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Abstract

Hydatidosis is a substantial zoonosis infection with a significant socio-economic burden. Surgery is the
most effective treatment of hydatidosis. The utilization of scolicidal agents is a method to minimize the
risk of distribution of infective protoscoleces during surgery. So far, most of the available scolicidals
result in local or systemic side effects. Considering essential oils of Artemisia dracunculus and Satureja
sahendica have shown several bioactivities, we decided to characterize A.dracunculus and S.sahendica
nanoemulsions and evaluate the scolicidal activity of these two nanoemulsions and the EOs using
albendazole as positive control. To reach this goal, 10 2 protoscoleces of E.granulosusin 1 ml medium
M199 were exposed to four concentrations of 1, 2, 5, and 10 pg/ml of EOs and nanoemulsions at 30, 60,
and 120-minute time points. For all tested plants, a significant effect of the treatments (F5,60=61.47,
P<0.001), the time of exposure (F2,120=170.72, P<0.001) and their interaction (F10,120=4.32, P<0.001)
were noted. The overall mortality rate in protoscoleces after exposutre to S. sahendica nanoemulsion was
significantly higher than other treatments and it was 83.13% (P¥0.05). Among all the tested compounds
of the present study, nanoemulsion of S.sahendica demonstrated the highest toxicity on protoscoleces
and may serve as a candidate for research and development on novel scolicidas.

Introduction

Hydatidosis caused by metacestodes of Echinococcus granulosus is a substantial zoonosis infection
with a significant socio-economic burden, affecting both humans and herbivore animals worldwide. Eggs
are disposed in the environment from mature cestodes that live in the small intestine of carnivorous.
Fallowing ingestion of the eggs, metacestodes generate fluid-filled cystic structures, sometimes
containing great numbers of protoscoleces inside it. Cysts can affect any organ of body and make
clinical feature(s) depending on the infected organ (Sachar et al. 2014).

Surgery is the most effective treatment of hydatidosis. One of the main difficulties associated with
hydatidosis surgery is rupture and distribution of infective protoscoleces during surgery. A method to
control complicated hydatidosis surgery is utilization of scolicidal agents to rule out possible re-infection
occurrence. So far, most of the available scolicidals result in local or systemic side effects (Rouhani et al.
2013). Recent researches have focused on new resources especially safe herbals to find plant-derived
compounds with scolicidal activity. Thus, we need to find novel and potent medicinal herbs with higher
effectiveness and lower side effects to improve the treatment procedure of hydatidosis.

Plant biologically active compounds are used broadly in natural product investigations to spot new
sources of antiparasitic agents. Satureja sahendica Bornm. (Labiatae family) is a native plant of western
and northwest of Iran. SSB is a late-blooming species (late summer and fall), growing on rock walls and
rocky hills (Alizadeh et al. 2013). Several bioactivities, including antibacterial and antifungal, have been
reported for the EO of S.sahendica (Yousefzadi et al. 2012). Kheirandish and coworkers (2011) reported
antileishmanial effect for S.khuzestanica, another member of the Labiatae family (Kheirandish et al.
2011). Artemisia dracunculus L. (tarragon) (Asteraceae family) is a perennial plant (Alasvand Zarasvand
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et al. 2016) that is spread over nearly all temperate Asia, western North America, and central Europe
(Zarezade et al. 2018). The EO of A.dracunculus L. is rich of alkaloids, flavonoids and glycosides. Mueller
et al. (2004) have reported the antitumor, antifungal and insect repellent effects of A.dracunculus (Mueller
et al. 2004). Furthermore, it has been showed that A.dracunculus possesses the most antileishmanial
effect between all Artemisia species (Emami et al. 2012).

In the recent decade, nanotechnology has provided a promising potential for research and development
of novel delivery systems that resulted in the better delivery of the drug to its site of action, increase in
therapeutic efficacy, reduction in the needed dose, and consequently decrease in the side effects.
Nanosystems have the advantages of promoting absorption, distribution and tissue uptake of the drug
alongside protecting the active substance from degradation (Echeverria & Albuquerque, 2019). Several
studies have reported higher efficacy of nano-based delivery systems of EOs on pathogenic organisms
(Baldissera et al. 2013; de Moraes et al. 2018; Pavoni et al. 2019).

Based on the above, herein we decided to develop and characterize A.dracunculus and S.sahendica
nanoemulsions and evaluate the scolicidal activity of these two nanoemulsions and the EOs against
hydatid cysts protoscoleces. Also, compare the activities with albendazole as the standard treatment of
hydatid cyst.

Materials And Methods
Preparation of nanoemulsions

A.dracunculus and S.sahendica EO were prepared by hydrodistilation and stored at dark and cold place
(4°C). The maximum ability of EOs to solubilized in Milli-Q water (Merck Millipore, France) in nanoscale
was investigated by Shahavi et al., 2019, and 2016 (Shahavi et al. 2016; Shahavi et al. 2019). This
method mixed oil and water phases by creating ultrasonic waves and causes the scattered phase
particles to be dispersed more evenly in a nano size in the continuous phase. For this purpose, the
synthesis grade of Sorbitan monolaurate (Span 80™, Merck, Germany), and Poly sorbitan monooleate
(Tween 80™, Merck, Germany) at the weight ratios 56:44 was employed as the carrier of the
A.dracunculus and S.sahendica oils to water nanoemulsions. EOs at concentrations of 1000 to 2000
pl/ml, with Milli-Q water and mixture of 5 wt% surfactants were blended. After that, the nanoemulsions
were transferred to an ultrasonic processor (UP400S, Dr Haschler, Germany) with a maximum power of
400 W and frequency of 20 kHz with the ultrasonic time of 300 seconds, and the ultrasonic device
prepared the stable nanoemulsions with the ultrasonic cycle of 0.75% and ultrasonic intensity of 208
W/cm?2. Finally, the nanoemulsions droplet size distribution and mean size were determined by dynamic
light scattering (Zetasizer Nano Series, ZEN 3600, Malvern, UK). Measurements were made at 25°C, and
each measurement was performed three times. The Zetasizer Software (version 7.13) was used to collect
and analyze the data.

Collection of hydatid cyst protoscoleces
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Infected sheep livers were provided from slaughterhouse in Amol, Mazandaran province, Iran, and
transferred to the parasitology laboratory of veterinary medicine faculty, Islamic Azad University, Babol
Branch, Iran. The livers surfaces were washed and disinfected with 70% alcohol-soaked cotton, and the
contents of cysts, including E. granulosus protoscoleces and fluids, were drained into sterile Erlenmeyer
flasks. Afterwards, the protoscoleces were allowed to settle, then the supernatant was discarded, and the
remained protoscoleces sand washed three times with normal saline. On average, for each wash step, 20
minutes were spent for settling and carefully removing liquids and holding the protoscoleces.

Viability test of the protoscoleces

To determine the viability of protoscoleces, 0.1% eosin staining method was used. In this method, after
exposure to the eosin, dead protoscoleces were colored red, while, alive ones did not absorb the color.
Viability was measured by counting the alive and dead protoscoleces in at least five microscopic slides.

In vitro scolicidal activity

Herein, we compared the scolicidal effect of S.sahendica and A.dracunculus EOs and their
nanoemulsions relative to albendazole, the standard drug. To reach this goal, 10 3 protoscoleces of
E.granulosusin 1T ml medium M199 were exposed to four concentrations of 1, 2, 5, and 10 pg/ml of EOs
and nanoemulsions at 30, 60, and 120-minute time points. Albendazole at the concentration of 2 pg/ml
was used as positive control. The negative control group did not receive any treatment except a one
percent concentration of DMSO that was used as co-solvent in all of the treated groups. All of the treated
wells were incubated at 37°C. At time points of 30, 60, and 120 minutes, after exposure, mortality rates
were recorded for all of the tested compounds. Scolicidal assay for each concentration of the tested
compounds at each time point was done in triplicate.

Statistical analysis

Repeated measures ANOVA followed Bonferroni post hoc test was used to analyze differences in
different exposure times for each concentration of the tested compounds. Differences between the
means of mortality rate for a different tested compound at each time point (30, 60, and 120 min) were
analyzed by one-way analysis of variance (ANOVA) followed by Tukey- HSD post hoc test. Fifty and
ninety percent lethal concentrations (LCsy and LCqy) were calculated by Probit regression analysis. Data
analysis was performed using SPSS (version 25.0) (SPSS Inc., USA). For all analyses, (P <0.05) was
considered statistically significant.

Results
Particle size analysis

Particle size analysis includes mean diameter and polydispersity index (PDI). PDI is uses for estimation
of the average uniformity of a particle solution. Figure 1 (A) shows the mean diameter of nanoemulsion
of Satureja sahendica EO and (B) Artemisia dracunculus EO. Mean diameter of nanoemulsion of S.
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sahendica EO and A. dracunculus EO were 81.3 and 88.2 nm, respectively. Nanoemulsion of S. sahendica
and A. dracunculus s showed PDI values of 0.22 and 0.39, respectively. These results indicated that these
formulated nanoemulsions were in nanometric scales.

Zeta potential

Particle surface charges of nanoemulsions of S. sahendica EO (A) and A. dracunculus EO (B) were
showed in Fig. 3. Mean zeta potential of nanoemulsions of S. sahendica and A. dracunculus were - 43.0
and - 44.6 mV, respectively.

Scolicidal effects

Table 1 shows the mortality rates of E. granulosus protoscoleces over different times of exposureto S.
sahendica and A. dracunculus, and their nanoemulsions in comparison to albendazole and the negative
control. For all tested plants, a significant effect of the treatments (F5,60 = 61.47, P<0.001), the time of
exposure (F2,120=170.72, P<0.001) and their interaction (F10,120 = 4.32, P<0.001) were noted. The
overall mortality rate in protoscoleces after exposutre to S. sahendica nanoemulsion was significantly
higher than other treatments and it was 83.13% (P0.05), while overall scolicidal activity of A.
dracunculus nanoemulsion was equal to 71.13% and did not showed significant difference relative to S.
sahendica EO (68.62%) (P>0.05). A. dracunculus EO (46.44%) caused lower mortality rates in
protoscoleces in comparison to S. sahendica. The mean mortality rate of protoscoleces in each treatment
shows a significant difference between the three time points of the study. However, in the control group
and albendazole, there was just a significant difference between 30 and 120 min time points (P¥0.05).
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Total killing effect of Satureja sahendica and Artemisia dracunculus, and their nanoemulsions at different

Table 1

time points (30, 60, and 120 min) on protoscoleces of Echinococcus granulosus

Treatment Time Total
30 60 120
Satureja sahendica EO aA5Q 33 + bAg7 80 + cA78 73 + A68 62 +
10.30 12.35 10.59 10.78
Satureja sahendica 287626 + bBg3.00+ °B90.13 Bg3.13 +
nanoemulsion 10.51 11.28 8.95 9.93
Artemisia dracunculus EO aC40.66 + bC45 86+ ©C52.80 + C46.44 +
8.95 10.37 12.11 10.06
Artemisia dracunculus aA63.00 + bA71.33 4 cA79.06 + A71.13
nanoemulsion 9.21 9.40 10.02 9.28
Control aPp.66+0.57 3P2.33+ bD500+1.00 P2.66+0.57
0.57
Albendazole aD1133+ abD15 66 + bD24.00 + D17.00+
1.15 0.57 1.00 0.66
P-value 0.001 0.001 0.001 0.001
*Values are means + SD of three replicates. **The different superscripts a,b,c in the same row indicate
significant differences (P< 0.05). ***The different superscripts AB,C,D in the same column indicate
significant differences (P<0.05).

As can be observed in Fig. 3, S. sahendica EO showed a potent scolicidal activity against the
protoscoleces of E. granulosus. Indeed, after 30 min of treatment, this plant EO at 25 pg/ml
concentration, killed 48.66% of the parasites. On the other hand, its nanoemulsion at the same dose and
time point resulted in more toxicity on protoscoleces, with 57.33% mortality rate. Also, after 30 min of
treatment at 25 pg /ml, the A. dracunculus in the form of nanoemulsion was more effective than the EO
(52.66 vs 33% mortality rate). S. sahendica and A. dracunculus, and their nanoemulsions at the
concentration of 400 ug /ml after 120 min treatment, achieved significant scolicidal activity with
mortality rates of 92, 100, 71.33, and 92.66%, respectively. Results showed that in both forms of EO and
nanoemulsion S. sahendica was more effective than A. dracunculus against E. granulosus protoscolices.

Table 2 shows the 60 minute LC5y and LCqy values of the studied compounds on E. granulosus

protoscoleces. S. sahendica nanoemulsion and A. dracunculus nanoemulsion were the most effective
treatment against protoscoleces with LCsq values of 10.60 and 11.48 pg /ml, respectively. Moreover,

based on the obtained LCs values, EO of S. sahendica was more effective than A. dracunculus (LCsy:
25.37 vs 213.35 ug /ml).
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Table 2

Lethal activity of Satureja sahendica and Artemisia dracunculus, and their nanoemulsions at 60 minute
time point on protoscoleces of Echinococcus granulosus

Components

Satureja sahendica

(ug /ml)

Satureja sahendica
nanoemulsion (ug /ml)

Artemisia dracunculus

(ug /ml)

Artemisia dracunculus
nanoemulsion (ug /ml)

Concentration

(ug /ml)

25
50
100
200
400
25
50
100
200
400
25
50
100
200
400
25
50
100
200
400

dvalues are mean + SD of three replicates.

bChi-square, df: degrees of freedom.

60 min
mortality (%)

+SD?

53.33+1.52
55.33+3.05
70.00+2.00
77.00+1.00
83.33+3.05
67.33+1.15
74.00+4.00
85.66+2.08
92.66+1.15
95.33+0.57
34.00+2.00
42.00+2.00
43.33+1.15
46.00+2.00
64.00 +2.00
57.33+1.15
66.66 +2.03
73.33+1.15
75.33+3.05
84.00+2.00

LCsg

2ug/ml)
LCL-UCL)

25.37
(11.56-
39.36)

213.35
(151.29-
306.53)

11.48
(1.88-
24.08)

LCqo (Hg/ml)
(LCL-UCL)

1004.81
(503.59-
3919.67)

161.97
(116.42-
271.36)

927.90
(679.59-
1586.96)

1340.32
(533.78-
13677.14)

Y2
(df)°

2.14
(3)

n.s.

0.69
(3)

n.s.

1.33
(3)

n.s.

0.65
3)

n.s.

Discussion
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Presently, there are three treatment options for hydatidosis: surgery, percutaneous aspiration and
medicinal treatment (Adas et al. 2009). Even though huge improvements have happened in medical and
interventional radiological techniques, surgery is still the gold standard for hydatid cyst treatment (Fattahi
et al. 2019). Surgery is an invasive and mostly considered a risky therapeutic option, but the aim in
hydatidosis is inactivation and evacuation of cysts and preventing the recurrence of the disease (Fattahi
et al. 2019). Embryonic cells existing on the hydatid cyst germinal layer can generate new protoscoleces
or brood capsules. To prevent the disease recurrence, this layer should be destroyed (Fattahi et al. 2019;
Moazeni et al. 2019). A suitable scolicidal agent can be described by its potency at low doses, high
efficacy in a short time, high accessibility, low toxicity, and longer retention time in the cystic contents.
Necessarily, novel, more appropriate, and more efficient scolicidal agents are required to improve
hydatidosis treatment (Mahmoudvand et al. 2019). Historically, herbal medicines have been a popular
form of complementary and alternative medicine worldwide. They are currently in demand and their
popularity is increasing day by day (Mahmoudvand et al. 2019; Verma & Singh, 2008). A.dracunculus and
S.sahendica were selected for the present study due to their several special features including
accessibility and low price. It was reported that A.dracunculus showed the highest antileishmanial effect
between 11 Artemisia genus species (Emami et al. 2012). Also, A.dracunculus showed a significant
antileishmanial effect in an in vivo study model (Babaee Khou et al. 2007). However, in the present study,
A.dracunculus EO was not as potent as the other tested EO against protoscoleces. On the other hand, by
nanoformulasion, scolicidal activity of A.dracunculus significantly increased and resulted in 60 min LCxj

values of 11.48 for the nanoemulsion versus 213.35 pg/ml for the EO.

In the present study, EO of S.sahendlca at the highest tested concentration after 120 min resulted in
higher than 90% mortality rates. Studies have reported several biological activities including antimicrobial
and antiparasitic effects for the species of the Satureja genus. Volatile compounds in Satureja species
EOs are characterized mainly with oxygenated monoterpenes including thymol and carvacrol (Tepe &
Cilkiz, 2016). Most probably, some parts of scolicidal activity of S.sahendica EO is due to presence of
carvacrol and thymol. Moreover, there are several reports on antiparasitic and scolicidal activity of
carvacrol and thymol and plant containing these two terpenoids as their main constituents
(Mahmoudvand et al. 2017; Moazeni et al. 2012; Tabari et al. 2017; Youssefi et al. 2019a; Youssefi et al.
2019b). In line with these, the present study showed high efficacy of S.sahendlica EO and its
nanoemulsion on protoscoleces with LCgq values of 25.37 and 10.60 pg/ml, respectively, which were

significantly higher than A.dracunculus EO and its nanoemulsion.

In this research, all the tested EOs and their formulated nanoforms demonstrated higher scolicidal activity
relative to the standard conventional drug, albendazole. After oral administration of albendazole, it will be
metabolized to a sulfoxide metabolite. It has been showed that albendazole sulfoxide is the primary
active metabolite of albendazole and responsible of its in vivo therapeutic effects (Adas et al. 2009).
Thus, therapeutic effect of albendazole under in vitro conditions, as a result of lack of metabolizing
system, is limited (Hardin et al. 1997). For a more reliable in vitro comparison between tested EOs and the
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standard albendazole treatment, using albendazole sulfoxide instead of albendazole would have been a
better choice.

To the best of our knowledge, the present study is the first study to evaluate the efficacy of S.sahendica
and A.dracunculus EO and their nanoemulsions against hydatid cysts protoscoleces. The developed
nanoemulsions in the present study were successfully in nanometric scale and showed higher scolicidal
activity in comparison to the EOs. Nanoemulsions can reach the target organs more easily because of
their smaller size, and higher ability to pass through the biological membranes. Among all the tested
compounds of the present study, nanoemulsion of S.sahendica demonstrated the highest toxicity on
protoscoleces and may serve as a candidate for research and development on novel scolicidas. Further in
vivo studies are needed to warrant its safety and efficacy in hydatidosis infection model.
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Figure 1

Particle size and polydispersity index (PDI) for nanoemulsions of Satureja sahendica (a) and Artemisia
dracunculus (b)
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Figure 2

Zeta potential of nanoemulsions of Satureja sahendica (a) and Artemisia dracunculus (b)
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Figure 3

Mortality (%) of Echinococcus granulosus protoscoleces over different times of exposure to Satureja
sahendica and Artemisia dracunculus, and their nanoemulsions in comparison to albendazole and the
negative control

Data are means+SD. Within each tested concentration of plants and their nano emulsions, column
marked with different letters (lowercase) are significantly different between times of exposure (Repeated
measures ANOVA, Bonferroni test, P<0.05)
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