
Introduction
Cystic echinococcosis (CE) is a zoonotic parasitic disease 
caused by the larval stages of cestodes (tapeworms) of 
the Echinococcus granulosus (1). CE usually involves 
various host organs such as the liver (50–70%), lungs 
(less frequently), heart, brain, bones, spleen, and kidneys 
which may even lead to death (2,3). At present, hydatid 
cyst surgery and chemotherapy with benzimidazole 
derivatives (albendazole and mebendazole) are used for 
the treatment of cysts. However, they have their own 
disadvantages. Surgery is not highly recommended since 
it is not completely safe and has various adverse side 
effects; likewise, the use of chemical drugs is not strongly 
suggested due to increased resistance of protoscoleces, 
unfavorable side effects, and teratogenic effects (4-7). The 
main concern in surgery is cyst rupture or leakage of cyst 

contents, leading to secondary infection or the involvement 
of adjacent organs, so different scolicidal agents are used 
to lower this risk (8,9). These agents must have specific 
characteristics in order to be used in surgery such as being 
able to destroy protoscoleces in a low concentration and 
during a short period of time, having no reduction in 
efficacy after being diluted with cyst fluid, and being non-
toxic, safe, and cost-effective. Among the scolicidal agents, 
herbal compounds are of great interest to researchers due 
to their easy availability, few side effects, low toxicity, and 
reasonable cost (10).

Pulicaria gnaphalodes (kak kosh-e byabani) is 
usually consumed as a flavoring agent, herbal tea, and 
medicinal plant. It is an obstinate plant that grows 
mostly in sandy, rocky, and abandoned areas in Saudi 
Arabia, Afghanistan, Pakistan, Iran, India, Iraq, and 
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Abstract
Background: Cystic echinococcosis (CE), caused by the larval stage of the Echinococcus granulosus, is a 
zoonotic disease and has a global distribution. Today, herbal compounds are highly regarded in order to 
inactivate hydatid cyst protoscoleces. This study aimed to compare the scolicidal activity of hydroalcoholic 
extract of Pulicaria gnaphalodes and Alhagi maurorum against hydatid cyst protoscoleces in vitro. 
Methods: The scolicidal activity of P. gnaphalodes and A. maurorum extracts were evaluated at 50, 100, 
150, and 200 mg/mL concentrations following 15, 30, and 60 minutes of exposure. Then, they were 
compared with Albendazole (5 g/100 mL) as positive control and distilled water as negative one in similar 
doses. The viability of protoscoleces was confirmed with a 0.1% eosin stain test under a light microscope. 
The experiments were performed twice, and data were analyzed by GraphPad software version 5.0. 
Results: The results of this study indicated that P. gnaphalodes extract killed 100% of the protoscoleces at a 
concentration of 200 mg/mL after 30 minutes of exposure, but the hydroalcoholic extract of A. maurorum 
at the same concentration and time could kill 90% of protoscoleces. 
Conclusion: The findings of the present study confirmed that P. gnaphalodes had a strong scolicidal effect; 
however; in vivo studies are needed to evaluate the effectiveness of P. gnaphalodes plant. 
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Turkey. This plant has antibacterial, anti-diarrheal, anti-
inflammatory, antioxidant, antihypercholesterolemic, and 
leishmanicidal properties (11). Alhagi maurorum (khar 
shotor-e Irani) is traditionally used in folk medicine as a 
remedy for rheumatic pains, liver disorders, cholagogue, 
gastrointestinal disorders, urinary tracts diseases, 
antiasthmatic, anti-bronchitis, and anti-diarrheal 
activities (12). The current study was conducted due to 
the antimicrobial properties of these plants on parasite 
survival. Accordingly, this study aimed to compare the 
scolicidal effect of hydroalcoholic extract of P. gnaphalodes 
and A. maurorum on hydatid cyst protoscoleces in vitro.

Materials and Methods
Preparation of Protoscoleces
In this experimental study, which was conducted in 2021, 
30 sheep livers and lungs were collected from the industrial 
slaughterhouse of Qom province and transferred to the 
Parasitology Laboratory of the Faculty of Medicine. The 
cyst fluid was aspirated with a sterile syringe, transferred 
to a beaker, and placed at room temperature for 10 mines 
to settle protoscoleces. After 10 minutes, the supernatant 
was discarded, and the protoscoleces were washed three 
times with phosphate buffered saline and stained with 
0.1% eosin to assess the protoscoleces viability (13,14).

Plant Collection
Pulicaria gnaphalodes was collected from the deserts of 
South of Khorasan province (east of Iran) and was identified 
and approved in the botany section of Qom Agricultural 
Research Center. A. maurorum was purchased from the 
medicinal plant shop of Qom province, then both plants 
were milled using an electric grinder.

Preparation of Plant Extracts
The maceration method was used to prepare the 
hydroethanolic extract. Two hundred grams of plant 
material powder was mixed with 800 mL of 70% ethanol 
and placed in a shaker at room temperature for 3 days. The 
materials were passed through three layers of gauze and 

incubated at 37°C until water and alcohol were completely 
evaporated. After the complete evaporation of water and 
alcohol, the dry material was scraped from the bottom of 
the container and stored at 4°C for later use (15).

Evaluation of the Scolicidal Activity of the Plant Extracts 
To evaluate the scolicidal activity of the hydroethanolic 
extracts of the P. gnaphalodes and A. maurorum, plant 
concentrations of 50, 100, 150, and 200 mg/mL in distilled 
water were prepared separately. Half a milliliter of the 
extracts was added to the microtubes, and a drop of 
protoscoleces solution, containing 2103 protoscoleces 
was added. The tubes were quickly spun and incubated 
for 15, 30, and 60 minutes at 37°C followed by removing 
the supernatant. Then, a drop of 0.1% eosin was added to 
the remaining precipitate and spun gently. Furthermore, 
a drop of protoscoleces was placed on a slide, and the 
dead and live protoscoleces were counted using light 
microscopy. The scolicidal activity of P. gnaphalodes 
and A. maurorum extracts were evaluated, along with 
Albendazole (5g/100 mL) as the positive control and 
distilled water as the negative control. Albendazole was 
purchased from Tolide Darouhai Dami Company (Iran). 
To conduct the test correctly and obtain more accurate 
results, the experiments were performed twice (14). 

Statistical Analysis
Data were analyzed by a two-way ANOVA using GraphPad 
Prism software program version 5.0 and expressed as 
mean ± standard deviation. 

Results
Table 1 and Figure 1 present the inactivity of protoscoleces 
of the two extracts. The scolicidal effect after 15, 30, and 60 
minutes of exposure to 50 mg/mL of P. gnaphalodes and 
A. maurorum were 33.33%, 37%, and 40.67% as well as 
47.33%, 50%, and 80.67%, respectively.

The scolicidal effect after 15, 30, and 60 minutes 
of exposure to 100 mg/mL of P. gnaphalodes and A. 
maurorum were 46.2%, 45%, and 53% as well as 60%, 

Table 1. The Scolicidal Activity of Pulicaria gnaphalodes and Alhagi maurorum Extracts on Cystic Echinococcosis 

Concentration Time P. gnaphalodes A. maurorum Positive Control Negative Control

50 mg/mL

15 min 33.33 ± 1.15 47.33 ± 1.15 100 ± 0.00 4.66 ± 0.57

30 min 37 ± 1.00 50 ± 1.00 100 ± 0.00 4.66 ± 1.00

60 min 40.67 ± 2.08 80.67 ± 2.08 100 ± 0.00 4.33 ± 0.57

100 mg/mL

15 min 46.2 ± 2.00 60 ± 2.00 100 ± 0.00 4.66 ± 0.57

30 min 45 ± 1.52 75 ± 2.00 100 ± 0.00 4 ± 1.00

60 min 53 ± 2.08 82 ± 2.51 100 ± 0.00 4.33 ± 0.57

150 mg/mL

15 min 57 ± 2.08 80 ± 1.08 100 ± 0.00 4.66 ± 0.57

30 min 61 ± 1.52 85.67 ± 3.05 100 ± 0.00 4 ± 1.00

60 min 80 ± 1.5 90.67 ± 0.57 100 ± 0.00 4.33 ± 0.57

200 mg/mL

15 min 1.0087 ± 86.33 ± 1.15 100 ± 0.00 4.66 ± 0.57

30 min 100 ± 1.50 87.67 ± 1.50 100 ± 0.00 4 ± 1.00

60 min 100 ± 0.75 90 ± 0.57 100 ± 0.00 4.33 ± 0.57
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75%, and 82%, respectively. Moreover, the scolicidal 
effect after 15, 30, and 60 minutes of exposure to 150 mg/
mL of P. gnaphalodes and A. maurorum were 57%, 61%, 
and 80% as well as 80%, 85%, and 90.67%, respectively. 
In the same way the scolicidal effect after 15, 30, and 60 
minutes of exposure to 200 mg/mL of P. gnaphalodes 
and A. maurorum were 87%, 100%, and 100% as well as 
86.33%, 87.67%, and 90%, respectively. Furthermore, the 
inactivity of protoscoleces in the negative and positive 
control groups at the indicated time were 4.66% and 
100%, respectively.

Discussion
Nowadays, many scolicidal agents such as hypertonic 
saline, mannitol, chlorhexidine gluconate, plant extracts, 
nanoparticles, and the like have been used to inactivate 
hydatid cyst protoscoleces, but many of these agents 
have adverse effects that limit their use (5). Among the 
scolicidal agents, herbal compounds are of great interest 
to researchers due to their easy availability, fewer side 
effects, low toxicity, and reasonable cost. This study 
strived to compare the scolicidal effect of hydroalcoholic 
extract of P. gnaphalodes and A. maurorum on hydatid 
cyst protoscoleces in vitro.

The results of this study indicated that the hydroethanolic 
extract of P. gnaphalodes and A. maurorum had scolicidal 
activity in all concentrations, but P. gnaphalodes had a 
higher scolicidal effect compared to A. maurorum in all 
concentrations and times. On the other hand, the results 
revealed that P. gnaphalodes extract kills 100% of the 
protoscoleces at a concentration of 200 mg/mL after 30 and 
60 minutes of exposure, but A. maurorum extract could 
kill 90% of the protoscoleces at the same concentration 
and time. In both extracts, scolicidal activity increased by 
increasing the concentration and time of exposure. The 

lowest scolicidal effect of each extract at a concentration 
of 50 mg/mL after 15 minutes of exposure to protoscoleces 
was 33.33% and 47.33%, respectively.

The scolicidal effects of A. maurorum extract in all 
receiving groups at all concentrations except 50 mg/mL 
for 15 minutes were significant compared to the negative 
control (P < 0.05). In both extracts, the increase in lethal 
effects was dose-dependent and significant (P < 0.05), 
while a significant difference (P < 0.05) was observed in 
the groups receiving A. maurorum extract compared to 
the positive control group (receiving albendazole). 

 The effect of the aqueous extract of Punica granatum 
(sour pomegranate) against protoscoleces was studied, and 
it was concluded that the concentration of 80 mg has the 
greatest effect after 15 minutes and causes the elimination 
of 100% of protoscoleces (16). The scolicidal activity 
of aqueous and alcoholic extracts of Peganum harmala 
was studied, and the results confirmed that the aqueous 
extract of P. harmala has a weaker and insignificant effect 
on protoscoleces compared to its alcoholic extract, while 
alcoholic extract caused 100% mortality of protoscoleces 
at the same concentration and time (17). Another study 
investigated the activity of aqueous and hydroalcoholic 
extract of Berberis vulgaris (barberry fruit) on hydatid cyst 
protoscoleces. The results displayed that aqueous extract 
in 5 minutes and hydroalcoholic extract in just 2 minutes 
kill all protoscoleces (18). The lethal effect of Lepidium 
sativum on protoscoleces exhibited that the concentration 
of 15 mg has the greatest effect after 60 minutes (10). In 
another research, the lethal effect of methanol extract from 
pomegranate root was investigated, and the concentration 
of 0.1% in 6 hours had the strongest scolicidal effects (19).

 In a study, Ceratonia silique extract at a concentration 
of 50 mg/mL caused the destruction of all protoscoleces 
after 30 minutes (20). Furthermore, a concentration of 

Figure 1. The Scolicidal Activity of Pulicaria gnaphalodes and Alhagi maurorum on Cystic Echinococcosis
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100 mg/mL of Zingiber officinale killed all protoscoleces 
in 40 minutes, while Artemisia aucheri extract had little 
effect at all concentrations (21).

The result of the chloroformic extract of Allium sativum 
on protoscoleces confirmed its highest scolicidal activity 
at a concentration of 200 mg/mL (22). Another study 
found that the methanolic extract of Zataria multiflora 
destroys 100% of the protoscoleces at concentrations of 10 
mg/mL and 25 mg/mL during 3 minutes and 1 minute, 
respectively (23).

In another study, the concentration of 10 mg/mL of 
Nigella sativa essential oil removed all protoscoleces (24). 
The scolicidal effect of the hydroalcoholic extract of Taxus 
baccata at a concentration of 150 mg/mL was 66.6% (25). 
The comparison of scolicidal effects of hydroalcoholic 
extracts of Calendula officinalis, Artemisia dracunculus, 
Artemisia absinthium, and Ferula asafoetida revealed 
that Artemisia absinthium and Ferula asafetida remove 
100% of the protoscoleces at a concentration of 250 mg/
mL after 60 minutes, while the concentration of 250 mg/
mL of hydroalcoholic extract of Calendula officinalis 
and Artemisia dracunculus removes 42.33% and 65.67%, 
respectively (26).

It appears that the difference in the results of this study 
with identical studies is due to the differences in the type of 
plant, extract, concentration, and time of exposure, as well 
as the difference in the measurement units. Moreover, the 
results of this study indicated that the scolicidal activity 
of the hydroalcoholic extract of P. gnaphalodes removed 
100% of the protoscoleces at a concentration of 200 
mg/mL after 30 minutes of exposure. Therefore, it was 
concluded that this plant has the potential to be used in 
hydatid cyst surgery as an effective scolicidal agent. This 
investigation was done in vitro, so it is necessary to do it 
in vivo to check its possible side effects on internal organs. 
This study would have been more accurate if the strain of 
the parasite had been determined.
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