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Abstract
AIM: To establish which scolicidal agents are superior 
and more suitable for regular use.

METHODS: Echinococcus granulosus  protoscoleces 
were obtained from 25 patients with liver hydatid 
cysts. Various concentrations of albendazole sulfone, 
albendazole sulfoxide, and albendazole sulfone and 
albendazole sulfoxide mixed together in concentrations 
of 50 μg/mL, and H2O2 in a concentration of 4%, NaCl 
20%, and 1.5% cetrimide-0.15% chlorhexidine (10% 
Savlon-Turkey) were used to determine the scolicidal 
effects. Albendazole (ABZ) derivatives and other 
scolicidal agents were applied to a minimum of 100 
scoleces for 5 and 10 min. The degree of viability was 
calculated according to the number of living scolices 
per field from a total of 100 scolices observed under 
the microscope.

RESULTS: After 5 min, ABZ sulfone was 97.3% 
effective, ABZ sulfoxide was 98.4% effective, and the 
combined solution was 98.6% effective. When sulfone, 
sulfoxide and the combined solutions were compared, 
the combined solution seemed more effective than 
sulfone. However, there was no difference when the 
combined solution was compared with sulfoxide. After 
10 min, hypertonic salt water, sulfone, sulfoxide, and 
the combined solution compared to other solutions 
looked more effective and this was statistically 
significant on an advanced level. When sulfone, 
sulfoxide, and the combined solutions were compared 

with each other, the combined solution appeared more 
effective than sulfone. When the combined solution 
was compared with sulfoxide, there was no difference.

CONCLUSION: Despite being active, ABZ metabolites 
did not provide a marked advantage over 20% 
hypertonic saline. According to these results, we think 
creating a newly improved and more active preparation 
is necessary for hydatid cyst treatment.
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INTRODUCTION
Treatments of  hydatid disease have been suggested 
in many examples within the l i terature and text 
books, including systemic administration of  various 
chemotherapeutic agents, surgery, and the percutaneous 
approach. The efficacy of  systemic chemotherapy 
is limited[1-4]. Although surgery is the recommended 
treatment for liver hydatid cyst, percutaneous treatment 
has been introduced as an alternative treatment, 
especially in patients who cannot or do not want to 
undergo surgery[4,5]. There is no completely satisfactory 
surgical approach, but the operation is best performed 
by experts. The main object is to remove the cyst 
completely, without soiling and infecting the peritoneum 
and with complete obliteration of  the resulting dead 
space. Complete removal of  the cyst, with its adventitia, 
is ideal to avoid spilling the contents. The usual operation 
is cystectomy with removal of  the germinal and 
laminated layers and preservation of  the host derived 
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ectocyst[6]. Instillation of  a scolicidal agent into hepatic 
hydatid cysts to reduce the risk of  spillage of  viable 
protoscolices is an integral part of  the surgical technique 
for many surgeons. For over 20 years, benzoimidazole 
derivatives have been widely used in the medical 
treatment of  hydatidosis. The current literature suggests 
that amongst all of  these, albendazole (ABZ) is the 
most effective and useful drug for the medical treatment 
of  hydatid disease[7]. After oral administration, ABZ is 
oxidized to a sulfoxide, which is in part further oxidized 
to a sulfone, and ABZ sulfoxide is the main metabolite in 
vivo[8]. The metabolites of  ABZ are characterized by their 
low solubility in water and poor absorption[9]. ABZ has 
a scolicidal effect via its biologically active metabolites 
ABZ sulfoxide and ABZ sulfone, the latter being more 
effective. The first aim of  this in vitro study was to 
establish the use of  ABZ sulfoxide, ABZ sulfone, and 
the combined solution as scolicidal agents on the hydatid 
cyst. The second aim was to compare their effectiveness 
with other scolicidal agents.

MATERIALS AND METHODS
Protoscolex collection
For this in vitro study, we used scolex solutions collected 
from 25 patients who underwent operations for liver 
hydatid disease at the Haseki Teaching and Research 
Hospital, Department of  General Surgery from 2002 to 
2004. All samples were examined and identified at the 
Istanbul University, Faculty of  Medicine, Department of  
Microbiology and Clinical Microbiology. For this study, 
ABZ sulfone and ABZ sulfoxide were purchased from 
Unimark Remedies Ltd Company in India (Certificate of  
Analysis of  working standard ABZ/IMP001/02-Date 
17.04.2002).

Effectiveness of ABZ and other solutions in vitro
ABZ sulfone and ABZ sulfoxide dissolve poorly and 
slowly in water; however, in order to avoid the effects of  
other solvents, normal saline (0.9% NaCl) was used as 
a solvent, so that any scolocidal effect and tissue injury 
would be due only to ABZ sulfone and ABZ sulfoxide. 
Preparation of  the ABZ sulfone and ABZ sulfoxide 
solutions was as follows: 10 mg ABZ sulfone and ABZ 
sulfoxide was dissolved in normal saline and brought 
to a final volume of  100 mL, and then the solution was 
mixed for 12 h at room temperature by a magnetic mixer. 
The solutions were further diluted by normal saline to 
obtain 50 μg/mL ABZ sulfone and ABZ sulfoxide in 
the final working solutions. We diluted another solution 
of  ABZ sulfone and ABZ sulfoxide mixed together to 
a total of  50 μg/mL. All three solutions were sterilized 
by UV. Moreover, for comparison, we used H2O2 in 4% 
concentration, NaCl 20%, and 1.5% cetrimide-0.15% 
chlorhexidine (10% Savlon-Turkey) solut ion to 
determine the scolicidal effects.

The scolices were mixed with each solution for 5 and 
10 min. The scolices were separated from the solutions 
and washed by normal saline. A few drops were smeared 
on an object glass and a drop of  eosin was added; the 

slide was then covered with a cover glass and evaluated 
under the light microscope. For each different solution 
at both 5 and 10 min, the percentages of  dead scolices 
were determined by counting a minumum of  100 
scolices. With regard to the viability of  cysts, the same 
criteria were used as defined in a previous report[10]. 
Scolices that lost their ellipsoid shape and became round, 
had rostellums rolled in, showed vacuolar degeneration, 
and took in eosin were considered dead; all four criteria 
had to be met for a scolex to be accepted as dead.

Statistical analysis
All statistical calculations were based on an analysis of  
comparing means by a paired samples t test. Differences 
were determined using the least significant differences, 
and P < 0.05 was considered to be significiant.

RESULTS
This in vitro study demonstrated that 50 μg/mL ABZ 
sulfone killed 97.3% of  the scolices, ABZ sulfoxide 
killed 98.4% of  the scolices, and the combined solution 
(sulfone + sulfoxide) killed 98.6% of  the scolices in  
5 min (Figure 1). The second part of  the study showed 
that the three ABZ solutions respectively killed 98.6%, 
99.5%, and 99.6% of  the scolices in 10 min. Among the 
other solutions that were used, hypertonic salt water was 
seen to be most effective on scolices. Hypertonic saline 
solution respectively killed 98.2% and 99.5% of  the 
scolices in 5 and 10 min (Table 1). In the first part of  the 
study, the scolicidal effects of  hypertonic salt water, the 
ABZ sulfone, ABZ sulfoxide, and the combined solution 
were seen to be statistically significant on an advanced 
level compared to cetrimide and peroxide. When sulfone, 
sulfoxide, and the combined solution were compared to 
hypertonic salt water, no statistical significance was seen 
(P > 0.05). When sulfone, sulfoxide, and the combined 
solutions were compared with each other, the combined 
solution was seen to be more effective. When comparing 
the combined solution to sulfoxide there was not any 
difference.

In the second part of  the study, again hypertonic salt 
water, sulfone, and the combined solution were seen to 
be more effective compared to other solutions and were 

Figure 1  Light microscopy of Echinococcus granulosus microcysts 
incubated in vitro with ABZ.
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seen to be statistically significant on an advanced level as 
well. When sulfone, sulfoxide and the combined solution 
were compared to hypertonic salt water, hypertonic salt 
water was seen to be statistically significant compared to 
sulfone, but it was not seen to be significant compared 
to the others. When sulfone, sulfoxide and the combined 
solution were compared to each other, the combined 
solution was seen to be more effective compared to 
sulfone. Upon comparing the combined solution with 
sulfoxide, there was not any difference.

When each solution was compared based on 5 and 10 
min timing in the first and the second part of  the study, 
the scolicidal effects of  each solution in the second part 
were statistically significant (P < 0.05).

DISCUSSION
There are currently three treatment options for hydatid 
disease of  the liver: surgery, which remains the most 
efficent treatment, percutaneous aspiration and medical 
treatment. In general, hydatidosis is a public health 
problem, especially in our country, and the treatment 
often is selected depending on the social and medical 
professional’s conditions. Since the 1990s, percutaneous 
treatment has been used increasingly. Surgery remains 
the most effective treatment, which aims to treat 
concurrently the parasitic disease, the cavity, and often 
the biliary complications. Although surgery is technically 

demanding and often considered risky, the development 
of  hepatic surgery permits safer performance of  this 
therapeutic option.

Ideally, therapy of  liver hydatid disease should be 
able to cure the disease with a low morbidity. Failure of  
treatment is defined as recurrence and complications 
related to the intervention. Protection of  the operation 
field is mandatory before the planned operation on 
the cyst or before the cyst is emptied. Preoperative 
destruction of  the cyst’s contents and preventing 
infection of  the surrounding area has an important role 
for success of  the operation; also, this procedure helps to 
prevent the illness from returning[11]. For sterilization of  
the cyst, several parasiticidal substances have been used. 
Scolicidal solutions remain indispensable in the treatment 
of  hydatid cyst disease. Properties of  an ideal solution 
would be inexpensiveness and the promotion of  a rapid 
and complete scolicidal effect with an absence of  local 
and systemic side effects. From this point of  view, no 
ideal solution and agents have been described yet.

ABZ carbamate is one of  the most important 
benzimidazole derivatives used against liver flukes, 
tapeworms, and lung and gastrointestinal roundworms. 
ABZ is normally not detectable in human plasma since 
it is rapidly metabolized to its major active metabolite as 
ABZ sulfoxide and ABZ sulfone. ABZ sulfoxide is the 
main metabolite in vivo[8,12-14]. ABZ leads to a decrease 
in the glycogen content of  the cyst wall, inhibits acid 
phosphatase, ATP, pyruvate kinase, phosphoenolpyruvate 
kinase, and causes cellular autolysis and degeneration in 
the microthrics and the microtubuli[15].

Despite ABZ being used preoperat ively and 
postoperatively for hydatid cyst treatment, today there 
is no comparative study in the literature, especially 
concerning ABZ metabolites’ preoperative scolicidal 
effectiveness (Table 2). In our study, the ABZ metabolites 
of  ABZ sulfoxide, ABZ sulfone, and the combined form 
were applied directly on the scolices. In this case, the 
reason why we chose ABZ metabolites over ABZ was 
that ABZ was not effective directly on the body. Also, 
we determined how much time was needed for each of  
the metabolites to be effective and on how many scolices 
they were effective.

In both parts of  the study, cetrimide was found 
to be the least effective in killing the scolices. This 
result showed a dissimilarity from other limited studies 
performed in the literature. Besim et al [16] reported 
that cetrimide-chlorhexidine was the most potent 
scolicidal agent in vitro. Half-percent cetrimide and 
0.05% chlorhexidine combination for 5 min is an 
effective protoscolicidal agent in labaratory and clinical 

Table 1  The use of different scolicidal agents at the 5th and 10th min for the treatment of hydatid disease (in vitro  
results)

Time     NaCl 20%        H2O2     Cetrimide         Sulfone      Sulfoxide Sulfone + Sulfoxide

5th min           98.2%          90.3%          86.9%          97.3%          98.4%             98.6%
10th min           99.5%          95.7%          92.6%          98.6%          99.5%             99.6%

Table 2  Different scolicidal agents in literature

Author Agents Results

Caglar et al[26] (2008) 20% silver nitra (20 min) 100% death
50% Dextroz (30 min) 100% death
20% NaCl (45 min) 100% death
20% Mannitol (45 min) 100% death

Frayha et al[27] (1981) Cetrimide 0.5%-1% (10 min) 100% death
Kayaalp et al[28] (2002) 10%-30% NaCl (3, 6, 75 min) 100% death
Sonişik et al[11] (2002) 10%-30% NaCl ( 3, 6 and 75 min) 100% death
Besim et al[16] (1989) 20% Saline (15 min) 100% death

95% Ethyl alcohol (15 min) 100% death
10% Polyvinyl pirrolidone 
iodine (15 min)

100% death

3% H2O2 (15 min) 100% death
Erzurumlu et al[20] 
(1998)

Albendazole sulfoxide 
20 μg/mL

5% death

Albendazole sulfoxide 
50 μg/mL

50% death

Albendazole sulfoxide 
100 μg/mL

100% death

Adas et al (our study) 20% NaCL (5 min) 98.2% death
(2008) 3% H2O2 (5 min) 90.3% death

Cetrimide (5 min) 86.9% death
Albendazole sulfone (5 min) 97.3% death
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studies[16]. Sonişik et al[11] further supported the potent 
scolicidal effect of  cetrimide with a clinical study. The 
disadvantages of  cetrimide, namely metabolic acidosis 
and methemoglobinemia, have been reported[17]. In the 
literature, hypertonic salt water (20%) was 100% effective 
on scolices after 6 min, and this is probably the most 
widely used scolicidal agent in current practice because 
of  its availability and effective scolicidal properties[17]. In 
our study, this treatment was found to be 98.2% effective 
at the end of  min and 99.5% effective at the end of   
10 min[17]. Hypertonic saline can cause acute hypernatremia. 
H2O2 was not found to be 100% effective on scolices 
in our study. Because of  the side effects, it is not used 
in many fields today. Landa García et al[18] tested four 
scolicidal agents (10% H2O2, 10% providone iodine, 
praziquantel, 10% hypertonic saline) and reported that 
10% H2O2 and 10% providone iodine were much more 
potent than the other agents. Even though 10% H2O2 
was defined as a powerful scolicidal agent in vitro by 
Meymerian et al[19], fatal air embolism and anaphylactic 
shock have also been reported with 10% H2O2.

Today, ABZ and its metabolites are not used as 
scolicidals for the preoperative routine. ABZ is the 
most widely used substance for the medical treatment 
of  hydatid cyst disease. It has a scolicidal effect via its 
biologically active metabolites sulfone and sulfoxide. 
ABZ sulfoxide is more effective than ABZ sulfone. 
There is no study examining whether one of  the 
metabolites or combinations are more effective as a 
preoperative scolicidal. On this topic, there have been 
two experimental studies by Erzurumlu et al[20-22]. He 
demonstrated that 20 μg/mL ABZ sulfoxide killed 5% 
of  the scolices in 15 min, scolicidal activity was 50% with 
a 50 μg/mL solution, and it was 100% for a 100 μg/mL 
solution[20]. The other study showed that 10%, 5% and 
1% ABZ solutions had complete scolicidal effects[21]. 
ABZ was used experimental ly for percutaneous 
treatment of  hydatid cysts. Deger et al[3] demonstrated 
that ABZ sulfoxide injection as a scolicidal agent in 
the percutaneous treatment of  cystic echinococcosis 
seems to be effective in sheep. Yetim et al[22] further 
supported percutaneous treatment with the idea that 
ABZ solutions are effective as scolicidal solutions on 
rabbits. Greater scolicidal effects and fewer side effects 
on the hepatobiliary system are the advantages of  ABZ 
solution[22]. It is known that scolicidal solution injection 
in the cysts or the biliary system leads to a rise in liver 
enzyme level. It has also been shown that systemically 
administered ABZ can lead to the same changes[3,22,23].

When the first and the second part of  the study were 
compared, it was seen that all of  the solutions that were 
used were more effective at the end of  10 min. This 
result was statistically significant, as it showed us that 5 
min of  preoperative waiting time was not enough.

In conclusion, none of  the solutions killed 100% 
of  the scolices at the end of  5 and 10 min. With 
the aim of  preventing the spread to the operations’ 
surrounding area and the peritoneum, it is necessary 
to strictly protect the surrounding area of  the cyst. 

Despite the effectiveness of  ABZ metabolites, no 
distinctive advantage was provided compared with 
20% hypertonic saline. Its harder obtainability, harder 
preparation, and high cost are some of  the important 
disadvantages. For this reason, it cannot be seen as an 
ideal scolicidal agent. An ideal scolicidal agent is defined 
as being potent in low concentrations, acting in a short 
period time, being stable in cyst fluid, not affected by 
dilution with the cyst fluid, being able to kill the scolex 
in the cyst, being non-toxic, having low viscosity, and 
being readily avaliable and easily prepared, as well as 
being inexpensive[24,25]. In conjunction with prevention 
of  cystic fluid spillage, total evacuation and prevention 
of  any contact of  the germinative membrane with the 
peritoneal surface are essential because the germinative 
membrane can contain viable protoscoleces despite 
proper cyst fluid inactivation. Walling off  the surgical 
field with laparotomy sponges soaked in scolicidal agents 
is the most important step in hydatid cyst surgery. If  
ABZ metabolites can be obtained for commercial use 
and can be inexpensive, the usage of  them could be 
more common. Combined and sulfoxide solutions were 
found to be more effective than sulfone. In our clinical 
practice, it is usually the 20% hypertonic saline solution 
that is used. However, it presents serious intraoperative 
problems related to hypernatremia. Therefore, we need 
less harmful but more effective drugs in hydatid disease 
treatment. Our study sheds light on the fact that ABZ 
metabolites may well meet this requirement.
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