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Abstract 
Background: Approximately 25% of hepatic hydatid cysts rupture into the 
biliary tract. The precise effect of bile within the cyst on protoscoleces re-
mains unclear. We aimed to elucidate the effect of bile on protoscoleces. 
Methods: The contents of hydatid cysts from the livers of three sheep were 
aspirated under sterile conditions. The aspirated contents were divided into 
50 separate Eppendorf tubes (5 cc). Samples from each tube were stained 
with 0.1% eosin Y. Pink stained protoscoleces were considered dead under 
light microscopy (x100). A total of 100 protoscoleces were counted in each 
sample, and the number of live and dead protoscoleces was recorded. The 
tubes were randomly divided into five groups. Group 1 served as the con-
trol, Group 2 received normal saline (NS), Group 3, received hypertonic sa-
line, Group 4 received bile, and Group 4 received diluted bile. The number 
of live and dead protoscoleces was recorded at the end of the first and sec-
ond hours.  
Results: Compared to the initial count of live protoscoleces, the number of 
live protoscoleces increased at hours 1 and 2 in Groups 2 and 4. No live 
protoscoleces remained at hours 1 and 2 in Group 3. There was no signifi-
cant change in Group 5. When compared to the control group, a significant 
increase in viability was observed only in Group 4 (P=0.001). 
Conclusion: Bile of sheep does not exhibit scolicidal effects; rather, it positive-
ly affects protoscoleces by increasing viability. 
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Introduction 
 

 hepatic hydatid cyst (HHC) is a 
zoonotic disease characterized by 
regional involvement caused by 

Echinococcus granulosus. It most commonly 
affects the liver and lungs, with liver 
involvement present in approximately two-
thirds of  cases (1). In 25% of  HHC cases, 
clinical conditions such as biliary colic, 
cholangitis, and obstructive jaundice arise due 
to rupture into the biliary tract (2–4). 
Treatment for HHC includes medical, surgical, 
and interventional radiological methods (PAIR: 
percutaneous aspiration, injection of  a 
scolicide, and reaspiration). Surgical treatment 
is generally required for cases of  HHC 
associated with bile. Endoscopic retrograde 
cholangiopancreatography (ERCP) is also 
used in diagnosis and treatment. If  clinical 
symptoms of  obstructive jaundice and 
cholangitis are present, ERCP is strongly 
recommended (5). 

The choice of  scolicidal agent for the above 
mentioned treatments remains controversial. 
An ideal germicidal agent should have no 
toxic effects on the biliary tract, be effective 
on cystic vesicles, and have no systemic effects. 
Hydrogen peroxide, cetrimide, 20% 
hypertonic saline, 0.5% silver nitrate, 
chlorhexidine, 10% polyvidone iodine, and 
70% alcohol are commonly used for this 
purpose. Among these, 20% hypertonic saline 
is the most frequently used. However, cases of  
sudden death associated with hydrogen 
peroxide use have been reported (6). 
Hypernatremia and sclerosing cholangitis have 
been documented with the use of  hypertonic 
saline, and sclerosing cholangitis has been 
reported with alcohol use. Therefore, the use 
of  scolicidal agents such as alcohol and 
hypertonic saline during PAIR is not 
appropriate if  the hydatid cyst is opening into 
the biliary tract (7,8). Due to the lack of  
sufficient information in the literature 

concerning the scolicidal effect of  bile, 
surgical treatment is required even if  ERCP is 
performed in bile related HHC. If  bile were 
indeed scolicidal, ERCP alone could suffice as 
treatment, eliminating the need for surgical 
interventions. 

There is no consensus in the literature 
regarding a scolicidal agent that can safely be 
used in bile-related HHC cases. In clinical 
practice, there is a general belief  that bile can 
be scolicidal. In a study where this theory was 
tested, chenodeoxycholic acid, a bile acid, was 
reported to induce apoptosis in protoscoleces 
(9). However, there is a scarcity of  research in 
the existing literature investigating the effect 
of  bile on protoscoleces. Therefore, we aimed 
to examine the effect of  bile on protoscoleces. 
 
Materials and Methods 
 

The research was carried out at the 
Microbiology Laboratory of  Health Sciences 
University Konya City Hospital in Turkey.  

The study was started after receiving local 
ethics committee approval (August 5, 
2021/01-23).  

The sheep livers utilized in the study were 
procured from the Karatay District 
Directorate of  Agriculture under veterinary 
supervision (Fig. 1). Cyst contents were 
aspirated from three sheep livers with hydatid 
cysts using a syringe under sterile conditions. 
Concurrently, bile samples were obtained from 
the same sheep. In total, fluid was extracted 
from eight different cysts in three livers. 
Specimens with cystic fluid volumes below 10 
cc were not included in the study. A 
cumulative volume of  100 cc of  cystic fluid 
was collected. Both cystic fluids and bile 
samples were promptly transported to the 
laboratory within one hour at 0-4 °C under 
sterile conditions. 
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Fig. 1: Images of hydatid cysts in sheep livers 
 

The cyst contents obtained from sheep were 
divided into two separate large Eppendorf  
tubes and allowed to stand for one day to 
achieve sedimentation. The supernatant 
portions were then separated. From the 
remaining portion (approximately 10 cc 
remained in each large Eppendorf  tube), 
approximately 1 cc each was stained with 
eosin Y to assess the presence of  viable 
protoscoleces. As viability was observed in 
more than 10% of  the samples from both 
tubes, both tubes were included in the study. 
Portions of  the precipitate remaining in the 
two large Eppendorf  tubes were combined in 
another tube. Approximately 30 cc of  
additional supernatant was added to increase 
this 20 cc volume to 50 cc. As a result, a 50 cc 
mixture of  precipitate and supernatant to be 
used in the study was obtained.  

The resulting 50 cc solution was 
homogenized and divided into 50 separate 5 
cc Eppendorf  tubes. (Fig. 2-A,B,C,D) Each 

tube was filled with 1 cc of  homogenized cyst 
fluid. The following five groups were created, 
with 10 tubes allocated to each group:  

Group 1: control  
Group 2: normal saline (NS)  
Group 3: hypertonic saline (HS) 
Group 4: bile 
Group 5: diluted (1/2) bile with NS 
From each tube, 0.1 cc of  fluid was 

extracted, and the staining procedure was 
conducted using 0.1 ml of  0.1% eosin Y 
solution (Fig. 2-E). Following staining, the 
tubes were incubated in an oven for five 
minutes at 37 °C. To ensure a homogeneous 
environment and the retrieval of  equal 
amounts of  cells from each tube, the tubes 
were vortexed to mix thoroughly. A total of  
100 protoscoleces were counted. 
Protoscoleces exhibiting a pink coloration due 
to eosin Y staining were deemed dead (Fig. 3). 
The counts of  live and dead protoscoleces 
were recorded for the 50 tubes. 

 

 
 

Fig. 2: Images of the laboratory procedures performed 
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Fig. 3: Images of dead and live protoscoleces under a light microscope (x100) 
 

Group 1: Ten tubes were kept in the oven 
(37 °C) without any intervention.  

Group 2: To each of  the ten tubes, 1 cc of  
NS was administered. Following this 
procedure, the tubes were kept in the oven 
(37 °C). 

Group 3: To each of  the ten tubes, 1 cc of  
HS (20%) was administered. Following this 
procedure, the tubes were kept in the oven 
(37 °C). 

Group 4: To each of  the ten tubes, 1 cc of  
undiluted bile obtained from sheep was 
administered. Following this procedure, the 
tubes were kept in the oven (37 °C). 

Group 5: To each of  the ten tubes, 0.5 cc of  
bile obtained from sheep was administered 
after dilution by 50% with NS. Following this 
procedure, the tubes were kept in the oven 
(37 °C). 

Samples of  0.1 cc were extracted from all 
tubes at the end of  the first and second hours 
and subjected to staining procedures. Live and 
dead protoscoleces were counted under a light 
microscope and recorded. 

Prior to commencing statistical analysis, the 
Kolmogorov-Smirnov and Shapiro-Wilk tests 
were conducted to assess normality. In cases 
where normality could not be achieved in any 
of the groups, non-parametric methods were 
employed. The analysis of variance (ANOVA) 
test was performed for multiple group com-
parisons. The Bonferroni and Tamhane-T2 

tests were used based on the homogeneity or 
non-homogeneity of variances, respectively. 
The repeated measures ANOVA was con-
ducted to assess changes in the proportions of 
live protoscoleces within groups. Quantitative 
variables were presented as mean (standard 
deviation) values. Statistical analysis was con-
ducted using the Statistical Package for the 
Social Sciences (SPSS), version 22.0 (IBM 
Corp., Armonk, NY, USA), and a significance 
level of P< 0.05 was considered statistically 
significant. 

 
Results 
 

In Group 1, the mean number of live proto-
scoleces at baseline was 27.5 (±12.7), decreas-
ing to 19.7 (±9) at hour 1 and increasing to 
29.6 (±8.3) at hour 2. Group 2 exhibited an 
initial mean count of live protoscoleces of 
24.6 (±10.5), which increased to 26.5 (±10.2) 
at hour 1 and further to 38.3 (±10.5) at hour 2. 
In Group 3, the initial count of live protosco-
leces was 27.4 (±11.6), with no live protosco-
leces remaining at hours 1 and 2. Group 4 
displayed an initial count of live protoscoleces 
of 34.1 (±14.8), increasing to 41.8 (±7.8) at 
hour 1 and to 50 (±8.8) at hour 2. In Group 5, 
the baseline count of live protoscoleces was 
50.6 (±4.5), decreasing to 44.5 (±8.3) at hour 
1 and then increasing to 51.1 (±8.4) at hour 2 
(Table 1 and Fig. 4).  
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Table 1: Comparison of live protoscolex percentages between the groups 
  

Group 1 Group 2 Group 3 Group 4 Group 5 P 
Baseline 27.5 ± 12.7a 24.6 ± 10.5b 27.4 ± 11.6c 34.1 ± 14.8 50.6 ± 

4.5a,b,c 
<0.001 

Hour 1 19.7 ± 9a,b,c 26.5 ± 10.2d,e 0a,d,f,g 41.8 ± 
7.8b,f 

44.5 ± 
8.3c,e,g 

<0.001 

Hour 2  29.6 ± 
8.3a,b,c 

38.3 ± 10.5d 0a,d,e,f 50 ± 8.8b,e 51.1 ± 8.4c,f <0.001 

 
Each identical superscript (a-g) denotes sub-

sets within group categories that differ signifi-
cantly from each other at the P < 0.05 level. 

Group 1: control, Group 2: normal saline, 
Group 3: hypertonic saline, Group 4: bile, 
Group 5: diluted (1/2) bile 

 

 
 

Fig. 4: Distribution of live protoscolex percentages by group and time 
 

Upon examination of the initial counts of 
live protoscoleces, the highest value was ob-
served in Group 5 (50.6 ± 4.5). The number 
of live protoscoleces in Group 5 was signifi-
cantly higher than in Groups 1, 2, and 3 (P < 
0.001). 

At hour 1, the highest count of live proto-
scoleces was observed in Group 5 (44.5 ± 
8.3), and the lowest count was in Group 3 (0). 
The number of live protoscoleces in Group 5 
was significantly higher than in Groups 1, 2, 
and 3 (P < 0.001). Group 4 exhibited a signifi-
cantly higher number of live protoscoleces 
than Groups 1 and 3 (P < 0.001). The number 
of live protoscoleces in Group 2 was higher 
than in Group 3 (P < 0.001) (Table 1).  

At hour 2, the highest count of live proto-
scoleces was detected in Group 5 (51.1 ± 8.4), 
while Group 3 had no live protoscoleces. The 
number of live protoscoleces in Group 5 was 
significantly higher than in Groups 1 and 3 (P 
< 0.001). Group 4 exhibited a higher number 
of live protoscoleces than Groups 1 and 3 (P 
< 0.001). The number of live protoscoleces 
was higher in Group 2 than in Group 3 (P < 
0.001), and it was also higher in Group 1 than 
in Group 3 (P < 0.001) (Table 1). 

In Group 2, the number of live protoscole-
ces increased over time (P = 0.05). In Group 3, 
no live protoscoleces were observed at hours 
1 and 2 (P < 0.001). In Group 4, the number 
of live protoscoleces increased over time (P = 
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0.03). In Group 5, there was no significant 
change in the number of live protoscoleces 

over time (P = 0.05) (Table 2). 

 
Table 2: Evaluation of live protoscolex percentages within each group according to time 

  
Baseline Hour 1 Hour 2 P 

Group 1 27.5 ± 12.7 19.7 ±  9 29.6 ± 8.3 0.19 
Group 2 24.6 ± 10.5 26.5 ± 10.2 38.3 ± 10.5 0.05 
Group 3 27.4 ± 11.6 0 0 <0.001 
Group 4 34.1 ± 14.8 41.8 ± 7.8a 50 ±  8.8a 0.03 
Group 5 50.6 ± 4.5 44.5 ± 8.3 51.1 ±  8.4 0.05 

 
Each identical superscript (a) denotes subsets 

within group categories that differ significantly 
from each other at the P < 0.05 level. Group 

1: control, Group 2: normal saline, Group 3: 
hypertonic saline, Group 4: bile, Group 5: di-
luted (1/2) bile 

 
Discussion 
 

For years, the quest for a potent yet mini-
mally adverse scolicidal agent has persisted. 
Substances such as polyvidoneiodine, ethyl 
alcohol, silver nitrate, and HS are among the 
first that were utilized. Among these, HS re-
mains the most effective and commonly used 
agent to date. However, it is recognized that 
all these agents carry varying degrees of biliary 
toxicity (6-8). Therefore, the search continues 
for less toxic agents.   

In a previous study, Kısmet et al. demon-
strated the scolicidal effect of propolis in rats 
(10). Kılıçoğlu et al. examined the effect of 
honey, proven to have a scolicidal effect in 
rats, on the biliary system, concluding that it 
was safe in rats (11). The combined use of 
gold nanoparticles and lasers had a scolicidal 
effect (12). Rahimi et al. demonstrated the 
partial scolicidal effect of silver nanoparticles 
(13). Amphotericin B with silver nanoparticles 
had weak scolicidal effects, whereas Foeniculum 
vulgare (fennel) showed strong scolicidal effects 
(14). Allium sativum (garlic) extract has also 
been investigated in terms of its scolicidal ef-
fects and found effective (15). In vitro study, 
Moazeni et al. demonstrated the scolicidal ef-
fect of warm water (16). All of these studies 
were conducted in experimental settings or on 
animals, with the results of none being sup-

ported by clinical trials or adopted into clinical 
practice. 

It is known that 25% of HCC cases are as-
sociated with the biliary tract. Hence, the ef-
fect of bile secretion on protoscoleces has 
long intrigued clinicians. Many experts believe 
that bile has a scolicidal effect on protoscole-
ces; however, there is no definitive evidence to 
support this view in textbooks or literature. 

Numerous studies have explored the effects 
of bile at the cellular level. In one of these 
studies, it was reported that phospholipids in 
bile exhibited cytoprotective effects, while bile 
acids damaged cell membranes, leading to 
apoptosis. The authors also showed that bile 
had cytotoxic effects on hepatocytes (17). De-
oxycholic acid, a bile acid, induced apoptosis 
(18). Bile acids induced apoptosis in colon epi-
thelial cells, potentially leading to colon cancer 
(19). When deoxycholic acid (DCA) and che-
nodeoxycholic acid (CDCA) were used to-
gether with cinchona alkaloid, an antiparasitic 
effect against Trypanosoma cruzi was observed 
(20). DCA and CDCA have also been found 
to inhibit Bacteroides fragilis, Clostridium 
perfringens, Lactobacillus species, and Enterococcus 
strains in the intestinal flora (21). Bile acids 
have been shown to cause both DNA and 
membrane damage in gram negative and gram 
positive bacteria (22). 

In the light of the information discussed 
above, it has been speculated that bile acids 
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may exert a scolicidal effect similar to HS on 
protoscoleces. In one study, Shi et al. indicat-
ed that CDCA in bile induced apoptosis in 
protoscoleces. However, apart from that study, 
no experimental or Ex Vivo studies investigat-
ing the effect of bile on protoscoleces have 
been found in the literature. Contrary to the 
findings of that study, we found that bile did 
not have a scolicidal effect. In fact, statistically 
significant increases were observed in the via-
bility of protoscoleces following the admin-
istration of bile compared to the other sub-
stances tested. 

In experimental studies such as ours, main-
taining the viability of parasites is challenging, 
as numerous factors can contribute to proto-
scolex death. These include the eosin stain 
itself, dilution with water, and inappropriate 
storage conditions of the preparations. In our 
study, dilution with NS and incubation at 
37 °C were employed to mimic in vivo condi-
tions as closely as possible. 

One limitation of our study is that the com-
position of the bile used was not thoroughly 
examined. Different densities or contents of 
bile may have different effects. Particularly, 
the ratio and amount of bile acids may lead to 
different results. Future studies utilizing bile 
samples with similar densities and contents are 
warranted to minimize this effect. Another 
limitation is the use of both animal cyst con-
tents and animal bile in our study. Studies us-
ing samples obtained from human hydatid 
cysts and bile would have higher clinical rele-
vance. 
 
Conclusion 
 

Our study is the first to investigate the effect 
of bile on protoscoleces. The key findings of 
this study indicate that the general belief 
among clinicians regarding the scolicidal effect 
of bile is inaccurate, and the existing literature 
on this topic is insufficient. Further studies 
examining bile content in more detail and fo-
cusing on isolated bile acids are needed. 
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