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Abstract 
   Hydatid disease has significant economic and health impacts in many parts of the world in-

cluding Egypt and the Middle East. Surgery remains the most efficient treatment, however, 

dissemination of protoscolex-rich fluid during surgery is a major cause of recurrence. Instilla-

tion of a scolicidal agent into hydatid cysts is the most commonly employed measure to pre-

vent this complication. To date, various scolicidal agents have been tried with varying suc-

cess.Many of these scolicidal agents may cause unacceptable side effects.  The present study 

investigated the scolicidal effect of bee venom (BV) on Echinococcus granulosus protoscoli-

ces. Protoscolices were incubated with 50ppm and 100ppm BV for 30 minutes and scolicidal 

effect was assessed by motility, eosin exclusion test, morphological and ultrastructural altera-

tions by light microscopy  and Transmission Electron Microscopy (TEM). Apoptosis was de-

termined by caspase-3 immunohistochemistry. Protoscolices incubated with 50ppm BV 

showed decreased viability by eosin exclusion test while those incubated with 100ppm BV 

showed a 100% death rate. BV caused distinct alterations in the morphology of protoscolices 

by both light microscopy and TEM and the expression of caspase-3 in protoscolices incubated 

with BV was significantly high. The results of the present study suggested that BV can be a 

very promising scolicidal agent and further studies on its effects and safety in experimental an-

imals are recommended. 
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Introduction 
   Cystic echinococcosis (CE) is a zoonotic 

parasitic disease caused by the larval stage 

of Echinococcus granulosus(E. granulosus). 

It is endemic and has significant economic 

and health impacts in many parts of the 

world including Egypt and the Middle East 

(Sadjjadi, 2006; El-Shazly et al, 2007). 

Dogs and other canids are the definitive 

hosts that harbour the adult tapeworms while 

herbivores act as intermediate hosts and be-

come infected through ingestion of the para-

site’s eggs excreted in the feces of the defin-

itive host. Humans acquire the infection by 

accidental ingestion of E. granulosus eggs 

(Sarkari and Rezaei, 2015). Hydatid cysts 

are mostly localized in the liver (50–80%) 

while the second most common site is the 

lungs (5-30%). Cysts have also been detect-

ed in the spleen, kidney, heart, bones, the 

central nervous system, and other organs but 

with less frequency (Sayek et al, 1980).  

Protoscolices inside the cysts are microscop-

ic larvae capable of development to adult 

worms in the final host intestine or to sec-

ondary hydatid cysts in the intermediate host 

viscera (Sharafi et al, 2017). 

   There were four treatment options for hy-

datid disease: surgery, percutaneous aspira-

tion, medical treatment and watch and wait 

(Bru-netti et al, 2010). Surgery remains the 

most efficient and widely used treatment 

modality, however, dissemination of proto-

scolex-rich fluid during surgery is a major 

cause of recurrence. Operative spillage may 

also lead to secondary disseminated intraper-

itoneal hydatidosis (Rajabi, 2009). Instilla-

tion of a scolicidal agent into a hepatic hyda-

tid cyst is the most commonly employed 

measure to prevent this serious complication 

(Tozar et al, 2005). Till now, various scoli-

cidal agents including plant extracts, Al-

bendazole, hypertonic saline, hypertonic 

glucose, ethyl alcohol, silver and selenium 

nanoparticles were tried with various suc-

cess (Pérez-Serrano et al, 1994; Besim et al, 
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1998; Kayaalp et al, 2001; Hosseini et al, 

2006; Moazeni and Nazer, 2010; Moazeni 

and Roozitalab, 2012; Mahmoudvand et al, 

2014; Rahimi et al, 2015). Unfortunately, 

many of these scolicidal agents might cause 

unacceptable side effects, limiting their use 

(Moazeni and Alipour-Chaharmahali, 2011). 

Thus, finding new scolicidal agents with 

fewer side effects, low cost, and high effica-

cy was an urgent need for surgeons (Adas et 

al, 2009). 

   Honey bee venom (BV) is a liquid blend 

of biologically active substances comprising 

proteins, peptides, enzymes and other small 

molecules (Pak, 2017). These biologically 

active compounds contain various peptides 

such as melittin, apamin, adolapin and mast 

cell degranulating (MCD) peptide; enzymes 

such as phospholipase A2 (PLA2) and hyal-

uronidase as well as different biological am-

ines including histamine and epinephrine 

(Moon et al, 2008; Zhou et al, 2010). Melit-

tin is a small protein containing 26 amino 

acid residues and is the main bioactive com-

ponent in BV. It has been reported to exert 

hemolytic and antimicrobial effects through 

membrane perturbations, constriction or di-

latation of blood vessels, damage to enzyme 

systems and pro-inflammatory effects (Lee 

et al, 2007). 

   BV has long been used for treatment of 

rheumatoid arthritis and skin diseases. It was 

also successfully used to treat several infec-

tions. Mansour et al.(2016) evaluated BV as 

a treatment of Foot-and-Mouth disease in 

goats and Guinea pigs. There were impro-

vements in hematological, biochemical and 

histopathological tests. The clinical signs 

decreased during the treatment period and 

the viral load significantly decreased. The 

antiviral effect of BV was also reported on 

Human Immunodeficiency Deficiency virus 

(HIV) (De-Clerq, 2000). BV has also been 

reported to have strong antibacterial activity 

against both Gram-negative and Gram posi-

tive bacteria and has also shown notable an-

tifungal activity against Trichophyton men-

tagrophytes and Trichophyton rubrum (Yu 

et al, 2012). 

  The present study aimed to investigate the 

scolicidal effect of bee venom on Echinoco- 

ccus granulosus protoscolices. 
 

Materials and Methods 
   E. granulosus hydatid cysts were collected 

from the lungs of naturally infected camels 

slaughtered at Cairo Governmental Abattoir. 

The solution inside each cyst was aspirated 

by a sterile syringe and allowed to settle in a 

sterile Falcon tube, where the protoscolices 

were precipitated and the supernatant was 

discarded. Protoscolices were then washed 

by sterile saline. 

   The viability of protoscolices was deter-

mined prior to experimental study by obser-

vation of motility of protoscolices and eosin 

exclusion test. A 0.1% eosin solution was 

added to the protoscolices solution in a ratio 

of 1:1. After 15 minutes, the viability of pro-

toscolices was determined by observing the 

change of color under a light microscope. 

The numbers of viable/non-viable protoscol-

ices were determined in 10 randomly chosen 

fields. Dead protoscolices absorb eosin and 

color red while viable protoscolices remain 

colourless. Viable protoscolices are mostly 

motile and show flame cell activity when put 

onto slides, covered with coverslips and 

counted under a light microscope. The pro-

toscolices suspension was considered suita-

ble for use when >95% of protoscolices 

were viable. 

   Bee venom (BV): Bee venom was obtain-

ed from VACSERA (Egypt) under the trade 

name Abevac (1mg/ml vial) which is puri-

fied bee venom from Apis mellifera.  

   Effectiveness of BV on protoscolices: A 

drop of protoscolex-rich sediment contain-

ing 1500 protoscolices was added to each 

tube. Protoscolices were incubated with two 

concentrations of BV (50ppm & 100ppm) 

for 30 minutes at 37°C. At the end of the 

incubation period, the upper portion of the 

solution was discarded without disturbing 

the settled protoscolices and the protoscoli-

ces were washed with sterile saline. At least 
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1500 protoscolices without exposure to BV 

were used as a control group. The scolicidal 

effect of BV was assessed by observation of 

motility, eosin exclusion test, cellular exam-

ination by light microscopy and ultrastruc-

ture examination by TEM. Apoptosis was 

determined by caspase-3 immunohistochem-

istry. 

   Light microscopy: Both control and BV-

incubated protoscolices were fixed in 10% 

formalin, processed to paraffin blocks, cut, 

rehydrated and stained with hematoxylin and 

eosin (H & E) and examined under the light 

microscope. 

   Transmission electron microscopy: TEM 

was used to study the ultrastructural changes 

in both control and BV-incubated protoscol-

ices. Parasite material was fixed with 2.5% 

(v/v) glutaraldehyde in 0.1 cacodylate buff-

er, pH 7.2 for 1hr. Fixed samples were 

washed twice in PBS and then post-fixed 

with 1% (v/v) osmium tetroxide in 0.1 Mca-

codylate buffer for 30 minutes, pH 7.2, at 

room temperature. They were dehydrated in 

increasing concentrations of ethanol. A final 

dehydration step was done in 100% propyl-

ene oxide and then samples were embedded 

in Epon 812 epoxy resin. Ultra-thin sections 

were cut by an ultra-microtome, mounted on 

upper grids and stained by uranyl acetate 

and lead citrate. Sections were examined 

under the TEM JEOL JEM-1200 EX II. 

   Immunohistochemistry: Caspase-3 anti-bo 

dies were diluted 1:300 and sections were 

subjected to high-pressure, high temperature 

antigen retrieval and subjected to staining 

procedures according to the kit instructions 

(Dako). The slides went through colour de-

velopment with DAB, counterstained with 

hematoxylin and observed under light mi-

croscopy. Yellow-brown staining in cyto-

plasm (may include nuclei) was considered 

as caspase-3 positive (Hu et al, 2011). 

   Statistical analysis: All experiments were 

performed at least 3 times. Data were pre-

sented as M±SD. Student’s t-test was used 

to detect the statistical significance and was 

significant when p value was <0.05 and 

highly significant when p value was <0.001. 

 
Results 

   Viability of protoscolices: Following iso-

lation of protoscolices from hydatid cysts, 

eosin exclusion test revealed that 97% of 

protoscolices were viable and 80% showed 

distinct movements with flame cell activity. 

The majority of protoscolices were invagi-

nated but around 20% were evaginated with 

clear rostellum and sucker. When eosin ex-

clusion test was repeated after 30 minutes, 

93% of control protoscolices were viable 

while only 54% of protoscolices incubated 

with 50ppm BV were viable with a highly 

significant statistical difference (p<0.001). 

There was a 100% death rate in protoscoli-

ces incubated with 100ppm BV with a high-

ly significant statistical difference (p<0.001) 

(Figs. 1 &2). 

   Morphological changes by light microsco-

py: Control protoscolices were clear and in-

tact and the calcareous corpuscles were clear 

and bright with clear hooks and suction 

cups. Protoscolices that had been incubated 

with 50ppm BV showed vacuole formation, 

loss of suction cups and hooks, and discon-

tinuation of the cuticle, while those incubat-

ed with 100ppm BV showed detachment and 

discontinuation of the cuticle and some were 

shrunken with complete loss of integrity and 

shape (Fig. 3). 

   Ultrastructural changes by TEM: Control 

protoscolices showed a tegument syncytium 

with aligned microtriches covered by a thick 

layer of periodic acid-schiff (PAS) positive 

substance. Internal parenchymal cells of pro-

toscolices were round or oval with clear and 

large nuclei and centrally localized nucleoli. 

The chromatin was fine and smooth with a 

small amount of heterochromatin. Protoscol-

ices incubated with BV showed apoptotic 

changes. These apoptotic changes were patc-

hy in protoscolices incubated with 50ppm 

BV and generalized in those incubated with 

100ppm BV. Protoscolices incubated with 

50ppm BV showed loss of some of the PAS-
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positive material outside the tegument mi-

crotriches and condensed cytoplasm in the 

internal parenchymal cells with some apop-

totic bodies and increased lipid droplets. 

Protoscolices incubated with 100ppm BV 

showed complete loss of the PAS-positive 

material as well as shedding of the mi-

crotriches. There was also increased vacuo-

lation of the distant cytoplasm and increase 

in number of lipid droplets and apoptotic 

cells (Fig. 4). 

   Immunohistochemistry: Control protoscol-

ices did not show any expression of caspase-

3 by immunohistochemistry. The expression 

of caspase-3 in the protoscolices incubated 

with BV was significantly high. Protoscoli-

ces incubated with 50ppm BV showed large 

areas of brownish staining and those incu-

bated in 100ppm BV showed complete 

brownish staining (Fig. 5). When PBS was 

used to replace the primary antibodies in the 

staining procedure, all the slides did not 

show any brownish staining which excludes 

false-positive results. 
 

Discussion 
   Protoscolices are important targets of ther-

apeutic agents to stop the development of 

hydatid cysts since they are capable of de-

veloping into adult worms in a definitive 

host or into new hydatid cysts in an interme-

diate host (Zou et al, 2009). Many scolicidal 

agents were used to inactivate hydatid cyst 

contents. However, the majority of these sc-

olicidal agents have many side effects. The 

ideal scolicidal agent should have rapid and 

complete scolicidal effects with minimal lo-

cal and systemic side effects (Altindis et al, 

2004). 

   In the present study, BV was successfully 

used as an antibacterial, antiviral and anti-

fungal agent (Leandro et al, 2015). It has 

also proven effective against protozoan in-

fections. Crude BV was found to be lethalto 

Trypanosoma cruzi. Melittin that comprised 

40-50% of the dry weight of BV, affected all 

Trypanosoma cruzi developmental forms, 

including the intracellular amastigotes. The 

ultrastructural changes induced by melittin 

suggested the occurrence of different pro-

grammed cell death or apoptosis pathways 

(Adade et al, 2012). Also, trypanocidal meli-

ttin concentrations were not toxic to host 

cells (Adade et al, 2013). Honeybee venom 

PLA2 disrupts cell membrane integrity by 

hydrolyzing 2-acyl bonds of membrane pho-

spholipids, releasing lysophospholipids and 

fatty acids that themselves caused secondary 

membrane damage (Habermann, 1972). This 

enzyme also displayed bactericidal activity 

against Gram-negative enterobacteria, and 

was capable of lysing Trypanosoma brucei 

brucei in-vitro, at a concentration of 1mg/ml 

(Boutrin et al, 2008). The efficacy of BV 

was also reported on Schistosoma mansoni 

infected mice. The results recorded reduc-

tion in the total worm burden, numbers of 

immature eggs and ova count in hepatic tis-

sue in BV treated groups as compared to the 

infected group (Mohamed et al, 2016). 

   In the present study, the viability assay 

showed that only 54% of protoscolices were 

still viable after incubation with 50ppm BV 

for 30 minutes, while there was 100% death 

rate in the protoscolices incubated with 

100ppm BV for 30 minutes. The results of 

the viability assay coincided with the tissue 

damage observed at the structural level. 

   In the present study, BV caused distinct al-

terations in morphology of protoscolices by 

both light microscopy and TEM. Light mic- 

roscopy showed many morphological chan-

ges in the protoscolices incubated with BV 

as compared to control ones. These changes 

included vacuole formation, loss of suction 

cups and hooks, detachment and discontinu-

ation of the cuticle as well as shrinkage and 

complete loss of integrity and shape. The 

ultrastructural changes by TEM showed 

condensed cytoplasm in the internal paren-

chymal cells, increased vacuolation of the 

distant cytoplasm, increased in number of li-

pid droplets and presence of apoptotic cells 

in addition to loss of the microtriches. Simi-

larly, when Trichomonas vaginalis trophoz- 

oites were incubated with BV for 30 minu-

tes, it effectively inhibited their growth in a 
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concentration-dependent manner. TEM of 

trophozoites showed cell membrane destruc-

tion and increased autophagic vacuoles (Kim 

 et al, 2014). The morphological and ultra 

structural changes of protoscolices in this 

study were similar to changes reported by 

other drugs (Hu et al, 2011; Pensel et al, 

2017). 

   In the present study, BV not only affected 

the cellular structure of protoscolices but 

also triggered apoptosis. Apoptosis was the 

most common form of eukaryotic cell death 

(Kerr et al, 1972). Caspase-3 is a cysteine 

aspartic acid protease that plays a central 

role in the execution-phase of apoptosis. It is 

actually the major terminal proteolytic en-

zyme in the process of apoptosis (Hu et al, 

2011). The detection of caspase-3 was used 

to distinguish cell death pathways between 

apoptosis and necrosis. But, the exact mech-

anism of apoptosis in E. granulosus stages 

was not quite clear (Van-Cruchten and Van-

Broeck, 2002). In fact, understanding the 

exact mechanisms of apoptosis in E. granu-

losus stages will help the development of 

new treatment in the future. In the present 

study, the expression of caspase-3 in proto-

scolices incubated with BV was significantly 

high while control protoscolices did not 

show any expression of caspase-3 which co-

nfirmed the occurrence of apoptosis. Simila- 

rly, melittin exerted its antifungal effect on 

Candida albicans via apoptosis (Park and 

Lee, 2010). Besides, melittin was proven to 

have an inhibitory effect on the proliferation 

of human cervical cancer cell lines through 

induction of apoptosis (Zarrinnahad et al, 

2017).The induction of apoptosis by differ-

ent scolicidal agents has been previously 

reported (Hu et al, 2011; Fabri et al, 2016; 

Xing et al, 2016). 
 

Conclusion 
   The present study, proved the scolicidal 

effect of BV on E. granulosus protoscolices, 

but the exact mechanisms of anti-parasitic 

effect of BV need to be investigated. BV 

was shown to be a very promising scolicidal 

agent and further studies on its effects and 

safety in experimental animals are on-going 

and will be published in due time. 
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Explanation of figures 

Fig. 1: Protoscolices after staining with 0.1% eosin. (a)  Live protoscolices (Control)   (b) Dead protoscolices after incubation with bee ven-
om (BV) (x100). 

Fig. 2: Percentage of live protoscolices after exposure to BV for 30 minutes. 

Fig. 3: Morphological alterations of protoscolices stained with H&E. (a-c) showed normal intact protoscolices with hooks and suction cups. 
(d-f) showed protoscolices incubated with 50ppm BV; (d) showed cuticle discontinuation (di). (e) showed suction cups loss (arrow). (f) 

showed vacuoles and cuticle discontinuation (di). (g-i) showed protoscolices incubated with 100ppm BV; (g) showed detachment of cuticle 

(de) and cuticle discontinuation (di). (h) showed shrunken protoscolex with deformity. (i) showed complete loss of integrity and shape 
(x400). 

Fig. 4: Protoscolices by TEM. (a-b) Normal protoscolices showed syncytial layer of tegument (SL), PAS-positive material (arrow) and 

parenchymal cells (C) (a) (x2000) and (b) (x6000). (c-d) Protoscolices incubated with 50ppm BV (c) showed start of loss of PAS-positive 
material (arrow) (x2000). (d) showed start of loss of PAS-positive material (arrow), vacuolation of cytoplasm (V) ,condensed cytoplasm of 

parenchymal cells (C) and increased lipid droplets (l) (x4000). (e-h) Protoscolices incubated with 100ppm BV (e-f) showed shedding of 

microtriches (arrow) (e) (x2000) and (f) (x6000). (g) showed cytoplasm vacuolation (V) and condensed cytoplasm of parenchymal cells (C) 
(x8000). (h) showed apoptotic bodies (arrow) (x8000). 

Fig. 5: Expression of caspase-3 in protoscolices by immunohistochemistry. (a) control protoscolices; (b) protoscolices incubated with 50ppm 

BV showed large areas of brownish staining; (c-d) protoscolices incubated with 100ppm BV showed complete brownish staining (x400). 
 

 
 

 



 

696 
 

 
 



 

697 
 

 
 

 


