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Abstract
Background: Hydatidosis caused by Echinococcus granulosusus remains an important parasitic disease, mainly in the Mediterranean 
region, in human and veterinary medicine. Many protoscolicidal agents have been used to treat it, but most of them are not safe and 
effective due to their undesirable side effects.
Objectives: The aim of the present work was to evaluate the in vitro efficacy of the antihelminths artemether, artemisinine, albendazole, 
and drug combinations against Echinococcus granulosusus protoscoleces.
Materials and Methods: Echinococcus granulosus protoscoleces were aseptically removed from liver hydatid cysts in sheep. Drugs were 
used at the following final concentrations: 1, 2.5, 5, 10, 25, 50, 100, and 200 μg/mL for 15 days. The viability of protoscoleces was confirmed 
by Eosine 0.1%.
Results: In this case, the protoscolicidal effect of artemether and its combinations was significantly (P < 0.05) higher than other groups; 
the maximum protoscolicidal effect was found with 200 μg/mL of artemether after 4 days whereas albendazole killed protoscoleces on the 
7th day post-incubation. Surprisingly, the incubation of protoscoleces with artemisinine exhibited promising results, as only artemisinine 
was more effective against evaginated protoscoleces on the 9th day. The maximum effect of two drugs combined belonged to artemether 
and artemisinine.
Conclusions: The obtained outcome demonstrated the desirable effect of artemether against Echinococcus granulosus protoscoleces. 
With regard to artemisinine’s astonishing results, it seems that artemisinine can be a striking drug for tissue and metacestode forms of 
hydatidosis in human and animal models. However, further investigations into the in vivo experiments are proposed.
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1. Background
Cystic echinococcosis caused by the larval stage of the 

cestode Echinococcus granulosusus produces a long-last-
ing and life-threatening infection in humans and ani-
mals, which is a serious public health problem and eco-
nomic concern worldwide (1). It has been estimated that 
hydatidosis has affected approximately 50 million peo-
ple worldwide, particularly in sheep-raising areas. If it is 
diagnosed, the disease can be successfully treated with 
drugs; if left untreated, it can rupture and lead to serious 
complications (2). Treatment options for hydatidosis in-
clude non-operative and operative methods. Chemother-
apy and percutaneous treatment are used as non-opera-
tive methods, and conservative and radical procedures 
are used for operative methods. Chemotherapy has been 
used preoperatively or postoperatively or both (3).

Before the introduction of benzimidazole anthelmin-
tics, surgery was the only treatment available (4) and is 
still the most common treatment for hydatidosis (5).

Mebendazole and albendazole were first used in hu-
mans in the late 1970s (6-8). Almost 20 - 40% of cases did 

not respond to chemotherapy (9). Albendazole has been 
shown to be significantly more effective than mebenda-
zole in the treatment of whole hydatid cysts and liver 
cysts (10). The estimated effectiveness of benzimidazole 
treatments, including albendazole, is lower than 80%, 
with only 8% - 20% of patients appearing to have success-
ful treatment, as indicated by the disappearance or sig-
nificant decrease in the size of cysts (11). The earliest re-
port on the use of Artemisia annua was in the Recipes for 
52 kinds of diseases found in the Mawangdui Han Dynasty 
tomb dating from 168 B.C. Later, it was introduced in 1798 as 
a treatment for malaria (12). Nowadays, artemisinine and 
its derivatives are considered as the treatment for malaria 
in Africa by the WHO (13). Artemisinine and its derivatives 
are effective against multidrug-resistant plasmodium fal-
ciparum strains mainly in Southeast Asia and Africa, with-
out any reported cases of resistance (14). Artemisinine and 
its derivatives have also been shown to be effective against 
a number of viruses, Pnuemocystis carinii, Toxoplasma gon-
dii, a number of human cancer cell lines (15), and a variety 
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of other parasitic tropical diseases including schistosomi-
asis (16), leishmaniasis (17, 18), Chagas disease, and African 
sleeping sickness (19).

Artemether is a semi-synthetic derivative of artemisi-
nine and the most widely used antimalarial drug (20). 
Artemether is converted primarily to dihydroartemisi-
nine, which is often (90%) bound to plasma proteins 
(21). It has exhibited a broad spectrum of activity against 
blood and tissue flukes in vitro and in vivo (22). Shalaby 
et al. in 2009 showed that artemether can be used as an 
effective drug against nematode (23).

1.1. Pharmacokinetics
Albendazole is a benzimidazole carbamate with better 

absorption properties. Its active metabolite against pro-
toscoleces of Echinococcus granulosis is albendazole sulfox-
ide, and it is able to penetrate into hydatid cysts (24). The 
mode of action of benzimidazoles is the interaction with 
the eukaryotic cytoskeletal protein, β-tubulin, inhibiting 
its polymerization into microtubules, reducing glucose 
uptake and leading to the depletion of glycogen storage, 
degenerative alterations in the endoplasmic reticulum 
and mitochondria of the germinal layer and finally, cel-
lular autolysis (25, 26). The effect of albendazole against 
metacestodes Spp., such as Echinococcus spp., was investi-
gated in animal models in the 1970s (27, 28). The ability of 
the drug to penetrate the complex structure of the cyst’s 
wall, which mainly depends on drug’s lipophilicity, is the 
most critical factors for the drug’s success (29).

Artemisinine, the parent compound for semisynthetic 
derivatives, has been chemically modified to produce 
artemether and other derivatives (21). To Artemisinin 
and its derivatives are mostly used as antimalarial drugs 
(20). These compounds have been administrated orally 
and rectally. The mechanisms of action for artemisinine 
and artemether are unclear. Specific reactions of arte-
misinine with translationally controlled tumor protein 
(TCTP), the inhibition of the sarco/endoplasmic reticu-
lum Ca2+-ATPase (SERCA) orthologue (PfATP6) of P. falci-
parum, and the inhibition of P. falciparum cysteine pro-
teases have been proposed (30). Artemisinine is rapidly 
absorbed from the gastrointestinal tract and the peak 
plasma level occurs at 1 hour and is hydrolyzed in vivo 
to the active metabolite dihydroartemisinine. Then, the 
parent compound and metabolite are widely distributed 
in the tissues and the half-life is 4 hours with no major 
side effects (31). The peak plasma concentration of arte-
mether occurs in 6 hours with a half-life of 4 - 11 hours (31).

2. Objectives
Given the abovementioned points, the aim of the cur-

rent experimental work was to demonstrate the efficacy 
of artemether, artemisinine, albendazole, and drug 
combinations against Echinococcus granolosus protoscol-
eces. Considering the limited diversity of protoscolicidal 
drugs, the development of new protoscolicidal com-
pounds has been of great interest.

3. Materials and Methods

3.1. Drug Preparation
Artemether (Sigma-Aldrich, USA), artemisinine (Sigma-

Aldrich, USA), and albendazole (Yabang-QH, China) were 
dissolved in ethanol and dimethyl sulfoxide (DMSO) as 
stock solutions of 2000 μg/mL and diluted with sterile 
phosphate buffer  solution (PBS) at serial concentrations of 
1, 2.5, 5, 10, 25, 50, 100, and 200 μg/mL (400 μg/mL was used 
only for artemisinine). Penstrep was purchased from Invit-
rogen (Gibco®). Artemether and artemisinine were evalu-
ated in comparison to albendazole as the reference drug.

3.2. Protoscoleces Collection
Echinococcus granulosus protoscoleces were aseptically 

removed from liver hydatid cysts from sheep slaughtered 
at the municipal abattoirin Tabriz, Iran. The hydatid cysts 
(1.5 - 6 cm in diameter) were cut open, and hydatid fluid was 
aseptically transferred into a 50 mL Falcon tube and centri-
fuged at 1500 rpm for 10 minutes at 37°C. The viability of 
protoscoleces was assessed microscopically using an Eosin 
0.1% (1 g of eosin powder in 1000 mL of distilled water) ex-
clusion test and motility of flame cells. Protoscoleces were 
washed four times in Hanks’ balanced salt solution (Ph = 
7.4) containing 10% glucose and 200 U/mL of penicillin, 200 
mg/mL of streptomycin, and 0.5 mg/mL of amphotericin B 
supplemented to eliminate the remaining hydatid mem-
branes and fluid (32). Protoscoleces were treated with 0.1% 
pepsin in Hanks’ salt solution, at a pH of 2.0, at 37°C for 30 
- 45 minutes, to eliminate the remnants of the germinal 
layer and dead protoscoleces. Pepsin was removed by four 
washings with Hanks’ medium. Then the viability of the 
protoscoleces was evaluated on the basis of the flame cell 
activity as observed under a light microscope by Eosin 0.1%.

3.3. Macrophage Apoptosis Assay
To evaluate the effects of artemisinin toxicity on un-

infected BALB/c mouse macrophages, we used Annexin 
V-FITC apoptosis detection kit (Roche, Germany). The 
macrophages (5 × 105 cells/mL) were exposed toartemis-
inin (5, 10, 25, 50, and 100 µg/mL) in an RPMI 1640 medi-
um (Gibco BRL) supplemented with 10% FBS (Gibco BRL). 
Cell cultures were incubated at 37°C and 5% CO2. After 48 
hours, the samples were collected and centrifuged in 
1400 g and 4°C for 10 minutes. Apoptosis assay was done 
by flow cytometry (33).

3.4. In Vitro Scolicidal Assay
The number of protoscoleces that was 100 in per mL of 

DMEM was added to DMEM separately in 24-well tissue 
culture plates, each containing 200 U/mL of penicillin, 
200 mg/mL of streptomycin, and 0.5 mg/mL of ampho-
tericin B) supplemented (34). Culture plates were placed 
in an upright position in an incubator at 37°C and 5% CO2, 
without medium changes. Drugs were added at 1, 2.5, 
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10, 25, 50, 100, and 200 μg/mL to protoscoleces and 400 
μg/mL was used only for artemisinine. Tests were car-
ried out in duplicate; ethanol and DMSO (drug solvents) 
with equal volumes without the drugs were used as con-
trols. For the preparation of drug combinations, 1, 2.5, 10, 
25, 50, 100, and 200 μg/mL of them were prepared with 
equal proportions of artemisinine, albendazole, and 
artemether.The viability of protoscoleces was followed 
microscopically using an Eosin 0.1% exclusion test. At first 
12 hours, assessment was done every hour. Then, assess-
ment was done daily, every 24 hours. Cultures were kept 
in a culture plate (SPL life science Co. Korea) placed in an 
incubator at 37°C, 5% CO2 without changes in themedium 
during the entire incubation period (35). Non-treated 
protoscoleces were considered as control groups. The 
number of live protoscoleces was counted daily up to the 

15th day. The rate of protoscoleces viability was calculated 
according to the number of live protoscoleces per field 
out of 100 protoscoleces seen under the microscope.

3.5. Statistical Analysis
To determine the differences between tests and control 

groups, statistical analysis was performed using SPSS 
16.0, Mann-Whitney U. A P value of less than 0.05 was con-
sidered significant.

4. Results 
The toxic effect of different concentrations of artemis-

inin on mice’s uninfected macrophages was evaluated 
after 48 hours. Flow cytometry assay results have been 
presented below (Figure 1).

Figure 1. Flow Cytometry Results of the Effect of Artemisinin on the Macrophages of BALB/c Mice Viability
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The scolicidal effects of artemether, artemisinine, and 
albendazole are summarized in Figures 2 - 4. The in vitro 
treatment yielded different protoscolicidal effects de-
pending on the drugs used, various exposure times, and 
their combinations. E. granulosus protoscoleces, after 
exposure to artemether, artemisinine, and albendazole, 
gradually lost their viability, whereas the viability of the 
protoscoleces control group was 85% after 15 days of in-
cubation.

The numbers of viable drug-treated protoscoleces were 
clearly lower than the control (DMSO- and ethanol-treat-
ed) groups; thus, with a concentration of 200 μg/mL of 
drugs, the viability of protoscoleces was reduced to 0% 
after 4 days p.i. for artemether (Figure 2A), versus 7 days 
for albendazole (Figure 2C) and 9 days for artemisinine 
(Figure 2B). For combined chemotherapy at this time, the 
mortality of protoscoleces incubated withartemether
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Figure 2. Scolicidal effects of A, artemether; B, artemisinine; and C, al-
bendazole to E. granulosus after exposure at different concentrations for 
15 days. Each point represents the mean percentage of live protoscoleces.

(100 μg/mL) plus artemisinine (100 μg/mL) was 100% at 
the 7th day (Figure 3C) versus 11 days for artemisinine 
(100 μg/mL) plus albedazole (100 μg/mL) (Figure 3A) and 
8 days for artemether (100 μg/mL) plus albendazole (100 
μg/mL) (Figure 3B). We showed that the reappears to be 
a synergic effect between artemisinine plus artemether 
and albendazole plus artemisinine when used in combi-
nation.

The scolicidal effect of 200 μg/mL of artemether was 
extremely significant compared to the same concentra-
tions of artemisinine and its combinations (P < 0.05), 

Figure 3. Scolicidal Effects of the Combination of Two Drugs on E. 
granulosus
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Figure 4. Dead Protoscoleces After Exposure to Artemether, Albendazole and Artemisinine

Dead protoscoleces after exposure to A, artemether and albendazole and B, artemisinine staining with 0.1% eosin (4.5 ×).

although there was no significant difference in compari-
son to the same concentrations of albendazole, albenda-
zole plus artemether, and artemether plus artemisinine 
groups (P < 0.05).

The effect of artemisinine against protoscoleces was 
surprisingly different from other drugs. In spite of arte-
mether and albendazolekilling the protoscoleces gradu-
ally over the incubation time (Figure 4A), the protoscol-
eces exposed to artemisinine were viable by the 8th day of 
incubation. Surprisingly, the viability rate became 0% on 
the 9th day (200 μg/mL) for artemisinine as the majority 
of protoscoleces were evaginated (Figure 4B). This result 
also was seen for other concentrations of artemisinine.

All experiments exhibited time-dependent and dose-de-
pendent scolicidal effects on the protoscoleces of hydatid 
cysts. The results of the present study indicated that arte-
mether and artemisinine as new drugs have high scolici-
dal activity in vitro.

5. Discussion
In this work, we determined that the antimalarial com-

pounds artemether and artemisinine exhibited promis-
ing activity against Echinococcus granolosus protoscoleces 
in vitro. Unfortunately, there are few studies of artemisi-
nine derivatives’ effects against Echinococcus protoscol-
eces. The present work is the first report of artemether, 
artemisinine, and albendazole and their combinations 
against protoscoleces to explore their possible synergic 
effects. Albendazole was used as the standard treatment 
against echinococcosis; as the most commonly used drug 

in echinococcosis treatment, it has no clear treatment 
time course for pre- and post-operative cases. However, 
the current prolonged recommended duration of drug 
therapy, which may last up to 6 months, predisposes pa-
tients to toxicity and makes the search for a more effec-
tive therapy with a shorter duration of chemotherapy 
necessary (36).

Antimalarial drugs have been shown to be effective 
against a broad range of parasitic diseases, such as try-
panosomiasis, leishmaniasis, amoebiasis, and/or fungal 
infections (21, 37-40). 

A few studies have been done on artemisinine and its 
derivatives against Echinococcus granulosus. Spicher et al. 
established the striking results of dihydroartemisinine 
and artesunate (10 to 40 µM) against Echinococcus granu-
losus and Echinococcus multilocularis protoscoleces in vitro 
and in vivo, although artemisinine and artemether were 
ineffective on protoscolics in their study (41). Xiao-juan 
showed that on the 9th day of incubation, an artemether 
high-dose group (100 μg/mL) killed 100% of Echinococcus 
multilocularis protoscoleces while the artemether low-dose 
(50 μg/mL) and albendazole groups had 93.28% and 99.03% 
mortality, respectively (42). As mentioned above, there is a 
discrepancy with regard to the effectiveness of are mether 
and artemisinine against hydatid disease because some 
authors have reported no metacestocidal effect (41). We 
showed that a high dose (200 μg/mL) of artemether killed 
all protoscoleces on day 4 of exposure; 100 μg/mL and 50 
μg/mL killed the protoscoleces on the 6th and 7th days, 
respectively. The control groups exhibit no considerable 
alteration throughout the entire incubation period.
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The artemisinine results were completely different and 
also exciting. Surprisingly, artemisinine (400 μg/mL) had 
no effect on protoscoleces up to the 8th day (95% viability, 
not shown in the figure). On the 9th day with 200 μg/mL of 
artemisinine, all protoscoleces were killed while they were 
going to dead protoscoleces after exposure to artemether, 
albendazole and artemisinine. This suggests that artemisi-
nine had no effect on invaginated protoscoleces, but as 
they grow, this drug can affect them. It seems that there is 
a relation between the protoscoleces evaginated structure 
and artemisinine. According to the results of this work, 
artemisinine can be considered an effective drug for tis-
sue and metacestode forms in human and animal models. 
Promising in vitro results were achieved with artemether 
and artemisinine and their combinations.

Because metacestodes are surrounded by a highly gly-
cosilated acellular laminated layer, the drugs and their 
metabolites maynot be accumulated in the paracisitic 
tissues in sufficient quantities. Artemisinine and its de-
rivatives have proved to be fairly safe (31). We believe that 
increased doses of safe drugs such as artemisinine can be 
used in vivo. The restructuring of the drugs to yield the 
best formulation can be attempted. Since for no ideal 
scolicidal agents have been presented (43). In vivo stud-
ies have considered the efficacy of albendazole-based 
combination therapy against echinococcosis. Rafiei et al. 
showed that albendazole and praziquantel combination 
therapy had greater antiechinococcal efficacy than alben-
dazole alone (36).

It seems that artemether and artemisinine and their 
derivatives can be promising drugs as new scolicidal 
agents, butfurther investigationsare warranted (44). In 
vivo experiments of artemether and artemisinine also 
need to be conducted using an animal model.
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