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Abstract 
Background: Cystic echinococcosis (CE), a zoonotic parasitic infection caused 
by the metacestode (larvae) stage of dog tapeworm Echinococcus granulosus and rec-
ognized as a major economic and public health concern in the world. This study 
aimed to investigate the in vitro scolicidal effect of methanolic extract of Berberis 
vulgaris L. roots and its main compound, berberine against protoscoleces of hydatid 
cysts.  

Methods: For this purpose, protoscoleces were aseptically aspirated from sheep 
livers having hydatid cysts. Various concentrations of the methanolic extract (0.25-
2 mg/ml) and berberine (0.062- 0.5 mg/ml) were used for 5 to 30 min. Viability of 
protoscoleces was confirmed by eosin exclusive test.  

Results: In the present study, all of the various concentrations of the B. vulgaris 
methanolic extract (0.25, 0.5, 1 and 2 mg/ml) and berberine (0.062, 0.125, 0.25 and 
0.5 mg/ml) revealed significant (P<0.05) scolicidal effects against protoscoleces of 
E. granulosus in a dose-dependent manner. Both berberine and methanolic extract 
exhibited 100% inhibition against protoscoleces of E. granulosus at the concentra-
tion of 2.0 and 0.5 mg/ml after 10 min incubation respectively.  

Conclusion: According to the results, both B. vulgaris methanolic extract and 
berberine alone demonstrated high scolicidal activities against protoscoleces of 
hydatid cysts in low concentration and short exposure time on in vitro model. 
However, in vivo efficacy of B. vulgaris and berberine also requires to be evaluated 
using an animal model with hydatid infection. 
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Introduction 
 

ydatidosis (cystic echinococcosis) is 
a chronic infection of medical and 
veterinary importance caused by 

the larval stage of a cosmopolitan parasitic 
cestode Echinococcus granulosus (dog tapeworm). 
Cystic echinococcosis (CE) in humans and 
livestock indicates a major public health and 
economic problem with worldwide distribu-
tion (1). Human infection may happen after 
ingestion of infective eggs, which are passed in 
the feces of dogs through direct contact or 
environmental contamination (2). The released 
embryos penetrate the intestinal wall and via 
the portal system, get mainly into the liver (50-
70%), lungs (20-30%), or other organs where 
the hydatid cysts grow up (3). At present, sur-
gery remains the most efficient treatment for 
hydatid disease in many parts of the world, in-
cluding Iran (4). However, recurring (second-
ary) CE after operation due to rupture of the 
cyst and/or spillage of the cyst contents (proto-
scoleces) during surgery is one of the major 
surgical complications of hydatidosis (5, 6).  

Currently, many scolicidal agents including 
hypertonic saline, Ag-nitrate, cetrimide, and 
ethanol, which used for inactivation of the 
cyst contents present some complications 
such as sclerosane colangititis (biliary tract fi-
brosis), liver necrosis and methaemoglobinae-
mia (4,5,7). Hence, enormous efforts have 
been made to reach new scolicidal agents es-
pecially from natural resources, animals and 
microorganisms for treatment of CE (8, 9). 
Recent investigations on plant extracts and 
plant-derived compounds due to having less 
side effects, low cost and high availability have 
been shown a successful approach to treat a 
wide range of diseases (10). European barber-
ry, Berberis vulgaris L. (family Berberidaceae), 
grows in Asia and Europe, is well known in 
Iran and most countries in the world. The dif-
ferent parts of this plant including root, leaf, 
bark and fruit have been used widely as folk 
medicine for the treatment and prevention of 

various diseases including cardiovascular, gas-
trointestinal, respiratory, skin, renal and infec-
tious diseases (11). Previous studies have also 
been carried out on chemical composition of 
the B. vulgaris that showed the most important 
constituents of this plant are isoquinoline alka-
loids such as berberine (12, 13). Up to now, 
various studies have been demonstrated anti-
bacterial and antifungal effects of B. vulgaris 
and its main constituent berberine (14-16). 
Furthermore, in the other studies high an-
tiparasitic potential of B. vulgaris and berberine 
against Entamoeba histolytica, Giardia lamblia, 
Trichomonas vaginalis and some Leishmania spp 
have been proven (17-20).  

This study was aimed to investigate the in 
vitro scolicidal effects of B. vulgaris as well as its 
main component, berberine against protosco-
leces of hydatid cysts. 

 
Materials and Methods  
 
Plant materials  

B. vulgaris roots were gathered from Baft dis-
trict in September 2012, Kerman Province, 
Iran. The identities were confirmed by the 
botanist at the Botany Department of Shahid 
Bahonar University, Kerman, Iran. A voucher 
specimen of the plant materials was deposited 
at the Herbarium of Department of Pharma-
cognosy of School of Pharmacy, Kerman 
University of Medical Science, Kerman, Iran 
(KF769). 
 

Preparation of the methanolic extract 
The dried plant materials (200 g) were grind-

ed into powder with an electric mill and ex-
tracted by percolation method by methanol 
for 72 h. in room temperature. The extract 
was passed through filter paper (Whatman 
No.3, Sigma, Germany) to remove plant de-
bris. Then concentrated in vacuum at 50 °C 
using a rotary evaporator (Heidolph, Ger-
many) and stored at -20°C, until testing (21). 

H 
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Preparation of berberine 
Berberine, obtained from Sigma-Aldrich, (St. 

Louis, MO, USA), was dissolved in the dime-
thyl sulfoxide (DMSO). Final concentration of 
DMSO was never exceeded 1% in either con-
trol or treated samples.  
 
Drug dilutions 

An amount of 200 mg of berberine dis-
solved in 4 ml of dimethyl sulphoxide 
(DMSO) and serial dilution was subsequently 
made to obtain berberine at 0.5, 0.25, 0.125 
and 0.062 mg/ml concentrations. Further-
more, 2 g of the methanolic extract of B. vul-
garis was dissolved in 10 ml of distilled water 
and serial dilutions were then made to obtain 
the concentrations of 2, 1, 0.5 and 0.25 mg/ml. 
It should be mentioned that the selection of 
appropriate dilutions of the methanolic extract 
and berberine was based on initial experiments, 
which also showed that DMSO below 1.5% 
had no effect on the growth of protoscoleces. 
In the present investigation the concentration 
of DMSO in various dilutions was 1% and 
below. 
 
Collection of protoscoleces 

Hydatid cysts from livers of naturally in-
fected sheep were obtained from Kerman 
slaughterhouse, southeastern Iran. The hyda-
tid fluid of cysts aspirated by a 20 ml syringe 
and were aseptically transferred into the glass 
cylinders and left for 30 min to allow the pro-
toscoleces to settle to the bottom of the cylin-
der. Then, the supernatant was removed and 
the protoscoleces were washed three times 
with PBS (pH 7.4) solution. The concen-
tration of protoscoleces was confirmed as the 
number of protoscoleces per ml of the hydatid 
fluid in a saline solution (0.9% NaCl solution) 
containing 2× 103 protoscoleces in 1 ml with 
more than 90% viability was used for further 
experimentations. The viability of the proto-
scoleces was confirmed by 0.1% eosin exclu-
sive test as well as flame cell motility under a 
light microscope (22). 
 

Scolicidal assay 
To investigate the scolicidal effects of B. vul-

garis and berberine against protoscoleces of E. 
granulosus, we used various concentrations of 
the methanolic extract and berberine  for 5, 10, 
20 and 30 min. In each experiment, 0.5 ml of 
the protoscoleces solution (containing at least 
1000 protoscoleces) was placed in test tubes 
using a Pasteur pipette. Then 0.5 ml of various 
concentrations of the B. vulgaris and berberine 
were added to each test tube. The contents of 
the tubes were gently mixed and then incubat-
ed at 37°C for 5, 10, 20 and 30 min. At the 
end of incubation, the upper phase was care-
fully removed. One hundred µl of 0.1% eosin 
stain was then added to the remaining settled 
protoscoleces and gently mixed .The upper 
portion of the solution was removed after 10 
min of incubation. The remaining pellet of 
protoscoleces was then smeared on a glass 
slide, covered with a coverslip and examined 
under a light microscope. The percentage of 
dead protoscoleces was determined by count-
ing 300 protoscoleces (23). In addition, nor-
mal saline and 20% hypertonic saline were 
used as control groups. 

 
Viability test 
In order to evaluate the viability of protosco-
leces, eosin solution with a concentration of 
0.1% (1 g of eosin powder in 1000 ml distilled 
water) was used. 
 

 
 

Fig. 1: Dead protoscoleces of Echinococcus granu-
losus after exposure to B. vulgaris and berberine 
staining with 0.1% eosin 
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Ten minutes after exposure, dead protosco-
leces absorbed eosin and colored red (Fig. 1), 
but alive protoscoleces remained colorless and 
showed characteristic muscular movements 
and flame cell activity (Fig. 2). Mortality rate 
of protoscoleces was determined, as the per-
cent of dead protoscoleces to the total num-
ber of protoscoleces. 
 

 
 

Fig. 2: Live protoscoleces of Echinococcus granulosus 
after exposure with 0.1% eosin 

Statistical analysis 
In this investigation, all tests were per-

formed in triplicate. Data analysis was carried 
out by using SPSS statistical package version 
17.0 (SPSS Inc., Chicago, IL, USA). Differ-
ences between test and control groups were 
analyzed by Chi-square test and P<0.05 was 
considered statistically significant. 
 

Results 
 

All of the various concentrations of the B. 
vulgaris methanolic extract and berberine re-
vealed significant (P<0.05) scolicidal effects 
against protoscoleces of E. granulosus in a 
dose-dependent manner as compared with the 
control groups. 

The scolicidal effects of B. vulgaris meth-
anolic extract at various concentrations and 
different exposure times are shown in Table 1.  

 

Table 1: Scolicidal effects of Berberis vulgaris root extract against protoscoleces of Echinococcus granulosus at vari-
ous concentrations following different exposure times 

 

Mean of mortality 
rate (%) 

Exposure time 
(min) 

Concentration 

(mg/ml( 
8.6 5  
13.6 10  
20.3 20 0.25 
28.3 30  

15.6 5  

22.3 10 0.5 

31.3 20  
48.6 30  
54.3 5  
76.3 10 1 

96.6 20  

100 30  

91.3 5  
100 10 2 

100 20  

100 30  

0 5  
1.3 10 Normal saline 
2.6 20  
5.3 30  
83.6 5 Hypertonic  saline 

100 10  

100 20  
100 30  
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When protoscoleces were exposed to meth-
anolic extract at the concentration of 2 mg/ml, 
the mortality rate was 100% after 10 min of 
incubation. Similarly, the methanolic extract at 
concentration of 1 mg/ml caused 56.3, 79.3, 
89.3 and 100% protoscoleces mortality after 5, 
10, 20 and 30 min incubation, respectively. In 
contrast, methanolic extract at concentration 
0.5 mg/ml killed 15.6, 22.3, 31.4 and 48.6% of 
the protoscoleces and at the concentration of 
0.25 mg/ml killed 8.5, 13.6, 20.2 and 28.3% of 
the protoscoleces after 5, 10, 20 and 30 min 
incubation, respectively. 

As shown in Table 2, berberine exhibited 
much more scolicidal effects against protosco-

leces of E. granulosus in comparison to meth-
anolic extract. While, the mortality rate of pro-
toscoleces in the control groups was 6.1% af-
ter 30 min (normal saline) and 100% after 10 
min (20% hypertonic saline). When protosco-
leces were exposed to berberine at the concen-
trations of 0.5 and 0.25 mg/ml, the mortality 
rate was 100% after 10 and 20 min application, 
respectively. Moreover, berberine at the con-
centration of 0.125 mg/ml exhibited 28.3, 48.6, 
76.7 and 88.3% protoscoleces mortality and at 
the concentration of 0.062 mg/ml killed 9.4, 
26.6, 44.3 and 51.2 % of the protoscoleces 
after 5, 10, 20 and 30 min of incubation, re-
spectively. 

 
Table 2: Scolicidal effects of berberine against protoscoleces of Echinococcus granulosus at various concentra-

tions following different exposure times 

 
Mean of mortality 
rate (%) 

Exposure 
time (min) 

Concentration 

(mg/ml( 
9.6 5 0.062 
26.6 10  

44.3 20  
51.3 30  

28.3 5  
48.6 10 0.125 
76.6 20  
88.3 30  
53.3 5  
91.3 10 0.25 
100 20  

100 30  
84.6 5  
100 10 0.5 
100 20  
100 30  
0 5  
1.3 10 Normal saline 

2.6 20  

5.3 30  

83.6 5 Hypertonic  saline 

100 10  

100 20  

100 30  
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Discussion 

 
This investigation was designed to determine 

the in vitro effect of methanolic extract of B. 
vulgaris as well as its main compound, berber-
ine against protoscoleces of E. granulosus. 
Findings revealed high protoscolicidal effects 
of B. vulgaris methanolic extract in all concen-
trations especially at the concentration of 2 
mg/ml and after 10 min (100% mortality rate). 
In addition, berberine concentration of 0.5 
mg/ml killed 100% protoscoleces after 10 min 
incubation.  

Surgery is the preferred treatment for partic-
ular WHO stage disease. Chemotherapy with 
benzimidazoles and PAIR (puncture, aspi-
ration, injection and reaspiration) are rec-
ommended as alternative treatments to sur-
gery, especially for the patients who cannot 
tolerate surgery (24). The main surgical com-
plications of CE are recurrence, secondary CE 
and anaphylactic shock due to rupture of the 
cyst and spillage of the cyst contents (proto-
scoleces) during surgery, which is observed in 
nearly 10% of the cases. Thus, the use of ef-
fective scolicidal agents during surgery is nec-
essary (5, 6). So far, scolicidal activity of hy-
pertonic saline (25), silver nitrate and mannitol 
(26), cetrimide (27), ethyl alcohol (95%) (28), 
H2O2 and 10% povidone iodine (29), albend-
azole (30), chlorhexidine gluconate (31), honey 
(32), selenium nanoparticles (33) and some 
plant extracts (9, 22) in various studies have 
been proven. While, they are associated with 
adverse effects and their efficacy is controver-
sial (7). Therefore, development of new scoli-
cidal agents, especially from natural sources, is 
of great interest.  

In the past centuries, plants extracts and 
plant-derived compounds have been widely 
used as a valuable natural resource of tradi-
tional medicine (34). In the past decades ad-
vent of synthetic antimicrobial drugs led to 
reluctance in plants as a rich source of antimi-

crobial agents (35). Recently, emergence of 
some limitations in the use of these synthetic 
drugs caused a shift in the interest to ethnobo-
tanical research (36). 

Our findings indicated that B. vulgaris meth-
anolic extract at the concentration 2 mg/ml 
(10 min) and berberine at the concentration of 
0.5 mg/ml (10 min) were comparable with 
scolicidal activity of 20% hypertonic saline (15 
min), 20% silver nitrate (20 min), 0.5–1% ce-
trimide (10 min), H2O2 3% (15 min) and 95% 
ethyl alcohol (15 min). Recently, in the study 
conducted by Rouhani et al (37) it has been 
shown that aqueous extract of B. vulgaris at the 
concentration of 4 mg/ml indicated scolicidal 
activity of 100% after 5 min. Whereas at the 
concentration of 2 mg/ml kills 96, 98, and 
98.7% of protoscoleces after 5, 15, and 30 min 
of application, respectively. These different 
results might be due to the type of solvent, 
which has been use for extraction. Our results 
show that berberine could be responsible for 
scolicidal effect of B. vulgaris root against pro-
toscoleces of E. granulosus. This alkaloid has 
been sparingly soluble in water and it is ex-
pected that the liquid extraction contain negli-
gible amounts of berberine, whereas meth-
anolic extract can draw this alkaloid from 
plant roots. In the case of toxicity of B. vulgaris 
and berberine, previous studies proved that 
they are not considered toxic at the doses used 
in clinical situations, nor have they been 
shown to be cytotoxic or mutagenic, whereas, 
their side effects can be pertained to dose en-
hancement (38, 39).  
 

Conclusion 
 

B. vulgaris methanolic extract and its main 
compound, berberine in particular demon-
strated high scolicidal activities against proto-
scoleces of E. granulosus in low concentration 
and short exposure time on in vitro model. 
However, in vivo efficacy of B. vulgaris and 
berberine requires to be evaluated using an 
animal model of hydatid infection. 
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