
Introduction 

Echinococcosis, cystic echinococcosis,

hydatidosis, or cystic hydatid disease is among the

most neglected parasitic diseases. Human

echinococcosis is a neglected zoonotic infection

caused by larval forms (metacestodes) of taeniid

tapeworms belonging to the Echinococcus

granulosus sensu lato complex found in the small

intestine of carnivores [1]. Hydatid disease is one of

the most important cosmopolitan parasitic zoonotic

diseases affecting humans and can cause damage to

multiple organs such as the liver and lungs [2,3].

Echinococcosis is listed by the World Health

Organization (WHO) among the neglected tropical

diseases (NTDs) which cause devastating health,

social and economic consequences to more than one

billion people and their public health control is

challenging [4].  

Cystic echinococcosis is reported to be highly

endemic in pastoral communities in different

regions in South America, the Mediterranean

region, Eastern Europe, Central and East Africa, the

Near and the Middle East, North Africa, China, and

Russia, with several millions of humans are infected

[5–7]. 
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ABSTRACT. Echinococcus granulosus is the etiologic agent of cystic echinococcosis. Numerous research studies have

been conducted on natural scolicidal agents to inactivate protoscolices during surgery. This study was undertaken to

compare the in vitro scolicidal effects of hydroalcoholic extracts of Calendula officinalis, Artemisia dracunculus,

Artemisia absinthium and Ferula assafoetida. The scolicidal activities of the extracts were tested at different

concentrations following incubation periods of 10, 30 and 60 min. The chemical composition of the hydroalcoholic

extracts were analyzed using Gas Chromatography-Mass Spectrometry (GC-MS). The major chemical components of

C. officinalis, A. dracunculus, A. absinthium and F. assafoetida were identified as n-Docosane (14.17%), 2H-1-

benzopyran-2-one, 7-methoxy (54.96%), n-Docosane (9.72%) and 2-methoxy-3-methyl-butyric acid, methyl ester

(13.9%), respectively. The results showed that the hydroalcoholic extracts of A. absinthium and F. assafoetida at a

concentration of 250 mg/ml resulted in killing 100% of the protoscolices at 60 minutes, while the concentration of 250

mg/ml of hydroalcoholic extract of C. officinalis and A. dracunculus resulted in killing 42.33% and 65.67%,

respectively. The findings of the present study showed that A. absinthium and F. assafoetida have potent scolicidal

effects. However, additional in vivo studies are required to confirm the efficacy of these plant-derived extracts against

hydatid cyst for their clinical use. 
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There are two therapeutic options for treating
hydatid cyst including surgery (invasive or
percutaneous) and chemotherapy [5]. The current
chemotherapeutic agents for the treatment of
hydatid cyst are mebendazole and albendazole.
Adverse side effects of such drugs may include
abnormalities in liver function, abdominal pain,
diarrhea, nausea, dizziness, headache, and
teratogenic effects [8,9]. Scolicidal agents are used
in surgery to help minimize the impact of any
possible spillage and dissemination of viable
protoscolices. An effective scolicidal agent is
characterized by acting at low concentrations over a
short exposure time and being stable after dilution
with cyst fluid, non-toxic, low cost, and easily
available [10,11]. Numerous research studies have
been conducted on scolicidal agents to inactivate
protoscolices during surgery. There is an interest to
identify alternative plant-derived scolicidal agents
that are readily available at low cost, have minimal
side effects, and are less toxicity than the currently
used chemotherpatic scolicidal agents. 

Calendula officinalis (C. officinalis) belongs to
the family Asteraceae and has been traditionally
used in the treatment of organ inflammation,
gastrointestinal ulcers, dysmenorrhea, and chronic
infections. C. officinalis has antipyretic, anti-tumor,
cicatrizing, antimicrobial, antifungal, and antiseptic
properties, and it is used in the treatment of marks,
freckles, sprain conjunctivitis, mental tension and
insomnia [12].

Artemisia dracunculus (A. dracunculus) and
Artemisia absinthium (A. absinthium) belong to the
family Asteraceae. The plants have several
therapeutic properties such as antispasmodic, and
antiflatulence effects, and remove impurities, heal
mouth ulcers and may prevent cancer, antiparasitic
(leishmaniosis), insecticide, antifungal, anti -
coagulant, anti-hyperlipidemia, prevent heart disease
and high blood pressure, and are useful for
atherosclerosis, eliminate alimentary canal disorders,
nervous disorder, bad breath, and appetite
suppressant properites [13]. 

Ferula assafoetida (F. assafoetida) is a herbal
plant whose gum oleoresin is used in cooking and as
a digestive agnet. F. assafoetida grows wild in the
central and southern mountains of Iran. The gum
oleoresin is called “anghouzeh”, “khorakoma”, or
“anguzakoma” in Iran. The plant, which belongs to
the family Apiaceae, is an herbaceous everlasting
that grows to about two meters in height with an
unpleasant odor [14]. F. assafoetida is also used to

treat asthma, alimentary canal disorders, and
intestinal parasites [15]. The oleoresin gum has
antifungal, antidiabetic, antiinflammatory, anti -
mutagenic, and antiviral properties [16]. The
solicidal effect of such plants was not been
previously explored. The present study was
undertaken to determine and compare the in vitro

scolicidal effect of the hydroalcoholic extracts of C.

offi cinalis, A. dracunculus, A. absinthium and F.

assa foetida. 

Materials and Methods

Preparation of protoscolices

Thirty hydatid cysts were collected from the
liver and lungs of naturally infected sheep from
Tabriz industrial slaughterhouse and transferred to
the parasitology laboratory of the Faculty of
Veterinary Medicine in University of Tabriz. The
cyst fluid was aspirated using a sterile syringe. The
cyst fluid was transferred to a glass container and
immobilized at room temperature for 30 minutes.
The supernatant was discarded and the protoscolices
were washed three times with PBS. Protoscolices
were stained using 0.1% eosin to assess their
viability. Batches of protoscolices that were over
90% viable were selected for further testing. 

Plant collection

F. assafoetida was collected from the Tabas region
(Yazd Province) in Iran. The plant species was
confirmed by botanists from Yazd Agricultural
Research, Yazd, Iran (with herbarium number 1360).
In the present study, C. officinalis, A. dracunculus

and A. absinthium were purchased from herb shop in
East Azerbaijan province, and the species was
identified and confirmed by the East Azerbaijan
Agricultural Research Center, Tabriz, Iran (with
herbarium numbers 350, 720 and 722, respectively).
The gum of F. assafoetida and arial parts of C.

officinalis, A. dracunculus and A. absinthium were
ground into a powder form using an electrical
blender. The powder obtained from each dried plant
was dissolved in 100 ml of 70% ethanol and were
kept overnight at room temperature. 

Preparation of plant extracts

The hydroethanolic extracts of the plants were
prepared by maceration of 100 g of the dried
powdered plants in 70% aqueous ethanol for three
days at room temperature, then filtrated through
filter paper (Whatman Ltd., Buckinghamshire, UK).
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The alcohol in the sample was removed by a vacuum
rotary evaporator (Model VV 2000, Heidolph,
Germany). The extracts were concentrated using an
incubator at a temperature of 37°C to obtain a dry
powder extract.

Evaluation of the in vitro scolicidal activity of the

plant extracts 

In order to determine the scolicidal effect of the
four plant extracts, the hydroalcoholic extracts were
added to distilled sterile water to obtain 50, 100,
150, 200 and 250 mg/ml dilutions. One ml of the
extracts was poured into a microtube and a drop of
protoscolices (2000 protoscolices) was added. The
contents of the tubes were quickly mixed and
incubated at 37°C for 10, 30, and 60 minutes, then
the supernatant was discarded. To assess the
viability of the protoscolices, a 0.1% solution of
eosin stain was added to the bottom tube

protoscolices and mixed gently, which were later
spread on a glass slide, covered with a cover slip
(24×50 mm), and examined using a light
microscope. The number of dead protoscolices was
determined by counting at least 500 of them. The
experiments were performed in triplicate. Normal
saline and mebendazole (5g/100 ml) solutions were
used as negative and positive controls, respectively.

Gas Chromatography-Mass Spectrometry (GC-MS)

analysis 

Chromatographic analysis was performed using
Gas Chromatography-Mass Spectrometry instrument
(Agilent19091S-433) (Agilent Technologies, CA,
USA). The hydroethanolic extract was mixed with
hexane (Merck KGaA, Darmstadt, Germany) (1:1),
and the solution was placed on the shaker for 1 hour
until it was homogeneously mixed. Then the mixture
was put in a separator, kept for 15 minutes to form a
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Table 1. The scolicidal effects of C. officinalis, A. dracunculus, A. absinthium and F. asafoetida extracts at various
concentrations and exposure times against hydatid cysts of E. granulosus

Concentration
of the extract

Time of
exposure

C. officinalis A. dracunculus A. absinthium F. assafoetida Positive control
Negative
control

50 mg/ml 10 min 8 ± 1.00 5.33 ± 1.52 70 ± 2.00 8.33 ± 1.15 100 ± 0.00 4.66 ± 0.57

30 min 11 ± 1.00 29.67 ± 1.53 75 ± 2.00 20 ± 1.00 100 ± 0.00 4 ± 1.00

60 min 10.33 ± 1.52 53.33 ± 2.08 82.67 ± 2.51 60.67 ± 2.08 100 ± 0.00 4.33 ± 0.57

100 mg/ml 10 min 11.67 ± 1.52 22.67 ± 2.30 89 ± 1.00 56 ± 2.00 100 ± 0.00 4.66 ± 0.57

30 min 12.67 ± 1.52 35 ± 2.64 83.67 ± 1.52 83 ± 2.00 100 ± 0.00 4 ± 1.00

60 min 13.33 ± 2.08 42.67 ± 2.51 89 ± 1.00 87 ± 2.51 100 ± 0.00 4.33 ± 0.57

150 mg/ml 10 min 12.33 ± 1.52 48.67 ± 1.52 91.67 ± 1.52 68 ± 6.08 100 ± 0.00 4.66 ± 0.57

30 min 13.67 ± 1.52 54 ± 1.00 93.67 ± 1.15 85.67 ± 3.05 100 ± 0.00 4 ± 1.00

60 min 15 ± 2.64 60.67 ± 2.08 95.33 ± 1.52 94.67 ± 0.57 100 ± 0.00 4.33 ± 0.5

200 mg/ml 10 min 21.67 ± 2.08 60 ± 2.00 95.67 ± 0.57 90.33 ± 1.15 100 ± 0.00 4.66 ± 0.57

30 min 24 ± 2.00 61.33 ± 2.51 96 ± 1.00 91.67 ± 1.50 100 ± 0.00 4 ± 1.00

60 min 28.33 ± 1.52 62 ± 2.00 97 ± 1.00 95.67 ± 0.57 100 ± 0.00 4.33 ± 0.57

250 mg/ml 10 min 34.33 ± 4.04 61 ± 2.00 97.33 ± 0.57 97 ± 1.00 100 ± 0.00 4.66 ± 0.57

30 min 38 ± 2.00 64.33 ± 1.15 98.67 ± 0.57 97.67 ± 0.57 100 ± 0.00 4 ± 1.00

60 min 42.33 ± 2.51 65.67 ± 2.08 100 ± 0.00 100 ± 0.00 100 ± 0.00 4.33 ± 0.57



double phase and the hexane phase was isolated and
injected into the GC/MS instrument for analysis.

Statistical analysis

Data were analyzed using GraphPad Prism
software program version 5 and expressed as a
mean ± SD. Data were analyzed by a two-way
ANOVA and Student’s two-tailed t-test for the
comparison between the test and control.

Ethical statement

The study project was approved by the ethics
committee of University of Tabriz approval number
IR.TU.REC.1398.10 (Code Project: 39114). A
permission was granted by Tabriz industrial
slaughterhouse to collect liver tissue samples from
the animals for this study. 

Results

Findings of the present study showed that A.

absinthium and F. assafoetida extracts at a
concentration of 250 mg/ml killed 100% of
protoscolices after 60 minutes of exposure, while
the concentration of 250 mg/ml of C. officinalis and
A. dracunculus resulted in killing 42.33% and
65.67%, respectively at the same exposure time.
The scolicidal effect of A. dracunculus extract at the
concentration of 50 mg/ml at 10 minutes exposure

time was lower (5.33%). Among the four plant
extracts, A. absinthium has the highest scolicidal
activity (70%) at the lowest concentration and
lowest time (50 mg/ml at 10 minutes). The mortality
rate of hydatid cyst protoscolices after exposure
times to different concentrations of the
hydroalcoholic extracts of the four plants are shown
in table 1 and figure 1.

Gas Chromatography-Mass Spectrometry (GC-
MS) analysis showed that the major constituent of C.

officinalis is n-Docosane (14.17%), A. dracunculus is
2H-1-benzopyran-2-one, 7-methoxy (54.96%), A.

absinthium is n-Docosane (9.72%) and that of F.

assafoetida gum is 2-methoxy-3-methyl-butyric acid,
methyl ester (13.9%). The results of GC/MS analysis
of the plant extracts were shown in figures 2–5. The
results showed that A. absinthium and F. assafoetida

significantly killed the protoscolices and these plant
derived extracts are recommended to be used as a
potential scolicidal agent of plant origin.

Discussion 

So far, many scolicidal chemotherapeutic agents
have been used to inactivate protoscolices, however
their therapeutic use is limited due to their reproted
harmful side effects. Adverse side effects have been
reported for hypertonic saline (20%), cetrimide
(0.5–1%), silver nitrate (20%), ethyl alcohol (95%)
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Figure 1. The scolicidal effects of C. officinalis, A. dracunculus, A. absinthium and F. assafoetida extracts at various
concentrations and exposure times against hydatid cysts of E. granulosus



Figure 2. Gas-Chromatography/Mass Spectrometry (GC-MS) analysis of C. officinalis extract 

Figure 3. Gas-Chromatography/Mass Spectrometry (GC-MS) analysis of A. dracunculus extract
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and albendazole sulfoxide (20 mg/ml) [17]. A
number of studies reported the antimicrobial
inhibitory effects of C. officinalis, A. dracunculus,
A. absinthium and F. assafoetida [12,13,16]. In the
present study, the solicidal effects of hydroalcoholic
extracts of four plants on the protoscolices of
hydatid cyst were determined for the first time. The
findings of the present study showed that A.

absinthium and F. assafoetida extracts at a
concentration of 250 mg/ml killed 100% of
protoscolices after 60 minutes of exposure, while
the concentration of 250 mg/ml of C. officinalis and
A. dracunculus resulted in killing 42.33% and
65.67%, respectively at the same exposure time. 

The antiparasitic effects of the four plants tested in
the present study were previously reported, including
the anti-leishmaniosis activity of C. officinalis flower
on Leishmania major promastigotes [18], anti-
leishmanicidal activity against L. donovani

amastigote, anti-trypanosomal activity against Trypa -

nosoma brucei [19], anti-Trichomonas activity against
Tri chomonas vaginalis [20], anti-leishmaniosis
activity of A. dracunculus on Leishmania major

promastigotes [21,22], schistosomicidal activity of A.

absinthium against Schistosoma mansoni worm [23],
antiparasitic activity of A. absinthium against Hyme -

nolepis nana worm [24], antiparasitic activity of A.

absinthium on Nosema ceranae (Microsporidia) [25],
anti-leishmaniosis activity of A. absinthium on Leish -

mania amazonensis and L. major promastigotes
[26,27], antiparasitic activity of F. assafoetida on
Strongylus spp., Haemonchus contortus, protoscolices
of E. granulosus [28–30], anti-Trichomonas activity
of F. assafoetida against T. vaginalis [31], and anti-
giardiosis activity of F. assafoetida [32].

The effect of a methanolic extract of Allium

sativum on protoscolices was previously determined
and it showed a high scolicidal activity (100%) at a
concentration of 25 mg/ml at 60 min [33]. It was
previously reported that a chloroform extrcat of A.

sativum high protoscolicidal activity (99.58±1.63)
at a concentration of 200 mg/ml. It was previously
reported that 10 mg/ml and 25 mg/ml of methanolic
extracts of Zataria multiflora killed 100% of
protoscolices after 3 min and 1 min, respectively
[34]. Recently, the hydroalcoholic extract of Taxus

baccata L. at a concentration of 150 mg/ml was
previously reported to kill 66.6% of the
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Figure 4. Gas-Chromatography/Mass Spectrometry (GC-MS) analysis of A. absinthium extract



protoscolices at 60 minutes [35]. It was previously
reported that protoscolices were killed following 10
min of exposure time at concentrations higher than
17 μg/ml of the essential oil of Z. multiflora [36].
Mahmoudvand et al. [37] reported that the essential
oil of Nigella sativa (the blackseed) at a
concentration of 10 mg/ml following 10 min
exposure time eliminated 100% of protoscolices.
The scolicidal effect of barberry (Berberis vulgaris)
extract was reported to be 100% following 5 min
exposure at 4 mg/ml [38]. The scolicidal effect of
Ajowan (Trachyspermum ammi) essential oil was
observed at a concentration of 10 mg/ml following
10 min exposure time [39]. In vitro scolicidal effect
of Satureja khuzistanica essential oil at
concentrations of 5 and 10 mg/ml, was 100% [40].
The differences in the results of different studies
may be explained by the differences in plants,
concentrations and time of exposure. The results of
the present study showed that A. absinthium and F.

assafoetida have more scolicidal properties than C.

officinalis and A. dracunculus. A. absinthium and F.

assafoetida have potential for use as plant derived in
hydatid cyst surgery. Out of the four tested plants in
the present study, A. absinthium and F. assafoetida

showed the highest scolicidal effect. GC-MS
analysis revealed the major chemical components of
A. absinthium and F. assafoetida were identified as
n-Docosane (9.72%) and 2-methoxy-3-methyl-
butyric acid, methyl ester (13.9%) respectively, but

the n-Docosane can not play a major role as an anti-
parasitc component because it is 14.17% in the C.

officinalis plant and probably components other
than the n-Docosane may have anti-parasitic
properties. In case of F. assafoetida plant, most of
the extract components was 2-methoxy-3-methyl-
butyric acid, methyl ester (13.9%), which may have
anti-parasitic properties along with other
components. Further in vivo investigations on the
four plant extracts and their individual chemical
constituents are required to delineate the scolicidal
properties of the four plants tested in the present
study before the potential clinical applications of
these plants can be determined. 
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