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Abstract: The present work evaluated the effects of alcoholic extracts of salvia (Salvia officinalis), thyme (Thymus vulgar-
is), and 2 pure compounds (thymol and menthol) on the viability of Echinococcus granulosus protoscolices in vitro. Four
different concentrations of each extract (2,500, 1,500, 1,000, and 500 pg/ml) and 3 different concentrations each of thy-
mol and menthol (50, 10, and 1 pg/ml) were used. Concentration of 2,500 pg/ml of both extracts showed a significant
protoscolicidal activity on the 6th day. Complete loss of viability of protoscolices occurred with 500 pg/ml concentration
of both extracts at day 6 and day 7 post-treatment (PT), respectively. Pure compounds, i.e., menthol and thymol, showed
potent effects with 50 pg/ml concentration at day 2 and day 5 PT, respectively. These effects were compared with those
of albendazole sulfoxide (800 pg/ml), a commonly used treatment drug for hydatidosis. Krebs-Ringer solution and the hy-
datid cystic fluid at a ratio of 4:1 was a good preservative solution which kept the protoscolices viable for 15 days.
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INTRODUCTION

Hydatidosis is a chronic infection of medical and veterinary
importance caused by the larval stage of a cosmopolitan para-
sitic cestode Echinococcus granulosus [1,2]. Cystic hydatid dis-
ease (CHD) is of public health importance not only in areas
of endemicity but also in countries without endemicity due to
migration of infected people and livestock exchanges which
create new areas of endemicity [3]. Unfortunately, numerous
reports indicate that hydatidosis incidence has increased in
various regions of the world [4]. In Egypt, infection with the E.
granulosus larval stage is a serious zoonotic helminthic disease
[5]- This is why Egypt started to be considered as an emerging
endemic area of cystic echinococcosis [6].

Hydatid cyst is distributed throughout most of the world,
especially in areas where sheep are raised, and is endemic in
Asia, North Africa, South and Central Americas, North Ameri-
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ca, Canada, and the Mediterranean region. In many countries,
hydatid disease is more prevalent in rural areas where there is
close contact between people, dogs, and various domestic ani-
mals which act as intermediate hosts [7].

Since the mid-1970s, significant advances have been made
in the chemotherapy of the metacestode stage of Echinococcus.
In vitro and in vivo techniques for drug testing are now avail-
able, and considerable clinical, pharmacological, and parasito-
logical knowledge has accumulated [8]. Benzimidazole carba-
mate derivatives, such as albendazole and mebendazole, in
addition to amphotericin B and praziquantel, are currently the
drugs of choice for treatment of cystic echinococcosis [9]. Nev-
ertheless, the recurrence rates after interruption of therapy are
high and new options for chemotherapeutic treatment are
needed [10].

Deger et al. [11] demonstrated that albendazole sulfoxide
injection, as a scolicidal agent in the percutaneous treatment
of cystic echinococcosis, seems to be effective in sheep. Treat-
ment and control of parasitic diseases, including helminthia-
ses, are usually made by synthetic anthelmintics. The appear-
ance of resistance to synthetic anthelmintics stimulated the re-
search for alternatives, such as medicinal plants [12]. Accord-
ing to circumstances and depending on their efficacy, naturally
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produced plant anthelmintics offer an alternative that can
overcome some of these problems and is both sustainable and
environmentally acceptable [13].

Thyme, mentha, and salvia are very popular medicinal plants
in the Middle East as well as all over the world with many folk-
loristic uses. Their active constituents may be responsible for
their pharmacological effects [14]. Thyme and salvia are 2 fa-
mous Egyptian plants containing essential oils, while thymol
and menthol are 2 major isolates of these volatile oils; these
were found to inhibit the growth of a wide range of organisms
that cause various diseases [15,16]. Recent studies have shown
that sage and its constituents have antibacterial actions against
various microorganisms [17]. Thyme is used as an antimicrobi-
al [18,19], anti-amoebic [20], and anti-inflammatory drug [21].

As the Egyptian flora is rich in plants, the possibility of find-
ing new antimicrobial agents is still widely ahead, therefore,
the aim of the present study was to determine in vitro proto-
scolicidal effects of different concentrations of alcoholic ex-
tracts of salvia and thyme, in addition to thymol and menthol
pure compounds, on the viability of protoscolices of E. granu-
losus in comparison with control groups.

MATERIALS AND METHODS

Parasite material

Hydatid cysts of E. granulosus were removed from lungs and
livers of naturally infected camels slaughtered in Bani-Adi and
El-Atamina abattoirs, Assiut Governorate, Egypt. The intact cysts
were placed in an ice box, and transported within 3 hr to Para-
sitology laboratory, Department of Parasitology, Faculty of Med-
icine, Assiut University, Assiut, Egypt.

Collection of hydatid fluid

Cysts were washed several times in sterile PBS, pH 7.2. Cyst
surfaces were sterilized by 70% ethyl alcohol and their fertility
was determined by the presence of free protoscolices in cystic
fluid by microscopic examination of a wet mount drop. Hyda-
tid fluid with protoscolices was collected as previously described

by Smyth [22].

Preparation of protoscolices

Hydatid fluid containing protoscolices was evacuated com-
pletely into 15 ml Falcon tubes without centrifugation and it
was left to precipitate for an hour to obtain hydatid sand at
room temperature. Protoscolices were maintained in a sterile

preservative solution made of a mixture of Krebs-Ringer solu-
tion (KRS) and hydatid cyst fluid (4:1) [23] for all experi-
ments. This preservative solution dose not contain any antibi-
otic or antifungal drugs.

The viability of protoscolices was determined prior to the
experiments. A 0.01 ml solution of pooled protoscolices was
transferred over a slide and mixed with 0.01 ml of 0.1% aque-
ous eosin stain, as a vital staining, and was evaluated by low
power microscopy after 5 min. Unstained protoscolices were
considered as viable while stained protoscolices were consid-
ered as non-viable [24]. When the percentage of viable proto-
scolices in the sediment was 95% or more, they were consid-
ered to be appropriate for experiments. The percentage of via-
ble protoscolices (viability rate) was determined by counting a
minimum of 100 protoscolices (as a ratio of number of viable
protoscolices to total protoscolices).

Plant collection and extraction

The aerial parts of salvia (Salvia officinalis), also known as sa-
line, purple, or sage, and thyme (Thymus vulgaris) (750 mg,
each) were collected from a local market in Assiut Governor-
ate, Assiut, Egypt in March 2010. The plants were identified by
Department of Pharmacognosy, Faculty of Pharmacy, Assiut
University, Assiut, Egypt. A voucher specimens were deposited
in the Botanical Museum, Faculty of Pharmacy, Assiut Univer-
sity, Assuit, Egypt.

A 500 g of the shade-dried powdered aerial parts of both
plants were extracted separately with 70% ethanol by macera-
tion and percolation for 24 hr. The process of extractions was
repeated twice. The alcohol extract of each plant was pooled
together and evaporated under reduced pressure at 45°C till
free from solvent. The alcohol free residue of each extract was
weighted to give 9.66 g in case of salvia and 8.54 g in case of
thyme. Preliminary phytochemical tests were carried out to
identify the main constituents of each extract [25-27]. Thymol
was purchased from BDH Chemicals I'TD (Poole, UK). Men-
thol was purchased from El-Nasr Company for Pharmaceuti-
cals and Chemicals (Cairo, Egypt).

Determination of in vitro effects

Stock solutions of alcoholic crude extracts of salvia, thyme,
thymol, and menthol were prepared by dissolving 2.5 g of the
dried extract or pure compound in 10 ml distilled water (25
mg/ml). Adding a few drops to 5 ml Tween 80 (2%) helped
dissolving the dried extract or pure compound. Concentra-
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tions of 500, 1,000, 1,500, and 2,500 ug/ml of stock solutions
for salvia (experiment 1) and thyme (experiment 2) were used.
Concentrations of 1, 10, and 50 pg/ml of the stock solutions
for thymol (experiment 3) and menthol (experiment 4) were
used. The efficacy of alcoholic extracts of both plants on the
viability of protoscolices was compared with that of albenda-
zole sulfoxide (ABZSO) 800 pg/ml (experiment 5), the recom-
mended drug for treating hydatidosis [28]. Sterile preservative
solution and Tween 80 (2%) were used as negative controls.

The in vitro study was carried out in sets of 26 Falcon tubes.
A 5.0-ml of the preservative solution was added to each tube.
A 1.0-ml solution of viable protoscolices (approximately 2,000
viable protoscolices) was placed in each tube, and 1.0 ml of
each experimental preparation (experiments 1-5) was added
to each tube, mixed gently, and incubated at 30°C without
changes of preservative solution. Percentages of viable proto-
scolices or survival were determined for each experiment after
5 min and in serial period of time (every 12 hr) until all of the
protoscolices were dead. The data were derived from the mean
value of 3 replications.

Statistical analysis

Statistical calculations were carried out by 1-way variance
analysis (ANOVA), using the Statistical Package for Social Sci-
ences (SPSS) software package for Windows software package.
P-values of <0.05 were considered significant.

RESULTS

Viability of protoscolices
The fertility (=reproducibility) of hydatid cysts was deter-

Fig. 1. Unstained hydatid sand of fertile hydatid cyst by wet mount
drop (x 10).

mined by the presence of free protoscolices in the cystic fluid
by wet mount drop (Fig. 1). The viability of protoscolices was
tested prior to the experiments using 0.1% aqueous eosin
stain. Dead protoscolices absorbed eosin and colored red, but
alive protoscolices remained colorless and showed characteris-
tic muscular movements and flame cell activity (evaluated un-
der light microscope) (Fig. 2) .

Protoscolices remained viable for average 15 days after being
incubated in sterile preservative solution (negative control) at
30°C, without treatment, with minimal differences in viability
between the first and 10th day (P<0.05), while starting from
the 11th day, there was significant decrease in the viability of
protoscolices till total death of all protoscolices occurred by
the end of the 15th day (Fig. 7). In the sterile preservative solu-
tion, microscopic examination of viable protoscolices exhibit-
ed distinct movements and conserved with the membrane in-
tegrity and order of hooks. Most of these protoscolices were
changed into an evaginated form (scolices) by time, and suck-
ers were clearly visible (Fig. 3).

Microscopic examinations of dead protoscolices showed
distortion of their morphology and degenerative effects. These
effects were characterized by loss of motility, loss of hooks, or
presence of free hooks and calcareous corpuscles (Fig. 4). The
viability of protoscolices incubated with 2% Tween 80 showed
the same effects as that incubated in the preservative solution.

In vitro treatment of protoscolices

The viability of protoscolices was significantly affected in ex-
periment 1 (salvia). The protoscolices treated with concentra-
tions of 2,500, 1,500, 1,000, or 500 pg/ml started to show a
decrease in viability at day 1 post-treatment (PT) (Fig. 5). All

Fig. 2. Live invaginated colourless protoscolices 5 min after stain-
ing with 0.1% eosin (x 20).
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Fig. 3. Live evaginated (e) and invaginated (i) colourless proto-
scolices 5 min after staining with 0.1% eosin (x 40).

h =3

Fig. 4. Dead evaginated coloured protoscolices (€), free hooks
(h), calcareous corpuscles (c), and a few invaginated coloured
protoscolices (i) after incubation in sterile medium and staining
with 0.1% eosin (x 40).

treated protoscolices died between days 6 and 8 PT (Fig. 7).
The highest concentration (2,500 pg/ml) showed the best result
where all protoscolices died at day 6 PT. This result was signifi-
cant (P<0.05). In experiment 2 (thyme): all protoscolices died
at day 6 PT when treated with 2,500 pg/ml, while protoscolices
died at day 7 PT when treated with the other concentrations
(1,500, 1,000, or 500 pg/ml). These results were also signifi-
cantly different between groups (P<0.05) (Fig. 8). Both alco-
holic extracts of salvia and thyme inhibited any evagination of
the protoscolices in addition to dose-dependent scolicidal ac-
tivity (Fig. 6).

In experiment 3 (thymol): all protoscolices treated at con-
centrations 10 or 1 pg/ml, died at days 6 and 7 PT, respectively.
While, protoscolices treated with thymol at the concentration

Fig. 5. Live colourless and dead coloured invaginated protosco-
lices after exposure to medical and different concentrations of
herbal treatment and staining with 0.1% eosin (x 20).

Fig. 6. Total death of invaginated protoscolices (coloured) due
to exposure to medical and different concentrations of herbal
treatment at different time intervals and staining with 0.1% eosin
(x20).

of 50 pg/ml died at day 5 PT (P<0.05) (Fig. 9). In experiment
4 (menthol): all protoscolices treated at concentrations of 10
or 1 pg/ml died at day 4 PT, while protoscolices treated with
menthol at the concentration of 50 pg/ml died at day 3 PT
(P<0.05) (Fig. 10).

In experiment 5 (albendazole): a significant effect on the vi-
ability of protoscolices was exhibited at day 6 from the onset
of treatment, where 70% of the incubated protoscolices died.
All of the remaining protoscolices died by the end of day 10
PT. All protoscolices remained invaginated in albendazole-treat-
ed groups. Negative controls also showed a decline in viability;
however, 80.2% of the protoscolices were still viable by day 10
PT. A comparison between all experimental results is summa-
rized in Table 1. The preliminary phytochemical screening of
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Fig. 7. Relation between viability rate of protoscolices of E. gran-
ulosus and different concentrations of alcoholic extract of salvia,
in comparison with negative and positive controls. Each point
represents the mean percentage of vital protoscolices from 3
different experiments.
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Fig. 8. Relation between viability rate of protoscolices of E. gran-
ulosus and different concentrations of alcoholic extract of thyme,
in comparison with negative and positive controls. Each point
represents the mean percentage of vital protoscolices from 3
different experiments.

both plant extracts showed the presence of volatile constitu-
ents, sterols, and/or terpenes, tannins, flavonoids, lactones,
and/or esters, coumarins, and saponins using standard proce-
dures.

DISCUSSION

Despite some progress in the control of echinococcosis, this
cestode zoonosis continues to be a major public health prob-
lem in several countries, and in several others, it constitutes an
emerging and re-emerging disease [29]. It has been recognized
that hydatid protoscolices remain viable for a long period in
different media at different temperatures. In the absence of nu-
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Fig. 9. Relation between viability rate of protoscolices of E. gran-
ulosus and different concentrations of thymol, in comparison
with negative and positive controls. Each point represents the
mean percentage of vital protoscolices from 3 different experi-
ments.
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Fig. 10. Relation between viability rate of protoscolices of E.
granulosus and different concentrations of menthol, in compari-
son with negative and positive controls. Each point represents
the mean percentage of vital protoscolices from 3 different ex-
periments.

tritive factors, the protoscolices of E. granulosus do not survive
in vitro for more than 4 days at 37°C. This survival time de-
pends on temperature, pH, and ionic concentration [30]. In
the present study, hydatid protoscolices remained viable for
average 15 days after being incubated in sterile preservative so-
lution at 30°C.

The results of our study agreed to the previous in vitro stud-
ies [23,31] which reported that Krebs-Ringer solution with hy-
datid cystic fluid 4:1 was the best preservative medium for pro-
toscolices. This may be due to the fact that Krebs-Ringer solu-
tion has nutritional factors and a number of minerals (glucose,
magnesium chloride, potassium chloride, sodium chloride,
sodium phosphate dibasic, and sodium phosphate monoba-
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Table 1. Effects of various concentrations of salvia, thyme, thymol, menthol, albendazole, and preservative solution on viability of hy-

datid protoscolices in serial period of times

s Concentra- Viability (% in average) of protoscolices after incubation (day)
o tiorv/mi o 1t 2 3 4 5 6 7 8 9 10 11 12 18 14 15
Salvia 2500pg 979 787 697 548 399 96 00
(experiment 1) 1,500pg  97.9 79.6 73.0 594 498 193 95 00
1,000pg 956 79.7 745 689 544 397 148 69 00
500pg 957 849 749 697 582 448 193 116 00
Thyme 2500pg 979 747 69.7 598 397 196 0.0
(experiment2) 1,500ug 966 79.6 727 645 442 279 97 00
1,000pg 975 797 746 686 546 296 119 00
500pug 985 848 797 693 343 295 145 00
Thymol 50pg 979 843 645 396 96 00
(experiment 3) 10 pg 96.0 89.8 876 749 594 148 00
1pyg 976 933 899 546 546 248 128 00
Menthol 50pug 979 69.7 298 0.0
(experiment 4) 10 ug 975 750 397 95 00
1uyg 968 799 497 148 00
Albendazole 800pg 97.8 96.7 84.6 648 625 447 297 247 177 99 00
Preservative solution 977 978 97.8 946 928 895 877 857 845 827 805 647 498 399 249 00

sic) that provide protoscolices with the minimal requirements
to keep them alive for a long period of time [32]. Another cul-
ture media (M-199), supplemented with 100 IU penicillin,
100 pg/ml streptomycin, and 4 mg/ml glucose, has been re-
ported to keep protoscolices alive more than 86 days [13]. This
may be explained by the presence of antibiotics, whereas Krebs-
Ringer solution dose not contain any antibiotic or antifungal
drugs.

In addition to survival of protoscolices in the preservative
solution, there was evagination of some protoscolices. This
could be explained as a step starting their development in the
preservative solution. Alsudani [30] reported similar morpho-
logical changes in culture media. The viability assessment in
aystic echinococcosis is important for in vitro and in vivo stud-
ies. Several vital and avital stains, like neutral red, methylene
blue, eosin, Giemsa, Ziehl-Neelsen, and trypan blue, have been
used to assess viability of protoscolices in fertile cysts [33]. In
the present study, 0.1% aqueous eosin stain was used in viabil-
ity assessment of hydatid cysts and in assessment of the effects
of used drugs on viability of protoscolices in vitro. The viable
protoscolices were colourless and dead ones absorbed the red
colour of aqueous eosin.

Cystic echinococcosis is among the most neglected parasitic
diseases, and development of new drugs and other treatment
modalities received very little attention. Clinical management
procedures had evolved over decades without adequate evalu-

ation of important features, such as efficacy, effectiveness, rate
of adverse reactions, relapse rate, and cost [34]. To date, many
scolicidal agents have been used for inactivation of the hydatid
cyst content, but there has been no ideal agent that is both ef-
fective and safe [1]. The use of plant extracts against protoscoli-
ces of hydatid cyst has received critical attention in recent years.
Some studies have shown that extracts of certain plant species
belonging to different families may affect the viability of pro-
toscolices and/or survival of the secondary hydatid cyst [35].
The antimicrobial properties of plant extracts have been well
established against wide spectra of microbes, including bacte-
ria and fungi, using a variety of experimental methods. Most
of the antimicrobial activity in medicinal plants appear to be
derived from phenolic compounds [8]. The present results
showed that the alcoholic extract of both salvia and thyme are
effective on the viability of protoscolices. The highest concen-
tration (2,500 pg/ml) of both extracts showed the best results,
where all protoscolices died by day 6 PT. Other concentrations
(1,500, 1,000, and 500 pg/ml) of salvia and thyme extracts
caused death of protoscolices also but needed a longer period
than the highest concentration. The dose-dependent proto-
scolicidal effects of these medicinal plant extracts seem to be
due to their role in breakdown of biological activities of proto-
scolices through interference with their metabolism. They may
have target sites, such as inhibitors of protein or DNA synthe-
sis, or within cytoplasmic components, like B-lactam antibiot-
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ics [36,37].

Several essential oils and their constituents have been found
to possess anthelmintic activities [38,39]. Essential oils are nat-
ural products extracted from vegetal materials, which have an-
tibacterial, antifungal, antioxidant [40,41], or antiparasitic prop-
erties [42]. The present study showed that all protoscolices
treated with thymol at concentration of 10 pg/ml and 1 pg/ml
died at days 6 and 7 PT, respectively, while protoscolices treat-
ed with menthol at the same concentration died at day 4 PT.
On the other hand, protoscolices treated with 50 pg/ml of
both thymol and menthol died at days 5 and 3 PT, respective-
ly, which means that menthol at 50 pg/ml had the best effect
on the viability of protoscolices followed by thymol at the same
concentration. These results agree with the report of Elissondo
et al. [13] who studied the efficacy of thymol against E. granu-
losus protoscolices and reported that the maximum protoscoli-
cidal effect was found with 10 pg/ml concentration. Elissondo
et al. [13] used protoscolices of cattle strain obtained from an
abattoir located in the southeast of the Buenos Aires Province,
Argentina. In our study, we used protoscolices of camel strain
obtained from Bani-Adi and El-Atamina abattoirs, Assiut Gov-
ernorate, Egypt. The difference in the strain of the protoscolices
of E. granulosus and in the locality (more fragile strain) could
be responsible for this discrepancy.

Thymol is one of the major components of essential oils of
thyme and is a widely known anti-microbial agent. It has also
been tested as a scolicidal agent in some studies and showed
an excellent effect [13]. It has the ability to partition in the
membrane from an aqueous phase as well as a capacity to af-
fect the membrane organization and the surface electrostatics
[43]. The ideal treatment for patients with hydatid disease
should be complete elimination of the parasite and prevent
recurrence of the disease with minimal morbidity and mortal-
ity. Available therapeutic modalities for hydatid cysts consist of
systemic chemotherapy, surgery, and percutaneous treatment
[44]. Other plant extracts tested for scolicidal effects include
garlic Allium sativum [45)], Pistacia khinju, Zizyphus spina-Christ,
Olea earpaea [30), Zataria multiflora 8], Dendrosicyos socotrana,
Jatropha unicostata [35], and Propolis [46]. They showed potent
scolicidal effects.

Results during the present work pointed out that the medici-
nal plant extracts of thyme and salvia, in addition to pure com-
pounds, are potent scolicidal agents at different concentrations.
The dose- dependent efficacy of these plant extracts and pure
compounds appeared to be more effective than that of albenda-

zole which did not induce its scolicidal effect before day 10 PT.

Our data suggest that medicinal plants can be a promising
source of potent antiprotoscolices. We recommend future works
on the extracts and other pure compounds from these 2 plants
to find another antiparasitic agents that are not affected when
treated with common therapeutic agents.

ACKNOWLEDGEMENTS
The authors would like to thank Prof. Refaat M. A. Khalifa,

Professor of Parasitology, Faculty of Medicine, Assuit Universi-
ty for valuable comments and corrections of the manuscript.

REFERENCES

—_

. McManus DP, Zhang W, Li J, Bartley PB. Echinococcosis. Lancet
2003; 362: 1295-1304.

2. Eckert ], Deplazes P. Biological, epidemiological, and clinical as-
pects of echinococcosis, a zoonosis of increasing concern. Clin
Microbiol Rev 2004; 17: 107-135.

3. Mamuti W, Yamasaki H, Sako Y, Nakaya K, Nakao M, Lightowl-
ers MW, Ito A. Usefulness of hydatid cyst fluid of Echinococcus
granulosus developed in mice with secondary infection for sero-
diagnosis of cystic echinococcosis in humans. Clin Diagn Lab
Immunol 2002; 9: 573-576.

4. Eckert J, Conraths FJ, Tackmann K. Echinococcosis: An emerging
or re-emerging zoonosis? Int J Parasitol 2000; 30: 1283-1294.

5. Haridy FM, Ibrahim BB, Elshazly AM, Awad SE, Sultan DM, El-
Sherbini GT, Morsy TA. Hydatidosis granulosus in Egyptian slaugh-
tered animals in the years 2000-2005. ] Egypt Soc Parasitol
2006; 36: 1087-1100.

. Sadjjadi SM. Present situation of echinococcosis in the Middle
East and Arabic North Africa. Parasitol Int 2006; 55: $197-5202.
7. Frider B, Larrieu E. Treatment of liver hydatidosis: How to treat

an asymptomatic carrier? World J Gastroenterol 2010; 16: 4123-
4129.

8. Moazeni M, Roozitalab A. High scolicidal effect of Zataria multi-
flora on protoscoleces of hydatid cyst: An in vitro study. Comp
Clin Pathol 2010; 580: 1068-1073.

9. Reuter S, Buck A, Grebe O, Niissle-Kiigele K, Kern P, Manfras BJ.
Salvage treatment with amphotericin B in progressive human al-
veolar echinococcosis. Antimicrob Agents Chemother 2003; 47:
3586-3591.

10. Reuter S, Buck A, Manfras B, Kratzer W, Seitz HM, Darge K, Reske
SN, Kern P. Structured treatment interruption in patients with
alveolar echinococcosis. Hepatology 2004; 39: 509-517.

11. Deger E, Hokelek M, Deger BA, Tutar E, Asil M, Pakdemirli E. A

new therapeutic approach for the treatment of cystic echinococ-

cosis: Percutaneous albendazole sulphoxide injection without

reaspiration. Am J Gastroenterol 2000; 95: 248-254.

(=)



262 Korean J Parasitol Vol. 49, No. 3: 255-263, September 2011

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

Pessoa LM, Morais SM, Bevilaqua CM, Luciano JH. Anthelmin-
tic activity of essential oil of Ocimum gratissimun Linn. and euge-
nol against Haemonchus contortus. Vet Parasitol 2002; 109: 59-63.
Elissondo MC, Albani CM, Gende L, Eguaras M, Denegri G. Effi-
cacy of thymol against Echinococcus granulosus protoscoleces. Par-
asitol Int 2008; 57: 185-190.

Ghazanfar SA. Handbook of Arabian Medicinal Plants. Boca Ra-
ton, Florida, USA. CRC Press. 1994.

Akin M, Demirci B, Bagci Y, Husnu Can Baser K. Antibacterial
activity and composition of the essential oils of two endemic
Salvia sp. from Turkey. Afr ] Biotechnol 2010; 9: 2322-2327.
Karata H, Ertekin S. Antimicrobial activities of the essential oils
of four Salvia species from Turkey. ] Med Plant Res 2010; 4:
1238-1240.

Sokovi¢ M, Glamodlija J, Marin PD, Brki¢ D, van Griensven LJ.
Antibacterial effects of the essential oils of commonly consumed
medicinal herbs using an in vitro model. Molecules 2010; 15:
7532-7546.

Moghadam MS, Maleki S, Darabpour E, Motamedi H, Nejad
SMS. Antibacterial activity of eight Iranian plant extracts against
methicillin and cefixime restistant Staphylococcus aureus strains.
Asian Pac ] Trop Med 2010; 3: 262-265.

Govaris A, Botsoglou E, Sergelidis D, Chatzopoulou PS. Antibac-
terial activity of oregano and thyme essential oils against Listeria
monocytogenes and Escherichia coli O157:H7 in feta cheese pack-
aged under modified atmosphere. IWT-Food Sci Technol 2011;
44:1240-1244.

Behnia M, Haghighi A, Komeylizadeh H, Tabaei SJ, Abadi A. In-
hibitory effects of Iranian Thymus vulgaris extracts on in vitro
growth of Entamoeba histolytica. Korean ] Parasitol 2008; 46: 153-
156.

Hotta M, Nakata R, Katsukawa M, Hori K, Takahashi S, Inoue H.
Carvacrol, a component of thyme oil, activates PPAR alpha and
gamma and suppresses COX-2 expression. J Lipid Res 2010; 51:
132-139.

Smyth JD. Studies on tapeworm physiology. XI. In vitro cultiva-
tion of Echinococcus granulosus from protoscolex to the strobilar
stage. Parasitology 1967; 57: 111-133.

Kadir M, Rasheed S, Tahir S. Comparison between the efficacy of
some chemical drugs and medical herbs on hydatid cysts. In Ab-
stracts of the 11th Sci Cong Fac Vet Med, Assiut Univ, Egypt.
2004, p 372-382.

Smyth JD, Barrett NJ. Procedures for testing the viability of hu-
man hydatid cysts following surgical removal especially after
chemotherapy. Trans R Soc Trop Med Hyg 1980; 74: 849-852.
Balbaa SI, Hila SH, Zaki AY. Medicinal Plants Constituents. 3rd
Ed. Cairo, Egypt. General Organization for University Books.
1981.

Trease GE, Evans WC. Pharmacognosy. 11th ed. London, Eng-
land. Cassell and Collier Macmillan Publishers Ltd. 1978, p 42-
55.

Harborne JB. Phytochemical Methods. London, England. Chap-
man and Hall. 1973, p 49-188.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Urrea-Paris M, Moreno M]J, Casado N, Rodriguez-Caabeiro E In
vitro effect of praziquantel and albendazole combination thera-
py on the larval stage of Echinococcus granulosus. Parasitol Res
2000; 86: 957-964.

Moro P, Schantz PM. Echinococcosis: A review. Int J Infect Dis
2009; 13: 125-133.

Alsudani NM. Effect of extracts of Zizphus spinachristi L. and Olea
europaea L. on the larval stage of Echinococcus granulosus [cited 20
Mar 2009. Available from: http://www.ispub.com/journal/the_
internet_journal_of_parasitic_diseases/volume_2_number_1_48/
article/|.

Rassan AE A study on possibility of the attenuation of Echinococ-
cus granulosus protoscolices by using various lasers rays. M.Sc.
thesis. College of Medicine, Baghdad University, India. 1994.
Zhang W, Li ], McManus DP. Concepts in immunology and di-
agnosis of hydatid disease. Clin Microbiol Rev 2003; 16: 18-36.
Yildirim A, I¢a A, Diizlti O, Indi A. Statistical analyses of different
staining methods for viability assessment in cystic echinococco-
sis. Turkiye Parazitol Derg 2007; 31: 105-108.

Junghanss T, da Silva AM, Horton J, Chiodini PL, Brunetti E.
Clinical management of cystic echinococcosis: State of the art,
problems, and perspectives. Am J Trop Med Hyg 2008; 79: 301-
311.

Barzinji A, Mothana R, Nasher A. Effect of leaf extracts of Den-
drosicyos socotrana and Jatropha unicostata on the viability of Echi-
nococcus granulosus protoscoleces. Eur Asia J Bio Sci 2009; 3: 122-
129.

Chopra I, Hacker K. Uptake of minocycline by Escherichia coli. ]
Antimicrob Chemother 1992; 29: 19-25.

Walker M, Rossignol JE Torgerson P, Hemphil A. In vitro effects
of nitazoxanide on Echinococcus granulosus protoscolices and
metacestodes. ] Antimicrob Chemother 2004; 54: 609-616.

Garg SC. Anthelmintic activity of some medicinal plants. Ham-
dard Med 1997; 40: 18-21.

Hammond JA, Fielding D, Bishop SC. Prospects for plant an-
thelmintics in tropical veterinary medicine. Vet Res Commun
1997; 21: 213-228.

Cowan MM. Plant products as antimicrobial agents. Clin Micro-
biol Rev 1999; 12: 564-582.

Bagambuola CE Uyttendaele M, Debevere J. Inhibitory effect of
thyme and basil essential oils, carvacrol, thymol, estragol, linalo-
ol and p-cymene towards Shigella sonnei and S. flexneri. Food Mi-
crobiol 2004; 21: 33-42.

Jeyathilakan N, Murali K, Anandraj A, Latha BR, Abdul BS. An-
thelmintic activity of essential oils of Cymbopogon nardus and
Azadirachta indica on Fasciola gigantica. ] Vet Animal Sci 2010; 6:
204-209.

Sanchez ME, Turina AV, Garcia DA, Nolan MV, Perillo MA. Sur-
face activity of thymol: Implications for an eventual pharmaco-
logical activity. Colloids Surf B Biointerfaces 2004; 34: 77-86.
Sayek I, Tirnaksiz MB, Dogan R. Cystic hydatid disease: Current
trends in diagnosis and management. Surg Today 2004; 34: 987-
996.



Yones et al.: Effects of herbs on protoscolices of hydatid cysts 263

45. Moazeni M, Nazer A. In vitro effectiveness of garlic (Allium sati- 46. Kismet K, Kilicoglu B, Koru O, Tanyuksel M, Oruc MT, Sorkun K,
vum) extract on scolices of hydatid cyst. World J Surg 2010; 34: Salih B, Akkus MA. Evaluation on scolicidal efficacy of Propolis.
2677-2681. Eur Surg Res 2006; 38: 476-481.






