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Echinococcosis (hydatid cyst) is a zoonotic disease in sheep, cattle, pigs, rats, and humans that is caused by larvae
of the tapeworm Echinococcus granulosus. Several studies have shown that invertebrates exhibit activity against
various parasites, but no studies are available of effects of extracts of the sea urchin Echinometra mathaei on

g:;iacdi dal hydatid cysts. Here, E. mathaeis gonad extracts were investigated for their effects on hydatid cysts, in the absence
TiOs nanoparticles and presence of TiOy nanoparticles. Different concentrations of E. mathaeis gonad extracts with and without TiO5
Cysts were applied for different times and the scolicidal activity of each of these conditions was determined on viable

protoscolices. 15 pg/ml gonad extract + TiO was sufficient to kill 84% of the protoscolices after 60 min in-
cubation. In vivo studies were performed on mice injected with E. granulosus protoscolices. Gonad extracts and
gonad extracts combined with TiO, were given by oral gavage for a period of 3 months. Combined application of
extract and TiO3 increased the treatment efficiency, as shown by the reduction in number, size and volume of the
cysts. Thus, sea urchin gonad extracts combined with TiO nanoparticles have anti-hydatic and scolicidal effects.

In vivo and in vitro

1. Introduction the chemotherapy is often associated with adverse side effects (Caglar

et al., 2008; Smego and Sebanego, 2005). Therefore, because of their

Cystic echinococcosis or hydatidosis is a neglected zoonotic hel-
minthic disease that is caused by the larval stage of the parasitic tape-
worm Echinococcus granulosus. Hydatidosis is transmitted by ingestion of
parasite eggs in contaminated food and water, upon which the parasite
develops into the larval stage in the visceral organs, especially in the
liver and lungs, where it forms hydatid cysts (Ahmed et al., 2011).

Hydatidosis occurs worldwide. Approximately 40-80% of human
patients harbor a solitary cyst within a single organ, while 20-40% of
the individuals have multiple cysts or multiple organs involved. Liver is
the most commonly infected organ, occurring in 70% of the patients,
followed by the lungs, which usually are infected in 20-25% of the
patients. Other organs which can be infected, but with lower frequency,
are brain, kidneys, muscles, skin, and heart. However, hydatidosis may
occur in any other organ. Up to recently, hydatidosis treatment involved
surgery combined with chemotherapy with albendazole or mebendazole
before and after surgery (Adas et al., 2009; Wang et al., 2016). However,

fewer side effects and cost effectiveness, combinations of natural and
mineral products and extracts have been suggested for the treatment of
the disease and killing the larval form of the parasite, also known as
protoscolices (Rahimi-Esboei et al., 2016).

In this respect, treatment with nanoparticles may offer new oppor-
tunities. For example, inorganic silver nanoparticles damage the cell
membrane of bacteria and retard their growth (Li et al., 2010). Silver
nanoparticles have also been applied successfully against human breast
cancer and tapeworm protoscolices (Lashkarizadeh et al., 2015; Macha
et al., 2019). For cost-effectiveness the silver nanoparticles may be
combined with other therapeutic agents, and, in particular, marine
echinoderms have gathered interest (Macha et al., 2019). Several species
of echinoderms have been reported to exhibit antimicrobial activity by
producing steroidal glycosides, polyhydroxylated sterols, naph-
thoquinone pigments, and antimicrobial peptides (Abubakar et al.,
2012; Torizzi et al., 1995). Sea urchins are marine echinoderms that

* Corresponding author. Department of Marine Biology, Faculty of Marine Science and Technology, University of Hormozgan, Bandar Abbas, P.O. Box 3995, Iran.

** Corresponding author.

E-mail addresses: a.homaei@hormozgan.ac.ir, a.homaei@gmail.com (A. Homaei), khademvatan@yahoo.com (S. Khademvatan).

https://doi.org/10.1016/j.bcab.2019.101432

Received 5 October 2019; Received in revised form 13 November 2019; Accepted 13 November 2019

Available online 15 November 2019
1878-8181/© 2019 Elsevier Ltd. All rights reserved.


mailto:a.homaei@hormozgan.ac.ir
mailto:a.homaei@gmail.com
mailto:khademvatan@yahoo.com
www.sciencedirect.com/science/journal/18788181
https://http://www.elsevier.com/locate/bab
https://doi.org/10.1016/j.bcab.2019.101432
https://doi.org/10.1016/j.bcab.2019.101432
https://doi.org/10.1016/j.bcab.2019.101432
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcab.2019.101432&domain=pdf

A. Navvabi et al.

Fig. 1. Application of the combination of nanoparticles and sea urchin extracts
showing the decrease in the number, size and volume of cysts before (a) and
after the treatment (b).

produce secondary metabolites with drug-like properties (Sheean et al.,
2007). Among others, a glycolipid derivative from a sea urchin intestinal
extract was shown to possess significant anti-tumor activity (Sahara
et al., 1997). Echinoderms have a poor physical defense system, and
therefore, during evolution, they developed strong chemical defense
strategies. Especially, the gonads which contain the reproductive cells,
are well protected by a hard shell, and they contain echinochrome A, a
polyhydroxylated naphthoquinone with strong antibacterial and anti-
oxidant activity (Shankarlal et al., 2011). Indeed, Sheean et al. showed
that a crude extract of Heliocidaris erythrogramma gonads displays anti-
bacterial, antioxidant, anti-inflammatory, and anti-tumor and hepato-
cyte toxicity activity (Sheean et al., 2007).

Experimental infection of mice with protoscolices provides a well-
established model for the study of the evolution of the disease and
finding novel treatments for hydatid cysts. The objective of the present
study is to find novel treatment options for hydatid cyst infections by
evaluating whether sea urchin gonad extracts in combination with TiO5
exhibit activity against alive protoscolices.

2. Materials and methods
Echinometra mathaei sea urchins were collected from the Persian Gulf

at Hormozgan. After rinsing them with distilled water, and removing the
spines, a gap was made in the peristomal membrane, the coelomic fluid
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was drained, and the gonads were separated, washed out, and kept in
sterile condition and frozen. A fraction of them was separated, weighted,
and homogenized in PBS for 20 min using an ultrasonic homogenizer.

TiO4 nanoparticles were obtained from Sigma. Expected dose of TiOy
mix with normal saline at 37 °C, then homogenized for 30 s.

2.1. Collection of hydatid samples and exposure

Protoscolices of E. granulosus were obtained aseptically from hydatid
cysts present in livers of naturally infected sheep and goats slaughtered
at Urmia, West Azerbaijan, and brought to the parasitology laboratory.
The hydatid fluid was aspirated aseptically using a 20 ml syringe and left
for 30 min for the protoscolices to settle down. The supernatant was
discarded and the protoscolices were washed two times with PBS (pH
7.2) solution. To obtain the proportion of live protoscolices, the viability
of the protoscolices was determined by their flame cell motility and
dyeing with 0.1% eosin (Kayaalp et al., 2001). They were kept overnight
in RPMI medium at 4 °C. Viable protoscolices were incubated in vitro
with gonad extract, or with a combination of gonad extract and TiO, at
different concentrations (1, 5, 10, 20 pg/ml and 1, 5, 15 pg/ml respec-
tively). Incubation times were 5, 15, 30, and 60 min to attain total
lethality. The tests were repeated three times. Gonad extracts had less
scolicidal activity than when combined with TiO, nanoparticles.
Caspase-3 activity was determined using the caspase-3 kit (Zell bio).

2.2. In vivo efficacy of gonad extraction combined with nanoparticles

BALB/c mice aged 4-5 weeks, with a body weight of 18-25 g, were
infected by injection with 2000 viable protoscolices suspended in 0.5 ml
phosphate buffer, pH 7, and randomly divided into four equal groups of
5 mice. Formation of hydatic cysts in mice occurs as early as after 4
months. Three parasitological parameters were considered when a cyst
was found. These were the cyst size, the status of the cyst fluid, and the
viability of the cysts.

Protoscolices from randomly selected mice were collected under
aseptic conditions from hydatid cysts, and their viability was deter-
mined by their flame cell motility and dyeing with 0.1% eosin. Each
group received the following treatment schemes for 3 months: group 1
was the negative control, group 2 was the positive control, group 3
received gonad extracts by oral gavage, group 4 was treated with gonad
extracts combined with TiO», and group 5 received TiO; only. After the
end of the 3-month treatment period, mice were dissected and the
peritoneal cavity was opened for removing, counting, measuring, and
histological analysis of the hydatid cysts. The hydatid cysts were drawn
randomly from every group and studied for pathologic changes in the
cyst. The size of the cysts was measured using a caliper. The study was in
accordance with the ethics standards of “Helsinki Protocol of Laboratory
Animal Care’*.

2.3. Statistical analysis

All tests were carried out in triplicate. Analysis of data was per-
formed with the SPSS statistical package version 16. The data were
presented as the mean £ SD. In this survey p < 0.05 was considered
statistically significant.

Ethics approval
All animal experiments were performed according to the standards of

the ethic committee board of the University of Hormozgan in full
accordance with the World Medical Association Declaration of Helsinki.
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3. Results
3.1. Invitro effects of gonad extracts on protoscolices

All treatments showed scolicidal effects, but the gonad extracts,
when used separately, had less scolicidal activity than when combined
with TiOy (Table 1). The viability of the protoscolices after 60 min
exposure to 20 pg/ml gonad extract, or 15 pg/ml gonad extract with
TiOy was 17.33%, or 15.30%, respectively (Table 2). The TiO, only
treatment had less scolicidal activity at all concentrations than when
combined with gonad extract, and the mortality rate was significantly
increased when combined with gonad extract (p < 0.05) (Table 3). By
increasing the exposure time, the mortality rate was significantly
increased (p < 0.05).

3.2. Gonad extracts combined with TiOz affect the cysts of E. granulosus
protoscolices in the mouse model

Hydatid cysts developed in 95% of the infected animals. 15 pg/ml
gonad extracts in combination with TiO, is more effective in killing
protoscolices than gonad extracts alone (Fig. 1). The treatment results
are shown in Table 4. The number of hydatid cysts in the control group
was 15-18. In group 3, which received 15 pg/ml gonad extracts com-
bined with TiOy for 90 days, the cysts were of small size, or were
completely gone. In the negative control group, a high number of cysts
was observed. Based on these findings, we conclude that application of
gonad extract combined with TiO2 nanoparticles clearly reduces the
number, size, and volume of the cysts. Table 4 shows the morphological
changes after 3-months treatment of the mice. The size of the cysts in
this group was about two times smaller than that of the cysts in the
control group. In group 2, which received gonad extract only, the size of
the cysts was larger than that of the cysts of group 3, which received the
combination treatment, but smaller than the cysts of the control group.
No adverse effects were observed in the drug treated groups: none of the
mice exhibited any aberrant behavior during the treatment.

We tested whether concentrations of these combination extract
which effectively in vitro E. granulosus protoscolices had high effect on
the cysts of mice. NagHPOy4 extract of gonad extracts + TiOy recorded
high activity at 15 pg/ml after 60 min treatment.

4. Discussion

Cystic echinococcosis is a worldwide-occurring zoonotic parasitic
disease (Khademvatan et al., 2019). The common treatment consists of
surgery of the tapeworm cyst combined with chemotherapy with drugs
like albendazole and praziquantel (Reuter et al., 2010). Unfortunately,
the treatment is not always successful, and suffers from undesirable side
effects, such as neutropenia, elevation of liver enzyme levels, or alopecia
(Dvoroznakova et al., 2004; Polat et al., 2005). Improvement of the

Table 1
Protoscolicidal effects of gonad extracts on protoscolices of hydatid cysts using
different exposure times and extract concentrations.
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Table 2
Protoscolicidal effects of gonad extracts in combination of TiO, on the proto-
scolices of hydatid cysts using different exposure times and extract

concentrations.

Extract 5 min Viability of 30 min 60 min
concentration protoscolices
(ng/ml) (%)
15 min
0 98.52 + 0.02 97.26 + 0.02 95.32 £+ 0.02 95.08 + 0.07
1 74.97 £ 0.03 60.01 + 0.09 52.02 +0.11 35+ 0.10
5 46.82 + 0.16 47.17 £ 0.16 34.76 + 0.22 27.03 + 0.06
15 32.30 £ 0.01 28.91 +0.10 19.85 + 0.17 15.30 + 0.15
Table 3
Scolicidal effects of TiO, extraction on protoscolices of hydatid cysts in vitro.
Extract 10 min Viability of 30 min 60 min
concentration protoscolices
(pg/ml) (%)
20 min
2 89.08 + 0.08 87.03 £ 0.05 78.19 + 0.09 64.89 + 0.11
5 79.15 £ 0.04 62.49 + 0.06 56.98 + 0.02 50.09 + 0.07
10 58 +£0.10 52.68 + 0.02 47.24 £ 0.08 45.18 + 0.17
20 51.99 + 0.01 40.99 + 0.01 39.68 + 0.02 32.03 + 0.05

Extract 5 min Viability of 30 min 60 min
concentration protoscolices
(pg/ml) (%)

15 min
0 98.58 £ 0.01  98.38 + 0.02 97.18 £ 0.02  95.18 + 0.02
1 78.83+£0.20 62.69 + 0.03 58.10 £ 0.10  41.93 £+ 0.22
5 55.09 + 0.14 50.05 + 0.11 45 + 0.02 39 +0.01
10 42.05 +£0.22  40.07 + 0.06 28.05 +0.05 24.0 + 0.05
20 30.18 £ 0.22  25.39 + 0.04 20.06 + 0.05 17.33 + 0.56

therapy is thus urgently needed.

Here, we investigated the combination of two different therapeutic
approaches to combat cystic echinococcosis, using TiO, nanoparticles
and/or organ extracts of marine invertebrates. Nanoparticles have
attracted considerable attention as promising materials for biological
and pharmaceutical applications because of their large surface-to-
volume ratio and high penetration power (Khatua et al., 2019). In
particular, cytotoxic nanoparticles have been successfully used as ther-
apeutic agents against diverse forms of cancer, but they are also effective
against pathogenic bacteria, viruses, fungi, and parasites (Balachandar
et al., 2019; Kanagamani et al., 2019). In contrast, various invertebrates
have developed effective chemical defense strategies to fight
micro-organisms and higher predators (Ribeiro et al., 2010). Amongst
others, they produce compounds with antioxidant and anti-microbial
activity, as well as compounds that act against some viruses (Bodnar,
2013). In particular, sea urchin gonadal tissue contains bioactive me-
tabolites with anti-inflammatory and anti-tumor activity, which may be
useful for the treatment of human diseases (Sheean et al., 2007).

In the present study, the anti-parasitic properties of sea urchin gonad
extracts were investigated in vitro and in vivo, and in the absence and
presence of TiO nanoparticles. Our experiments showed that, in vitro,
the combination of gonad extracts and TiO2 had higher scolicidal ac-
tivity than gonad extracts on their own. Especially, at a concentration of
15 pg/ml, 84.7% of the protoscolices were killed after 60 min of expo-
sure. Adding TiO2 nanoparticles to the gonad extracts increased the
mortality rate significantly. Moreover, in vivo treatment of mice infected
with hydatid cysts was also effective, as evident from the lower number,
smaller size and volume of the cysts compared with the control group.
Again, addition of TiOy nanoparticles improved the efficacy of the
treatment significantly.

Titanium dioxide has frequently been used as a nanomaterial
because of its non-toxicity, stable physicochemical properties, and low
cost. Several studies have reported the antimicrobial activity of TiO, and
its synergism when used with other compounds (ChiChen, 2017). For
instance, TiO, nanoparticles positively influenced the antimicrobial and
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Table 4
Mean E. granulosus cyst size and mean volume in mice.
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Groups Cyst size)mm ( Mean cyst size (mm) Cyst volume Mean cyst volume Percentage infection
Negative control 0 0 0 0 0

Positive control 5-11.2 8.53 0.1-0.8 8.53 100 (5/5mice)
Gonad extract 3.3-7 5.33 0.1-0.5 5.25 100 (5/5mice)
Gonad extract + TiO2 1-4 2 0.1-0.3 5.20 100 (5/5mice)

TiO; only 4-8 6 0.1-0.6 5.56 100 (5/5mice)

disinfectant efficacy of silver nanoparticles against three fungi, Asper-
gillus niger, Penicillium spinulosum, and Stachybotrys chartarum, and two
bacteria, Escherichia coli and Staphylococcus epidermidis (ChiChen, 2017).
Here, we have shown that TiO; is also effective in improving the treat-
ment of cystic echinococcosis using sea urchin gonad extracts. Further
studies are necessary to establish the safety and effectiveness of the
therapy in humans.
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