mf) on O. viverrini cercariae and mature metacercariae were
investigated. Lethal concentrations (LC50 and LC95) of these drugs were determined.
Mature metacercariae previously exposed to various concentrations of the drugs were
administered to hamsters. Worms were harvested 30 d post infection and worm recovery
rates calculated. Al, Ar, Pzq and Mf produced morphological degeneration and induced
shedding tails of cercariae after 24 h exposure.
Results: The LC50 and LC95 of Al, Ar, Pzq and Mf on cercariae were 0.720 and 1.139,
0.350 and 0.861, 0.017 and 0.693, and 0.530 and 1.134 ppm, respectively. LC50 and LC95

of Ar on mature metacercariae were 303.643 and 446.237 ppm and of Mf were 289.711
and 631.781 ppm, respectively but no lethal effect in Pzq- and Al-treated groups (up to
1 ppt). No worms were found in hamsters administered Pzq-treated metacercariae. The
adult worms from Al-treated metacercariae were significantly bigger in size compared to
the control group (P < 0.05). Fecundity and body width were greater in adults from Mf-
treated metacercariae compared to the control group (P < 0.05).
Conclusions: The larvicidal effects of these drugs were high efficacy to O. viverrini
cercariae but lesser efficacy to metacercariae. It should be further studied with the
eventual aim of developing a field-based control program.
1. Introduction

Opisthorchiasis, caused by infection with Opisthorchis
viverrini (O. viverrini), is a major risk factor for chol-
angiocarcinoma (CCA), an important public health problem in
northeastern Thailand [1]. Humans acquire infection by eating
raw or undercooked cyprinid fish containing the infective
stage, mature metacercariae [2]. The parasite life cycle requires
the snail Bithynia siamensis goniomphalos (B. siamensis
goniomphalos) as first intermediate host in the northeast
region of Thailand and many species of cyprinid fishes as
second intermediate host [3].

In the snail host, germinal cells in sporocysts and rediae
proliferate asexually, ultimately producing many free-swimming
cercariae. Numerous cercariae of O. viverrini are shed daily from
naturally infected snails, with an average of 1728 cercariae/
snail, at the daily peak shedding time of 8.00–10.00 AM [4].
After finding a cyprinid fish host, cercariae penetrate and
encyst to become metacercariae, mainly in the head portion
and muscles [5]. This can lead to a high prevalence of
O. viverrini metacercariae [3]. For treatment of opisthorchiasis
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cases, praziquantel has high efficacy [6]. Other drugs widely
used for many species of trematodes, including O. viverrini,
are albendazole and artesunate [7,8]. Efficacy of miltefosine
against trypanosomes, schistosomes and Entamoeba histolytica
has been studied [9,10]. Miltefosine has larvicidal effects on
eggs, miracidia and cercariae of Schistosoma mansoni
(S. mansoni) and Schistosoma haematobium, and lethal effect
to Biomphalaria alexandrina, the snail hosts [11]. To date,
there has been no study on the effects of any of these drugs
against larval stages of O. viverrini.

This study investigated in vitro larvicidal effects of alben-
dazole, artesunate, praziquantel and miltefosine on field-
collected O. viverrini cercariae and metacercariae. If these
drugs are effective against swimming cercariae and mature
metacercariae, their use in this way could be incorporated into
effective strategic control of opisthorchiasis in humans.

2. Materials and methods

2.1. Sample preparation

2.1.1. Collection of O. viverrini-infected B. siamensis
goniomphalos

Snails were collected by hand from water bodies in endemic
areas of Khon Kaen Province and brought back to the Mala-
cology Laboratory, Khon Kaen University in plastic bags
labeled for each locality. Snails were identified as B. siamensis
goniomphalos based on morphology of their shells [3,12]. They
were rinsed with tap-water and maintained in dechlorinated
tap-water for a few days before examination for O. viverrini
infection.

2.1.2. Collection of O. viverrini cercariae
Snails were placed individually in plastic cups (3 cm in

diameter and 2.5 cm in height) contained dechlorinated tap-
water. Cercarial shedding was induced by exposure to electric
light (40 W) for 2–3 h, after which the water in the cup was
examined for the presence of cercariae. Cercariae were identified
as O. viverrini by morphology [3] and confirmed by polymerase
chain reaction (PCR) using species-specific primers [13].

2.2. Life span of O. viverrini cercariae at various
temperatures

A suitable temperature for use in the cercaricidal study was
investigated. Freshly shed O. viverrini cercariae were main-
tained at various water temperatures from 4 to 52 �C (8 �C in-
tervals, 100 cercariae in five replicates at each temperature).
Their activity was observed and changes in morphology, such as
tail shedding or body degeneration, were noted.

2.3. Effects of albendazole, artesunate, miltefosine, and
praziquantel on O. viverrini cercariae

Albendazole, artesunate, praziquantel, (Sigma–Aldrich
Shanghai Trading Co Ltd Shanghai, China) and miltefosine
(Sigma–Aldrich Chemie GmbH, Buchs, Switzerland) were used
for this study. Cercariae (n = 1380) were divided into four
groups, one for each drug. Groups 1, 2, and 3 (360 cercariae/
group), cercariae in those groups were divided to 6 sub-groups
(60 cercariae/sub-group, 3 replicates, 20 cercariae/replicate)
Group 1 and 2: cercariae were exposed to concentration of
albendazole and artesunate (dissolved in 10% DMSO) of 0.0 (2
control groups, water and solvent of 10% DMSO), 0.2, 0.4, 0.6
and 0.8 ppm. Group 3: cercariae were exposed to praziquantel at
0.0000 (2 control groups, water and solvent of 10% DMSO),
0.0125, 0.0250, 0.0500, and 0.1000 ppm. Group 4 (300
cercariae), cercariae were divided to 5 sub-groups (60 cercariae/
sub-group, 3 replicates, 20 cercariae/replicate) to expose to
miltefosine at 0.0000 (control in water), 0.1375, 0.2750,
0.5500, and 1.1000 ppm. To study the effects of drugs,
cercariae were exposed for 24 h then rinsed with dechlorinated
tap water and observed for 24 h. The criteria for death of a
cercaria were lack of movement and physical degeneration.

2.4. Effects of albendazole, artesunate, miltefosine, and
praziquantel on O. viverrini metacercariae

2.4.1. Effect of drugs on mature metacercariae
This study consisted of two experiments. Experiment Ⅰ

determined survival of mature metacercariae in vitro and
Experiment Ⅱ determined infectivity and development of worms
in infected hamsters. Mature O. viverrini metacercariae were
obtained from natural infected cyprinid fish by the pepsin
digestion method [14].

Experiment Ⅰ: The metacercariae (n = 3600) were divided
into 4 groups (900 metacercariae/group), one for treatment with
each drug. Within each group there were six sub-groups (150
metacercariae/sub-group, 3 replicates, 50 metacercariae/repli-
cate), each exposed to praziquantel, miltefosine, artesunate and
albendazole at 0 (2 control groups, water and 10% DMSO), 50,
100, 150 and 200 ppm. Criteria for death of metacercariae were
no movement of larvae and degeneration.

Experiment Ⅱ: Infectivity and development of drug-treated
mature metacercariae in hamsters.

Metacercariae were exposed to drugs for 24 h as in Experi-
ment I, then washed with water and administered to hamsters (4
hamsters/sub-group, 50 metacercariae/hamster). Hamsters were
housed in the Animal House, Faculty of Medicine, Khon Kaen
University. Food and water were provided ad libitum for 30 d,
after which hamsters were euthanized with diethyl ether in a
fume hood and O. viverrini adults collected from the livers. The
protocol for O. viverrini infection and sacrifice of hamsters was
approved by the Animal Ethics Committee of Khon Kaen
University, Thailand (record No. ACUC-KKU-34/2558).

2.5. Morphology and fecundity of adult worms

Morphology of adult worms from hamster livers was studied
for ten adult worms from each concentration of each drug
(miltefosine, artesunate and albendazole). Worms were fixed in
10% neutral buffered formalin, stained with Semichon's acetic
carmine, dehydrated in an alcohol series and permanent slide
mounts made. The length and width, body area, area of testes
(anterior and posterior testes), and area of ovaries were deter-
mined for each worm under a microscope (Olympus Co., Tokyo,
Japan) using the program DP2-BSW (Olympus Co., Tokyo,
Japan). Eggs-per-worm was calculated from ten worms from
each hamster of each concentration of each drug and control
groups. The uterus of each worm was minced individually in a
plastic tube containing a known number of drops of normal
saline solution (NSS). One drop of this mixture was randomly



Figure 2. Photographs of O. viverrini cercariae in control group (A) and
after 24 h exposed to (B) albendazole, (C) artesunate, (D) miltefosine, and
(E) praziquantel, showing the death of cercariae and tail shedding.
B and E: cercariae were degenerated; C and D: tails of cercariae were shed
and no movement (death). Scale bar = 20 mm.
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sampled and placed on a glass slide, covered with a cover glass
and the number of O. viverrini eggs was counted (two replicates
for each worm). The number of eggs per worm (EPW) was
calculated as follows:

EPW = average number of O. viverrini eggs in 1 drop × total
number of drops of NSS.

2.6. Calculations and statistical analyses

The effects of albendazole, artesunate, miltefosine, and pra-
ziquantel on cercariae and metacercariae were evaluated by
examination under a stereomicroscope. The percentages of dead
cercariae and metacercariae at each drug concentration were
counted to determine 50% and 95% lethal concentrations (LCs)
for each drug. Probit analysis in SPSS version 16 was used. The
effects of these drugs on the ability of mature metacercariae to
establish in hamsters were determined by counting the number
of worms in hamster livers at 30 d post-infection. Fecundity of
the worms was determined by counting uterine eggs in each.
Two-way ANOVA in SPSS Version 16 was used to calculate
the significance of effects of each drug concentration at
P < 0.05.

3. Results

Genomic DNA of O. viverrini cercariae was amplified using
species-specific primers. In each case, PCR products of 330 bp
were obtained, confirming their identity [14].

3.1. Life span of O. viverrini cercariae at various
temperatures

Cercariae survived longest at 12 �C (75 h), 73 h at 20 �C and
for about 49 h at room temperature (28 �C). Longevity gradually
decreased below 12 �C and above 20 �C. Nearly all cercariae
died immediately at 52 �C (Figure 1). For the larvicidal study,
room temperature of (28 ± 2) �C was used.

3.2. Cercaricidal effects of albendazole, artesunate,
miltefosine, and praziquantel on O. viverrini

Cercariae exhibited abnormal behaviors after 24 h contact
with a drug: abnormal movement, shedding of the tail and
remaining at the bottom of their container. All cercariae in the
experimental groups were dead compared to active movement in
control group (Figure 2). The highest cercaricidal effect in this
Figure 1. Effects of various temperatures on life span of O. viverrini
cercariae in various temperatures water.
study was praziquantel with LC50 and LC95 of 0.017 and
0.693 ppm, respectively. The order from high cercaricidal effects
were artesunate, miltefosine, and albendazole with LC50 and
LC95 of 0.350 and 0.861, 0.530 and 1.134, 0.720 and
1.139 ppm, respectively. The number of dead cercariae was
increased to the increasing concentrations of drugs (Figure 3) but
slowly decreasing in higher concentrations of artesunate and
praziquantel.

3.3. Effects of albendazole, artesunate, miltefosine, and
praziquantel on O. viverrini metacercariae

3.3.1. Observed effects on mature O. viverrini
metacercariae

In Experiment Ⅰ, after 24 h exposure mature O. viverrini
metacercariae to albendazole, artesunate, praziquantel, and
miltefosine, the effective metacercaricidal was found in arte-
sunate and miltefosine. Lethal percentages of O. viverrini
metacercariae in artesunate treated groups of 0, 0 (10%
DMSO), 50, 100, 150 and 200 ppm were 0, 0, 1.32, 0, 1.32, and
14%, respectively. And metacercaricidal effects of 0, 0 (10%
DMSO), 50, 100, 150, and 200 ppm miltefosine were 0, 0, 18,
28, 24.66, and 26.66%, respectively. Miltefosine has a
considerable metacercaricidal effect than artesunate in same
conditions. Dead metacercariae were determined by no move-
ment of larvae and degeneration, clear or semi-translucent in-
side cyst wall (Figure 4).

Artesunate had LC50 and LC95 on mature metacercariae at
303.64 and 446.24 ppm, and miltefosine, at 289.711 and
631.781 ppm, respectively. But albendazole and praziquantel
treated groups did not present metacercaricidal effect on
O. viverrini mature metacercariae.



Figure 3. Number of death O. viverrini cercariae at various concentrations of drugs (after 24 h exposure).
A and D: cercaricidal effects of albendazole and miltefosine showing number of dead cercariae increasing with increased drug concentration; B and C:
cercaricidal effects of artesunate and praziquantel showing dead cercariae increasing with increased drug concentration but the highest concentration the
death were slightly decreased.

Figure 4. Photographs of O. viverrini mature metacercariae.
(A) normal mature metacercaria in control group; (B) degeneration of
mature metacercaria after 24 h exposures with miltefosine. Scale
bar = 20 mm.

Table 1

Characteristics of O. viverrini mature metacercariae after 24 h drug

exposure (50 metacercariae/concentration, 4 replicates).

Concentration
(ppm)

Drugs Characteristics of O. viverrini
mature metacercariae after
24 h drugs exposure (%)

Movement Excystation Abnormal Death

0 (control) – 98.5 1.5 0.0 0.0
0 (10% DMSO) – 99.3 0.0 0.7 0.0
50 Al 97.0 3.0 0.0 0.0

Ar 98.5 1.0 0.5 0.0
Pzq 92.0 3.0 4.5 0.0
Mf 93.5 0.0 0.0 6.5

100 Al 99.5 0.5 0.0 0.0
Ar 100.0 0.0 0.0 0.0
Pzq 90.5 9.5 0.0 0.0
Mf 91.0 0.5 0.0 8.5

150 Al 98.0 2.0 0.0 0.0
Ar 99.5 0.5 0.0 0.0
Pzq 94.0 4.0 2.0 0.0
Mf 88.0 0.0 0.0 12.0

200 Al 99.0 1.0 0.0 0.0
Ar 96.0 0.0 0.0 4.0
Pzq 96.5 3.5 0.0 0.0
Mf 88.0 0.5 0.0 11.5

Al: albendazole; Ar: artesunate; Pzq: praziquantel; Mf: miltefosine.
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In Experiment Ⅱ, mature metacercariae were exposed to
albendazole, artesunate, praziquantel, and miltefosine for 24 h.
At that time, counts were made of the number of metacercariae
exhibiting movement, number of excysted, abnormal and dead
metacercariae. The percentages of metacercariae exhibiting these
features at each concentration of albendazole, artesunate, pra-
ziquantel, and miltefosine are shown in Table 1.

3.3.2. Worm burdens
Albendazole: O. viverrini adults recovered from infected

hamsters at 30 d P.I. were lancet-shaped, thin and transparent.
Numbers of adult worms recovered and derived from meta-
cercariae treated with water, 10% DMSO, 50, 100, 150, and
200 ppm albendazole were 27, 9, 48, 36, 21, and 47, respec-
tively, representing 37%, 12%, 24%, 15.5%, 13%, and 23.5% of
the inoculum, respectively. Dimensions of worms were (4–
6 × 1–2) mm; the uterus was usually not full of eggs; testes and
ovaries were visible in most worms.
Artesunate: Numbers of adult worms recovered and derived
from metacercariae treated with water, 10% DMSO, 50, 100,
150, and 200 ppm artesunate were 23, 3, 33, 67, 77, and 91
respectively, representing 37%, 18%, 33%, 33.5%, 38.5% and
45.5% of the inoculum, respectively. Dimensions of worms were
(3–4 × 1) mm; the uterus was full of eggs in most cases and
testes and ovaries were always visible.

Miltefosine: Numbers of adult worms recovered and derived
from metacercariae treated with water, 10% DMSO, 50, 100,
150, and 200 ppm miltefosine were 24, 6, 59, 53, 27, and 55
worms, respectively, representing 37%, 6%, 29.5%, 26.5%,
13.5%, and 27.5% of the inoculum, respectively. Dimensions of
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worms were (3 × 1) mm; the uterus was full of eggs in most
cases, but the testes and ovaries were indistinct.

Praziquantel: no worm was recovered from any hamster.
In the control groups (0 ppm and 10% DMSO) 74 and 18

adult worms were recovered respectively, representing 49.3%
and 12% of the inoculum, respectively. Dimensions of worms
were (4–5 × 1) mm; the uterus was full in most worms and testes
and ovaries were visible in most (Figure 5).

3.3.3. Effects of drugs on morphology and fecundity of
adult worms

Dimensions and development (area) of reproductive organs
were evaluated for O. viverrini adults derived from meta-
cercariae treated with albendazole, artesunate, miltefosine, and
praziquantel. Numbers of uterine eggs were counted for each
worm and the rest of the body was carmine-stained for
morphological study. Worms from the two control groups
(treated with water and with 10% DMSO) differed significantly
in dimensions (P < 0.005), with those in the DMSO group being
larger.

Adult worms from groups treated with artesunate and mil-
tefosine had significantly more uterine eggs (P < 0.05) than did
the control group (water only) (Figure 6A). Worms of the
albendazole-treated groups exhibited significantly greater body
area than did the control group (P < 0.05) (Figure 6B). Areas of
the anterior testis of adult worms in the groups treated with
albendazole, artesunate and of the posterior testis in groups
treated with albendazole artesunate and miltefosine were
significantly greater than in the control group (P < 0.05)
(Figure 6C and D). The area of the ovary in adult worms in the
groups treated with albendazole, artesunate and miltefosine were
significantly greater than in the control group (P < 0.05)
(Figure 6E). Adult lengths in the groups treated with albendazole
and artesunate were significantly greater than in the control
group (P < 0.05). Body widths of adults in the groups treated
with albendazole and miltefosine were significantly greater than
in the control group (P < 0.05) (Figure 6F and G).

Numbers of uterine eggs from adult worms derived from
metacercariae treated with albendazole, artesunate and
Figure 5. Adult worms of O. viverrini 30 d post-infection from hamster
livers.
C1 and C2: 0 ppm and 10% DMSO (control); Al: treated mature meta-
cercariae with albendazole; Ar: artesunate; Mf: miltefosine. Scale
bar = 200 mm.
miltefosine did not differ significantly from numbers in the
control group (10% DMSO) (P > 0.05). Body areas of worms
treated with artesunate and miltefosine were significantly
smaller than in the control group (P < 0.05). Areas of anterior
testes of adult worms in the groups treated with miltefosine
were significantly smaller than in the control group, but this
difference was not seen in the posterior testes (P > 0.05). Area
of ovary of adult worms in the groups treated with artesunate
and miltefosine were smaller significantly than the control
group (P < 0.05). Body lengths of adults raised from meta-
cercariae treated with artesunate and miltefosine were signifi-
cantly shorter than in the control group (P < 0.05). Width of
adults raised from metacercariae treated with albendazole and
artesunate were significantly narrower than in the control group
(P < 0.05).

Numbers of uterine eggs from adult worms derived from
metacercariae treated with albendazole and with artesunate at 50
and 150 ppm, and miltefosine at 150 and 200 ppm were
significantly greater than in the control group (10% DMSO)
(P < 0.05). Adult worm body area was significantly greater than
controls in all albendazole-treated groups (P < 0.05). The areas
of anterior testes were significantly greater than controls in all
albendazole-treated groups, the 50, 150 and 200 ppm artesunate-
treated groups, and the 200 ppm miltefosine-treated group
(P < 0.05). The areas of posterior testes were significantly
greater than controls in all treatment groups except the 200 ppm
albendazole group and the 150 ppm miltefosine group. The areas
of ovaries were significantly greater than controls in the 50, 100
and 150 ppm albendazole-treated groups, the 50, 150 and
200 ppm artesunate-treated groups and the 50 and 200 ppm
miltefosine-treated groups (P < 0.05). Lengths of adult worms
were significantly greater than controls in all albendazole- and
artesunate-treated groups (P < 0.05), and widths of adult worms
were significantly greater than controls in the 200 ppm
albendazole-treated group, and the 50 and 200 ppm miltefosine-
treated group (P < 0.05).

Numbers of uterine eggs in adult worms from hamsters
infected with mature metacercariae exposed to 150 ppm of
albendazole and to 200 ppm of artesunate were significantly
lower than in the control group (10% DMSO) (P < 0.05). The
areas of worm bodies were significantly greater than controls in
the 200 ppm artesunate-treated group but were significantly less
in all albendazole- and miltefosine-treated groups (P < 0.05).
The areas of anterior testes were significantly lower than con-
trols in the 100 ppm artesunate-treated group and the 50 and
100 ppm miltefosine-treated groups (P < 0.05). The areas of
posterior testes were significantly greater than controls in the
100 ppm albendazole-treated group, but significantly lower than
controls in the 50 ppm miltefosine-treated group (P < 0.05). The
areas of ovaries were significantly lower than controls in the 100
and 200 ppm artesunate-treated group and the 100 ppm
miltefosine-treated group (P < 0.05). Adult body lengths were
significantly higher than controls in the 200 ppm albendazole-
treated group, but significantly lower in the 50 and 100 ppm
artesunate-treated groups and in all miltefosine-treated groups
(P < 0.05), Adult body widths were significantly lower than
controls in the 50 ppm albendazole-treated group, all artesunate-
treated groups and the 100 ppm miltefosine-treated group
(P < 0.05).



Figure 6. Morphology study of O. viverrini adults from hamsters infected with mature metacercariae exposed to albendazole, artesunate and miltefosine.
*P < 0.05, compared to control group (in water). A: bar charts of the number of eggs in uterus; B: the areas of parasite bodies; C and D: areas of testes
(anterior and posterior testes); E: areas of ovaries; F and G: adult sizes (length and width).
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4. Discussion

The cercariae in this study were proved to be those of
O. viverrini by using species-specific primers yielding amplifi-
cation products of 330 bp [13].

Cercariae of O. viverrini were longest survival in the group of
low temperature of 12 �C in which the cercariae were low ac-
tivity and used low preserve energy resulting of the longest life
span. At room temperature cercariae had a life span of 49 h; in
this study when cercariae were treated with drugs for 24 h and
observed for their survival for another 24 h, those cercariae still
survived in this period of studying time.
The drugs used were effective against O. viverrini cercariae.
Praziquantel was most effective, with LC50 and LC95 values of
0.017 and 0.693 ppm, respectively. High cercaricidal effect was
also shown by other drugs, in descending order, artesunate,
miltefosine, and albendazole. Few studies have investigated ef-
fects of drugs on larval stages of trematodes. Praziquantel has
been reported to have larvicidal effects on S. mansoni sporo-
cysts, miracidia, and cercariae [15].

Artesunate had cercaricidal effects on O. viverrini cercariae
with LC50 and LC95 values of 0.350 and 0.861 ppm, respec-
tively. Artesunate is a clinically versatile artemisinin derivative
utilized for the treatment of mild to severe malaria infection [16].
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It was effective against Clonorchis sinensis and O. viverrini in
rodent models, with reductions in worm burden of 98.6–
100.0% and 77.6%, respectively [15]. Artesunate was also
effective against adult Fasciola hepatica in the rat model and
in vitro [8,17]. There has been no previous study of larvicidal
effects of artesunate on trematodes.

Miltefosine had cercaricidal effects on O. viverrini cercariae
with LC50 and LC95 values of 0.530 and 1.134 ppm. The drug
has antiprotozoal and antineoplastic properties and has been
used to treat S. mansoni infection, in which it damaged the outer
tegument and lipid bilayers [9]. There has been no previous study
of larvicidal effects of miltefosine on trematodes.

Albendazole had relatively low cercaricidal effects on
O. viverrini cercariae with LC50 and LC95 values of 0.720 and
1.139 ppm. Albendazole is effective against O. viverrini in
hamsters, C. sinensis in rats, F. hepatica in cattle [18–20] and
schistosomiasis [21]. Li and colleagues in 1990, showed that
albendazole caused the tegument of parasites to swell and
adhere to gut microvilli [22]. However there has been no
previous report of effects of this drug on larval stages of
trematodes. This study has therefore been the first such report.
In our study, the drug had direct contact with the tegument of
the cercariae: the concentration of drug required was very low
compared to that required for treatment of the adult stage.

With respect to metacercariae, albendazole and praziquantel
had no effect: only artesunate and miltefosine were effective at
all concentrations used in this study. LC50 and LC95 values of
303.643 and 446.237 ppm were determined for artesunate,
289.711 and 631.781 ppm for miltefosine, respectively. Cer-
caricidal and metacercaricidal effects did not coincide. Meta-
cercariae have a protective cyst wall that might help exclude
drugs, but cercariae had their tegument in direct contact with
drug solutions. There has been no previous report of artesunate
and miltefosine as metacercaricide of trematodes.

Mature metacercariae, treated with various drugs, were
administered to hamsters, and the resulting adult worms collected
30 d later. Worms derived from metacercariae treated with
albendazole, artesunate, and miltefosine were recovered from
hamster livers. However, metacercariae treated with praziquantel
did not yield worms in hamsters. It is possible that praziquantel
adheres to the cyst wall of metacercariae and can act on larvae
following excystment. If so, this would be despite the fact that
metacercariae were washed with NSS 3–4 times before adminis-
tration to hamsters. Alternatively, perhaps praziquantel can
penetrate the cyst wall and act against the larva. However, this
drug was found not be effective against Nanophyetus salmincola
metacercariae in Chinook salmon (Oncorhynchus tshawytscha) at
dosages of 10, 20 or 100 mg/kg body weight [23].

The highest percentage recovery of worms was from ham-
sters infected with artesunate-treated metacercariae. However,
worms from hamsters infected with albendazole-treated meta-
cercariae were slightly larger than those in the control group or
in the artesunate- and miltefosine-treated groups. The cause of
this effect is not known. In the control group, the uteri of worms
were filled with eggs, but not in the drug-treated groups. Pre-
sumably, anthelmintic effects of these drugs suppress fecundity.

The sizes of reproductive organs in the treated groups were
also affected by drug treatment, being smaller than controls in
some cases, but larger in others. These effects need further
studies.

In our in vitro study, albendazole, artesunate, praziquantel
and miltefosine were cercaricidal; artesunate and miltefosine had
observable metacercaricidal effects. But in vivo study is required
to evaluate their efficacy in infected wild or cultured fish. The
effects of these drugs on cercarial and metacercarial stages
should be further studied. If we can prevent the infection of fish
by treatment of cercariae with drugs, or kill metacercariae in
cyprinid fishes, this could be of value for fish farms. Infection in
wild cyprinid fishes is difficult and costly to control. Provision
of parasitologically sterile fishes by fish farms would relieve
people of concerns about opisthorchiasis, which is a risk factor
of CCA, and may lead to a sustainable control strategy for
opisthorchiasis.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

We are grateful to The Higher Education Research Promo-
tion and National Research University Project of Thailand, Of-
fice of the Higher Education Commission, though the Health
Cluster (SHeP-GMS), Khon Kaen University to student, Miss
Phornphitcha Pechdee and advisor, Assoc. Prof. Dr. Smarn
Tesana for financial support of this work. We would like to
thank Prof. David Blair for English editing.

References

[1] Wiwanitkit V. Cholangiocarcinoma and opisthorchiasis in North-
east Thailand: raw fish intake may not be the sole cause. Rev Soc
Bras Med Trop 2015; 48(3): 365.

[2] Madsen H, Dung BT, The DT, Viet NK, Dalsgaard A, Van PT. The
role of rice fields, fish ponds and water canals for transmission of
fish-borne zoonotic trematodes in aquaculture ponds in Nam Dinh
Province, Vietnam. Parasit Vectors 2015; 8: 625.

[3] Wykoff DE, Harinasuta C, Juttijudata P, Winn MM. Opisthorchis
viverrini in Thailand the life cycle and comparison with O. felineus.
J Parasitol 1965; 51: 207-214.

[4] Phongsasakulchoti P, Sri-aroon P, Kerdpuech Y. Emergence of
Opisthorchis viverrini cercariae from naturally infected Bithynia
(Digoniostoma) siamensis goniomphalos. Southeast Asian J Trop
Med Public Health 2005; 36(Suppl. 4): 189-191.

[5] Donthaisong C, Arunsan P, Suwannatrai K, Prasopdee S,
Kulsantiwong J, Wongmaneeprateep S, et al. Experimental infec-
tion of Opisthorchis viverrini cercariae to the cyprinid fish, Bar-
bonymus gonionotus. Acta Trop 2014; 136: 118-122.

[6] Meister I, Kovac J, Duthaler U, Odermatt P, Huwyler J,
Vanobberghen F, et al. Pharmacokinetic study of praziquantel
enantiomers and its main metabolite R-trans-4-OH-PZQ in plasma,
blood and dried blood spots in Opisthorchis viverrini-infected
patients. PLoS Negl Trop Dis 2016; 10(5). e0004700.

[7] Chistyachenko YS, Khvostov MV, Belousov AI, Zhukova NA,
Pakharukova MY, Katokhin AV, et al. Physicochemical properties
and anti-opisthorchosis effect of mechanochemically synthesized
supramolecular complexes of albendazole with the polysaccharide
arabinogalactan from Larix sibirica and Larix gmelinii. Dokl Biol
Sci 2014; 456(1): 212-214.

[8] Keiser J, Shu-Hua X, Tanner M, Utzinger J. Artesunate and arte-
mether are effective fasciolicides in the rat model and in vitro.
J Antimicrob Chemother 2006; 57(6): 1139-1145.

[9] Eissa MM, El-Moslemany RM, Ramadan AA, Amer EI, El-
Azzouni MZ, El-Khordagui LK. Miltefosine lipid nanocapsules for
single dose oral treatment of Schistosomiasis mansoni: a preclinical
study. PLoS One 2015; 10(11). e0141788.

[10] Seifert K, Duchene M, Wernsdorfer WH, Kollaritsch H,
Scheiner O, Wiedermann G, et al. Effects of miltefosine and other
alkylphosphocholines on human intestinal parasite Entamoeba

http://refhub.elsevier.com/S1995-7645(17)30112-8/sref1
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref1
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref1
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref2
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref2
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref2
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref2
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref3
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref3
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref3
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref4
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref4
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref4
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref4
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref5
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref5
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref5
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref5
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref6
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref6
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref6
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref6
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref6
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref7
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref8
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref8
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref8
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref9
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref9
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref9
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref9
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref10
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref10
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref10


Phornphitcha Pechdee et al./Asian Pacific Journal of Tropical Medicine 2017; 10(2): 126–133 133
histolytica. Antimicrob Agents Chemother 2001; 45(5): 1505-
1510.

[11] Eissa MM, El Bardicy S, Tadros M. Bioactivity of miltefosine
against aquatic stages of Schistosoma mansoni, Schistosoma hae-
matobium and their snail hosts, supported by scanning electron
microscopy. Parasit Vectors 2011; 4: 73.

[12] Brandt RAM. The non-marine aquatic mollusca of Thailand. Arch
Mollusk 1974; 105. 1–423.

[13] Wongratanacheewin S, Pumidonming W, Sermswan RW,
Maleewong W. Development of a PCR-based method for the
detection of Opisthorchis viverrini in experimentally infected
hamsters. Parasitology 2001; 122(2): 175-180.

[14] Pinlaor S, Onsurathum S, Boonmars T, Pinlaor P, Hongsrichan N,
Chaidee A, et al. Distribution and abundance of Opisthorchis
viverrini metacercariae in cyprinid fish in Northeastern Thailand.
Korean J Parasitol 2013; 51(6): 703-710.

[15] Liang YS, Coles GC, Doenhoff MJ, Southgate VR. In vitro re-
sponses of praziquantel resistant and susceptible Schistosoma
mansoni to praziquantel. Int J Parasitol 2001; 31(11): 1227-1235.

[16] Senarathna SM, Batty KT. Interspecies allometric scaling of anti-
malarial drugs and potential application to pediatric dosing. Anti-
microb Agents Chemother 2014; 58(10): 6068-6078.

[17] Keiser J, Shu-Hua X, Jian X, Zhen-San C, Odermatt P, Tesana S,
et al. Effect of artesunate and artemether against Clonorchis
sinensis and Opisthorchis viverrini in rodent models. Int J Anti-
microb Agents 2006; 28(4): 370-373.
[18] Bhaibulaya M, Punthuprapasa P. Treatment of Opisthorchiasis
viverrini in hamsters with albendazole. Southeast Asian J Trop
Med Public Health 1984; 15(3): 389-393.

[19] Fan PC, Wu CC, Huang P, Yen CW. Determination of the mini-
mum effective dosages of praziquantel, albendazole, and meben-
dazole against Clonorchis sinensis infection in rats. Kaohsiung J
Med Sci 2005; 21(10): 448-451.

[20] Selemetas N, Phelan P, O'Kiely P, de Waal T. The effects of farm
management practices on liver fluke prevalence and the current
internal parasite control measures employed on Irish dairy farms.
Vet Parasitol 2015; 207(3–4): 228-240.

[21] Chami GF, Kontoleon AA, Bulte E, Fenwick A, Kabatereine NB,
Tukahebwa EM, et al. Profiling nonrecipients of mass drug
administration for schistosomiasis and hookworm infections: a
comprehensive analysis of praziquantel and albendazole coverage
in community-directed treatment in Uganda. Clin Infect Dis 2016;
62(2): 200-207.

[22] Li BZ, Pang XL, Deng LJ, Yu XH, Zhang ZW, Cao YM, et al.
Ultrastructural changes in the body wall and gut of Clonorchis
sinensis in rats after albendazole treatment. Zhongguo Ji Sheng
Chong Xue Yu Ji Sheng Chong Bing Za Zhi 1990; 8(4): 295-297.

[23] Foreyt WJ, Gorham JR. Preliminary evaluation of praziquantel
against metacercariae of Nanophyetus salmincola in chinook
salmon (Oncorhynchus tshawytscha). J Wildl Dis 1988; 24(3): 551-
554.

http://refhub.elsevier.com/S1995-7645(17)30112-8/sref10
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref10
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref11
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref11
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref11
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref11
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref12
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref12
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref13
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref13
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref13
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref13
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref14
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref14
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref14
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref14
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref15
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref15
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref15
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref16
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref16
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref16
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref17
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref17
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref17
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref17
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref18
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref18
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref18
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref19
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref19
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref19
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref19
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref20
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref20
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref20
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref20
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref21
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref22
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref22
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref22
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref22
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref23
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref23
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref23
http://refhub.elsevier.com/S1995-7645(17)30112-8/sref23

	Effects of albendazole, artesunate, praziquantel and miltefosine, on Opisthorchis viverrini cercariae and mature metacercariae
	1. Introduction
	2. Materials and methods
	2.1. Sample preparation
	2.1.1. Collection of O. viverrini-infected B. siamensis goniomphalos
	2.1.2. Collection of O. viverrini cercariae

	2.2. Life span of O. viverrini cercariae at various temperatures
	2.3. Effects of albendazole, artesunate, miltefosine, and praziquantel on O. viverrini cercariae
	2.4. Effects of albendazole, artesunate, miltefosine, and praziquantel on O. viverrini metacercariae
	2.4.1. Effect of drugs on mature metacercariae

	2.5. Morphology and fecundity of adult worms
	2.6. Calculations and statistical analyses

	3. Results
	3.1. Life span of O. viverrini cercariae at various temperatures
	3.2. Cercaricidal effects of albendazole, artesunate, miltefosine, and praziquantel on O. viverrini
	3.3. Effects of albendazole, artesunate, miltefosine, and praziquantel on O. viverrini metacercariae
	3.3.1. Observed effects on mature O. viverrini metacercariae
	3.3.2. Worm burdens
	3.3.3. Effects of drugs on morphology and fecundity of adult worms


	4. Discussion
	Conflict of interest statement
	Acknowledgements
	References


