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SUMMARY

Surgical treatment of human hydatidsosis involves the use of various scolicidal agents to kill infective Echinococcus

granulosus protoscoleces that may disseminate into the peritoneal cavity during surgery and potentially re-infect the

patient. Currently, no scolicidal agent is completely effective in killing intracystic protoscoleces in humans. Cyclosporin A

(CsA) has previously been found to be lethal for E. granulosus protoscoleces in vitro. In this study, we further assessed

the effectiveness of CsA as a scolicidal agent by testing the toxic effect of CsA at higher doses over various time-periods.

Experiments were performed on activated and unactivated protoscoleces cultured in nutrientmedium or sheep hydatid cyst

fluid. All activated protoscoleces were killed following culture in 100 mg/ml of CsA for 3 days and 50 or 20 mg/ml for 5 days.

The lethal effect of CsA on unactivated protoscoleces varied but reached 100% over 15 days in culture with 100 or 50 mg/ml

of CsA. Pulse treatment of protoscoleces with 50, 20 or 10 mg/ml of CsA for 5 min or 72 h killed all parasites by day 10 and

day 5 respectively. Untreated protoscoleces remained greater than 95% viable for the duration of experiments. Changes in

protoscolex ultrastructure induced by treatment with 10 mg/ml of CsA over 10 days in in vitro culture was assessed by

TEM. Protoscolex alterations observed in treated parasites included an increase in cellular vacuolization, swelling of

mitochondria, rounding of cells, damage to the tegument, decrease in glycogen, a breakdown of the extracellular matrix and

an increase in lipid globules. The untreated protoscoleces, by comparison, had few changes during the 10-day culture

period with the exception of large amounts of extracellular glycogen observed in the protoscoleces at culture days 7 and 10.

From these results, CsA is clearly an effective scolicidal agent in vitro that may have potential application as a new

therapeutic agent in the treatment of human hydatid disease.
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INTRODUCTION

Cyclosporin A (CsA) is a cyclic peptide isolated from

the fungus Tolypocladium inflatum which has been

widely used as an immunosuppressant drug for the

treatment of organ transplant patients and some auto-

immune diseases (VonGraffenreid, 1989; Borel et al.

1996). It is also reported to possess anti-parasitic

properties affecting many parasites (Chappell &

Wastling, 1992; Page, Kumar & Carlow, 1995) in-

cluding Echinococcus granulosus (Hurd, McKenzie &

Chappell, 1993; Colebrook, Jenkins & Lightowlers,

2002). Humans infected with the larval stage of the

tapeworm Echinococcus granulosus develop hydatid

disease which can be fatal. Hydatid disease is char-

acterized by the development of fluid-filled cysts in,

most commonly, the liver and/or lungs. The disease

causes substantial morbidity and some patients re-

quire multiple surgical procedures to remove cysts

over many years. Mature hydatid cysts may contain

numerous protoscoleces which, if released from

the cyst into the body cavity or tissues, may develop

into new hydatid cysts (secondary hydatidosis).

Antihelmintics are commonly used in patients

immediately before and after surgery for hydatid

disease with a view to minimizing the establishment

of secondary echinococcosis. An alternative to ex-

cision of hydatid cysts for some hydatid patients is the

puncture-aspitation-injection-reaspiration (PAIR)

technique (WHO, 1996; Filice et al. 1997) during

which a scolicidal agent is injected into the cyst.

Various scolicidal agents have been used during the

PAIR procedure; however, these are not completely

effective in killing protoscoleces and do not eliminate

the subsequent growth or regrowth of the cysts.

A recent adaptation of the PAIR procedure is

percutaneous drug injection without reaspiration

(PEDIM) (Deger et al. 2000). However, the limi-

tations with regard to the effectiveness of scolicidal

agents applies in the case of this technique also.

Development of more potent scolicidal agents would

be a valuable adjunct to the treatment of human

hydatidosis. For this reason, the finding that CsA has

anti-parasitic properties warrants further investi-

gation to assess it’s potential application in the

treatment of hydatid disease.

The susceptibility of Echinococcus sp. to treatment

with CsA differs between species. CsA has little

effect on the development of alveolar echinococossus

in mice experimentally infected before or after
* Corresponding author. Tel : 03 9731 2292. Fax: 03 9731
2366. E-mail : amandac@unimelb.edu.au

497

Parasitology (2004), 129, 497–504. f 2004 Cambridge University Press

DOI: 10.1017/S0031182004005773 Printed in the United Kingdom

https://doi.org/10.1017/S0031182004005773 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182004005773


administration of CsA (Liance et al. 1992). In mice

experimentally infected with E. granulosus, the ad-

ministration of CsA prior to infection resulted in the

establishment of secondary hydatids with reduced

cyst fresh weight and number compared to untreated

controls. No effect was observed on established cysts

treatedwith CsA.The results of these studies suggest

a limited potential for use of CsA in the treatment

of patients with established cysts (Hurd et al. 1993).

However, the recent discovery that CsA is toxic to

protoscoleces in vitro (Colebrook et al. 2002) suggests

that CsA may be a useful scolicidal agent. It was

found that protoscoleces were killed following 7 days

culture in media containing 10 mg/ml of CsA. The

effect was dose dependent because the dose range

(0.0001–3 mg/ml) failed to induceparasite deathwhile

5 mg/ml and 8 mg/ml induced 32 and 82% death, re-

spectively, over the same culture-period. However,

these studies did not assess parasitocidal activity

at higher concentrations of CsA, nor determine the

minimum CsA exposure time required to kill the

parasite.

Here,we report the results of further investigations

of the scolicidal effects of CsA onE. granulosus proto-

scoleces in vitro, to determine the concentration re-

quired to induce 100% lethality, and describe the

ultrastructural effects on protoscoleces of exposure

to CsA.

MATERIALS AND METHODS

Collection of E. granulosus protoscoleces

Hydatid cysts were collected from liver and lungs

of naturally infected sheep slaughtered at an abattoir

in southern New South Wales. Protoscoleces were

extracted aseptically from hydatid cysts and sedi-

mented. Supernatant was removed leaving approxi-

mately 1 ml of packed protoscoleces in 10 ml of cyst

fluid. Viability of protoscoleces was assessed micro-

scopically by observing morphology and flame cell

activity.

Activation of E. granulosus protoscoleces

Immediately prior to setting up in vitro cultures,

protoscoleces (approximately 1 ml packed) were

treated with 50 ml of artificial gastric fluid (0.1%

pepsin plus 0.5 ml of 32% HCl made up to 100 ml in

physiological saline) at 37 xC for 20 min. Proto-

scoleces were sedimented, the supernatant removed

and exchanged with 50 ml of artificial intestinal fluid

(Rickard & Bell, 1971) and incubated at 37 xC for

45 min. The percentage of evaginated protoscoleces

was determined microscopically.

In vitro culture of protoscoleces in CsA

Activated protoscoleces were washed 3 times in

50r volume of sterile culture medium (Dulbecco’s

modification of Eagle’s medium, DMEM, Flow

Labs, pH 7.4, filter-sterilized and supplemented

with 100 IU/ml mycostatin and 100 mg/ml gentami-

cin). A vol. of 2 ml of DMEM plus antibiotics was

added to each well of a sterile tissue culture plate

(Nunc) under aseptic conditions. CsA (Sigma)

(10 mg/ml in 100% ethanol) was added to individual

test wells to a final concentration of 100, 50, 20, 10, 5

and 1 mg/ml and the same volume of diluent alone

was added to control wells. Cultures containing

approximately 1000 evaginated protoscoleces were

incubated at 37 xC in 5%CO2 humidified air. Culture

medium was changed every 48 h.

Protoscoleces were washed 3 times in 50-fold

the volume of filter-sterile sheep hydatid cyst fluid

(SHCF) or DMEM supplemented with mycostatin

and gentamycin and the parasites allowed to settle at

1 g between washes. The invaginated protoscoleces

were transferred to individual wells of a sterile cul-

ture dish each containing 2 ml of SHCF or DMEM

medium under aseptic conditions, as described for

activated protoscoleces. The culturemediumwas not

changed during the experiment.

Time pulse treatment of protoscoleces with CsA

E. granulosus activated protoscoleces were incubated

in DMEM plus 50, 20, 10, 5, 1 or 0 mg/ml CsA for

5 min 1, 12 or 72 h. After each period of incubation

the protoscoleces were removed from the wells,

washed 3 times with fresh medium and transferred

back to culture wells containing 2 ml of untreated

DMEMmediumfor the remainderof theexperiment.

CsA dose: administered as a single dose or pro-

portionate daily dose.

A total CsA dose of 10 mg/ml was administered to

protoscoleces in culture as 2 mg/ml daily for 5 days

or as a single dose of 10 mg/ml at day 0. After 5 days

protoscoleces were removed from culture and their

viability assessed by Toluidine blue staining.

Assessment of protoscolex viability

The condition of the protoscoleces was assessed

microscopically every 24 h. Parasite death was

determined by collecting approximately 50 proto-

scoleces from each culture well per day and staining

them with 0.1% Toluidine blue in methanol (Vadas

et al. 1979; Pons, Adams & Stadecker, 1988). The

proportion of protoscoleces excluding the dye was

recorded microscopically.

Fixation of protoscoleces for transmission

electron microscopy

Samples for electron microscopy were fixed with

2.5% glutaraldehyde in PBS. After fixation, the

specimens were washed 4 times in PBS. The samples

were then post-fixed in 1% osmium tetroxide in the
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same buffer for 2 h at room temperature on a vertical

rotator. The samples were subsequently washed in

distilled water twice and dehydrated through a series

of graded acetone solutions before being embedded

in procure Araldite (ProSciTech, Australia). The

blocks were polymerized at 60 xC for 48 h.

Ultra-thin sections were collected on acetone-

cleaned uncoated 200 mesh copper grids. These

sections were stained with 5% aqueous solution

of uranyl acetate for 10 min, washed with distilled

water and stained with Reynold’s lead citrate for

10 min. Sections were examined using a Philips 300

electron microscope at 60 kV.

RESULTS

E. granulosus protoscoleces collected for in vitro cul-

ture and treated with artificial gastric and intestinal

fluids were assessed as 100% viable and evaginated.

The protoscoleces were actively motile. Untreated

protoscoleces were assessed to be 97% viable and

remained invaginated. Non-viable protoscoleces

could be identified by staining with Toluidine blue

whereas viable protoscoleces excluded the dye.

CsA was found to be toxic for E. granulosus pro-

toscoleces in in vitro culture (Fig. 1). The toxic effect

of 100 mg/ml CsA on activated protoscoleces was

observed from culture days 1–2 where 45% of para-

sites were killed in comparison to >95% survival in

control cultures, as determined by Toluidine blue

dye uptake. By culture day 3 all protoscoleces treated

with 100 mg/ml CsA were dead. Susceptibility of

protoscoleces to CsA was dose dependent. After

5 days in cultures containing 50, 20, 10 mg/mlCsA the

proportion of viable protoscoleces was 0%, 1% and

6% respectively compared with 97% viability in con-

trol cultures. Lower concentrations of CsA induced

parasite killing over 10 days in which the parasites

were observed (Fig. 1).

Survival of E. granulosus protoscoleces after

treatment with CsA following a course of either the

total dose of CsA at day 0 or 0.2r the total dose ad-

ministered daily for 5 days revealed little difference

in CsA toxicity to the protoscoleces (data not shown).

By culture day 5 the percentage survival of proto-

scoleces was similar in cultures that had received

either 50, 20, 10 or 5 mg/ml as a single dose at day 1 or

a fifth of that dose administered each day for 5 days.

The effect of 1 mg/ml CsA as a single dose at day 1

was more toxic to protoscoleces than using 5r0.2 mg
as a proportionate daily dose.

The lethal effect of CsA on protoscoleces in culture

was observed following time pulse treatment with

various doses of CsA (Fig. 2). All protoscoleces

treated for 5 min, 1, 12 or 72 hwith 50, 20 or 10 mg/ml

Fig. 1. Percentage survival of Echinococcus granulosus

protoscoleces following 12 days of in vitro culture with

various doses of CsA. CsA doses are represented by the

symbols 2 100 mg/ml, $ 50 mg/ml, m 20 mg/ml,

. 10 mg/ml, & 5 mg/ml and # No CsA.

Fig. 2. Survival of Echinococcus granulosus protoscoleces

following time pulse treatment with various doses of CsA.

Data from culture day 5 show survival of protoscoleces

when treated for 5 min, 1, 12 and 72 h in culture with CsA.

In each time group the doses of CsA are represented by

individual bars. The untreated controls are represented

by black bars and doses of CsA at 50 ( ), 20 (%), 10 ( )

and 1 mg/ml ( ) are plotted on the right of the controls

respectively.
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CsAwere dead after 10 days in culture, as determined

by Toluidine blue staining. After 7 days in culture

60, 90, 90 and 98% of protoscoleces were dead fol-

lowing 5 min treatment with 5, 10, 20 or 50 mg/ml

CsA respectively. Longer exposure times to CsA

induced parasite killing more rapidly. After 72 h of

exposure to 50, 20 and 10 mg/ml CsA at least 95%

of protoscoleces were killed by day 5, and 100% by

day 7. Untreated controls remained at least 95%

viable throughout the experiment.

Fig. 3. Percentage survival of invaginated Echinococcus granulosus protoscoleces following (A) 15 days in culture with

SHCF medium or (B) 20 days in DMEM medium. Cultures contained either medium plus the CsA vehicle alone (m),

medium ($) or various doses of CsA represented in replicate by % or &. Each of the graphs within group A or B

represents data from protoscoleces treated with different CsA doses. Data from cultures containing 1 mg/ml of CsA

are represented in the graph at the top left of group A or B, 10 mg/ml in the top right, 50 mg/ml in the bottom left and

100 mg/ml in the bottom right.
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Invaginated protoscoleces cultured in DMEM or

SHCF survived longer in culture when treated with

comparable doses of CsA than activated proto-

scoleces. The toxic effect of 100 and 50 mg/ml CsA on

protoscoleces was observed by culture day 15 where

100% of parasites were killed in comparison to>95%

survival in control cultures. Some variation in tox-

icity between replicate cultures was found where

100% of protoscoleces treated with 100 mg/ml CsA

in SHCF were dead by culture day 5 but not until

day 14 in a replicate test. In both cases there was

a progressive decline in the percentage of proto-

scoleces surviving relative to the control parasites.

After 15 days in cultures containing 1 or 10 mg/ml

CsA the proportion of viable protoscoleces in repli-

cate was 19 and 90% and 0% and 54 respectively.

Invaginated protoscoleces cultured in DMEM plus

CsA had similar survival rates as those cultured in

SHCF. All protoscoleces were dead following 15

days of culture in 100 or 50 mg/ml CsA and lower

doses of CsA at 1 and 10 mg/ml killed 84% and 68%

and 30% and 33% (in replicate) of protoscoleces

respectively. Control cultures containing either

media or media plus ethanol (as the vehicle for CsA

delivery) remained greater than 90% viable for 15

days of culture (Fig. 3).

The effect of administration of 10 mg/ml CsA onE.

granulosus protoscolex ultrastructure was assessed by

TEM in protoscoleces cultured in vitro. A minimum

of 1000 activated protoscoleces cultured in DMEM

alone or DMEMplus CsA in vitrowere collected and

processed for TEM on days 1, 2, 3, 5, 7 and 10 to

determine the early morphological changes induced

by the drug in comparison with untreated controls.

Untreated protoscoleces cultured for 5 days were

morphologically indistinguishable from controls

collected at day 0. After 7 and 10 days in cultures, the

untreatedprotoscoleces appeared todisplay increased

levels of parenchymal glycogen content. The glyco-

gen, present as b-glycogen granules, was extensive in

the cytoplasm of parenchymal cells of the somal

(posterior) region of the protoscoleces.

Treated protoscoleces showed appreciable dif-

ferences compared with control specimens fixed at

identical times. The structure of the tegument and

its associated glycocalyx appeared to be little changed

after CsA administration, although increasing lu-

cency of the distal cytoplasm occurred after 7 days,

when most protoscolex cells were substantially ne-

crotic. The first observed effect of CsA adminis-

tration was the appearance of lucent regions in the

basal zone of the distal cytoplasm (Fig. 4). These

lucent regions were apparent 1 day after treatment,

appeared to be membrane bound and may represent

a loss of integrity of the basal invaginations of the

distal cytoplasm. These focal regions swelled and

coalesced over days 2 and 3 of culture until there

appeared an almost complete separation of the distal

cytoplasm from its underlying basal matrix.

Extensive vacuolization of the cytoplasm of in-

sunken tegumentary cytons was observed after 1 day

of CsA treatment. The perinuclear vacuoles had a

slightly granular matrix and probably represent ex-

panded regions of endoplasmic reticulum. The

nuclei, as well as other cytoplasmic constituents of

the cytons, remained morphologically unchanged.

Mitochondria of parenchymal cells were often en-

larged in protoscoleces treated for 3 days with CsA

(Fig. 4). The mitochondria had a generally granular

matrix and a peripheral array of christae. It was found

that 90% of the parasites were dead and necrotic after

5 days of treatment with CsA, and the specimens that

remained intact showed progressive degradation of

the tegument and distal cytoplasm. In all specimens,

glycogen was much less abundant than in control

specimens, there was an increased abundance of

lipidic granules throughout the cells and extra-

cellular matrices and the mitochondria were further

enlarged. All protoscoleces were dead by culture day

10 and, as demonstrated by TEM, were so necrosed

that few structures were discernible.

DISCUSSION

This study provides further evidence that CsA is an

effective scolocidal agent against E. granulsosus pro-

toscoleces in vitro. Previous studies have shown that

treatment of protoscoleces with 10 mg/ml CsA kills

100% of the protoscoleces within 7 days in in vitro

culture (Colebrook et al. 2002).A range of lowerdoses

induced parasite damage but were not completely

effective in killing the parasite. In this study 100 mg/
ml of CsA killed 100% of protoscoleces within 72 h of

treatment. A single dose of 50, 20 or 10 mg/ml given

for 5 min resulted in a complete scolicidal effect over

7 days. The time and dose of CsA required to attain

maximum scolicidal effect is important when con-

sidering the application of this finding to the surgical

treatment of hydatid patients.

The results of this study also showed that the

scolicidal effect varied between activated or unacti-

vatedprotoscoleces in vitro.Unactivated and invagin-

ated protoscoleces cultured in DMEM and SHCF

had a longer survival time when exposed to CsA

in vitro than those activated and cultured in DMEM.

The active protoscoleces are highly motile and may

take up and metabolize CsA at a faster rate than the

relatively dormant invaginated protoscoleces. There

was some variation in the survival rates of the repli-

cate cultures of invaginated protoscoleces exposed

to the same drug concentration. The variation may

be due to sampling errors or to the fact that some

unactivated protoscoleces remained in brood cap-

sules and were less susceptible to CsA toxicity.

Irrespective of the variation in CsA toxicity between

replicates, all unactivated protoscoleces died when

exposed to 100 or 50 mg/ml CsA in SHCF. There

was no difference in parasite mortality whether the
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Fig. 4. TEM ultrastructure of Echinococcus granulosus protoscoleces in in vitro culture. (A–D) Untreated protoscoleces

sampled from cultures at days 1, 3, 7 and 10. (A, B) Protoscoleces from culture days 1 and 3 respectively, note there

are no distinct morphological differences in ultrastructure from specimens at day 0. (C,D) Protoscoleces from days 7

and 10 respectively, glycogen (G) has disseminated in the extracellular matrix. (F–I) Ultrastructure of protoscoleces

treated with CsA in vitro. (F,G) Specimens treated for 1 and 2 days respectively. The basal laminar is separating from

the distal cytoplasm of the tegument forming electron-lucent regions with no apparent matrix and vacuoles (V) are

forming in the tegumentary cytons. (H) Specimens from culture day 5, vacuoles forming in teguments cells are more

extensive, some cells appear to be rounded and lipidic structures are present. (I) Specimens from culture day 10, showing

degradation of the tegument (T), detached microtriches (Mt) and large electron-lucent areas in the soma region.

(E) Mitochondria (M) and lipid globules (L) from untreated protoscolex and (J) Higher magnification of enlarged

mitochondria (M) from CsA-treated protoscolex.
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CsA dose was given as a single dose or as a fractional

daily dose.

TEM investigation demonstrated that adminis-

tration of CsA (10 mg/ml) in vitro resulted in a

progressive pathological effect compared with un-

treated protoscoleces maintained in culture over

the same period. It is of note that untreated proto-

scoleces displayed increasing levels of b-glycogen
in parenchymal cells over the culture period. In

cestodes, glucose is taken up by active transport,

involving glucose transporters expressed in the

tegument (Rodriguez-Contreras et al. 1998). Ces-

todes are capable of taking up glucose against a con-

centration gradient (McManus & Smyth, 1982) and

the enhanced amounts of glycogen (the stored form

of glucose) in untreated cultured protoscoleces on

day 10 compared with worms fixed on day 0, possibly

reflects the abundance of glucose in vitro compared

with that available in cyst fluids. It is of interest that

there was less glycogen in protoscoleces treated with

CsA than in untreated controls, possibly reflecting

impairment of glucose transport across the tegu-

ment. Glycogen depletion has been observed in the

ultrastructure of CsA-treated Hymenolepis micro-

stoma in vitro (McLauchlan, Roberts & Chappell,

2000) and CsA has been shown to impair the uptake

of glucose through the tegument of H. microstoma

in vivo (Wastling & Chappell, 1994).

Major ultrastructural effects of CsA include the

separation of the distal cytoplasm of the tegument

from its underlying basal matrix and the appearance

of vacuoles in the tegumentary cytons. These va-

cuoles appear to arise from expanded endoplasmic

reticulum in the cytons, and it seems likely, there-

fore, that one effect of CsA on protoscoleces is to

disrupt translational activity and protein synthetic

activity of the cells that support the tegument.

Whether this is a direct effect or down-stream con-

sequence remains to be determined.

The mitochondria in CsA-treated protoscoleces

became enlarged. Swelling of the mitochondria

has been described following CsA treatment of

H. microstoma (McLauchlan et al. 2000). Changes

to the appearance of mitochondria may result from

changes in the permeability of tegument damage

and subsequent fluid build up. A direct effect by the

drug may also be the cause of swelling mitochondria

as CsA reportedly inhibits respiration in rat mito-

chondria (Fournier, Ducet & Crevat, 1987) and

augments mitochondrial damage in cardiac muscle

tissue of animals receiving tissue organ transplants

(Jurado et al. 1998). An inhibition of normal mito-

chondrial function and glycogen depletion would

impair the ability of the parasite to function through

the inhibition of glycolysis and could account for

the lethal effects of CsA on protoscoleces.

The finding that CsA is a potent scolicidal agent

may have application in the treatment of cystic

Echinococcosis. Injection of CsA as a scolicidal agent

into an hydatid cyst during PAIR could potentially

kill intracystic protoscoleces and eliminate the risk

involved with peritoneal dissemination of proto-

scoleces and relapses. Application of CsA may be

more appropriate in the PEDIM procedure (Deger

et al. 2000). Our results show that 5 min of exposure

to CsA at various doses can effectively kill activated

and unactivated E. granulosus protoscoleces in vitro.

The relevance of these data needs to be further in-

vestigated in animal models to assess the efficacy of

CsA as a scolicidal agent when delivered into cysts

by percutaneous injection. Ivermectin has been

investigated as a potential scolicidal agent for use in

treatment of hydatid disease. The drug is effective

in killing E. granulosus protoscoleces in in vitro cul-

ture (Casado et al. 1989) and does have deleterious

effects on hydatid cysts in both sheep (Hokelek et al.

2002) and jirds (Ochieng-Mitula & Burt, 1996).

Similarly, albendazole sulphoxide has been success-

fully used percutaneously in the treatment of hydatid

cysts in sheep (Deger et al. 2000). The toxicity of

perenterally administered ivermectin in humans has

yet to be assessed; however, these studies highlight

the potential for development of novel scolicidal

therapies for treatment of hydatid disease. CsA has

been widely used in the treatment of human auto-

immune disease and as an immunosuppressive agent

in organ transplant patients (Borel et al. 1996). A

large amount of information is available on the toxic

effects and doses of the drug to be safely administered

to humans. The drug is known to be anti-parasitic at

subimmunosuppressive levels (Munro & McLaren,

1990; Page et al. 1995) and is suggested to mediate

it’s effects through inhibition of normal parasite

cyclophilin function. However, no direct association

between the anti-parasitic effects of CsA and parasite

cyclophilin has yet been established (Khattab et al.

1998; McLauchlan et al. 2000). Further work with

CsA or these other potential scolicidal drugs is re-

quired before their application to treating humans

could be recommended.

This work was funded with research grants from the
National Health and Research Council.
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