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Abstract: Human echinococcosis or hydatid disease still causes serious health problems with a worldwide geographical
distribution. This parasitic infection is a chronic, complex, and still neglected disease. Currently four treatment modalities
are in use: surgery, PAIR (puncture, aspiration, injection of protoscolicidal agent, reaspiration), chemotherapy and a
“watch and wait” approach for inactive, clinically silent cysts. Over the past 30 years, chemotherapy with benzimidazoles
(BZ2), like albendazole and mebendazole, has been used increasingly to treat this pathology. Unfortunately, 20%-40% of
the cases do not respond favorably to such chemotherapy and these drugs produce stabilization, rather than cure in the
majority of patients. However, the overall efficacy of BZ has been overstated in the past. With regard to these difficulties,
novel therapeutical tools are needed to optimize treatment of human echinococcosis.

On the one hand, a number of compounds have been investigated, either using in vitro cultured parasites and/or applying
to in vivo rodent models. Tested compounds include BZ derivatives such as flubendazole, and oxfendazole, as well as
other anti-infective agents like ivermectin, nitazoxanide, genistein, artemisinin, timol, rapamycin, and anti-cancer agents
such as 2-methoxyestradiol and cyclosporine A. Although some of these compounds showed promising activities in vitro,
and also in the rodent models, they have not been yet translated to clinical applications.

On the other hand, different drug delivery systems have been developed in order to improve the efficacy of several active
pharmaceutical ingredients (APIs) such as oil in water emulsion, liposomes and nanoparticles among others.

The present review article summarizes the chemotherapeutic state-of-the-art and the research done in the field of drug

delivery systems regarded human echinococcosis.
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1. INTRODUCTION

Zoonoses, which are diseases and infections naturally
transmitted between vertebrate animals and humans, account
for most of the diseases that have been reported as emerging
or re-emerging, as 75% of emerging human pathogens are
zoonotic [1].

Helminths are the most common infectious agents of
humans in developing countries [2]. Human echinococcosis
or hydatid disease is a zoonotic infection caused by
larval forms (metacestodes) of tapeworms of the genus
Echinococcus found in the small intestine of carnivores. This
disease is included by the WHO in the list of the neglected
tropical diseases, in which the use of integrated approaches
to cure, prevent and control the disease at the human-animal
interface is needed in order to avoid its dissemination [3].
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Four distinct species within the genus Echinococcus have
been identified: Echinococcus granulosus, E. multilocularis,
E. vogeli and E. oligarthrus. All species are potentially
zoonotic, but only two have significant medical and public
health importance: E. granulosus and E. multilocularis,
which cause cystic echinococcosis (CE) and alveolar
echinococcosis (AE), respectively. The two other species, E.
vogeli and E. oligarthrus, are responsible for polycystic
echinococcosis in Central and South America. Few cases of
this condition have been reported in man, and the real extent
of the disease is unknown [4].

The global burden, as assessed by disability-adjusted
life years (DALYs), for human CE was estimated to be
285,000 and an annual economic loss of US$ 194 million
[5]. On the other hand, approximately 18,235 new cases of
AE occur annually, with a total annual burden of 666,434
DALYs [6].

The purpose of this contribution is to review the
chemotherapeutic ~ state-of-the-art, the available new
technologies and the research done in the field of drug
delivery systems regarded CE and AE.
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2. CYSTIC ECHINOCOCCOSIS
2.1. Epidemiology

E. granulosus has a worldwide geographic distribution
occurring in all continents including circumpolar, temperate,
subtropical and tropical areas, and in at least 100 countries
[7]. The highest prevalence is found in areas of Eurasia
(specially Mediterranean countries, the Russian Federation
and adjacent independent states, and China), north and east
Africa, Australia, and South America. The actual prevalence
of the parasite varies from sporadic to high, but only a few
countries can be regarded as being free of E. granulosus [8].
E. granulosus comprises several different genotypes that
may affect the epidemiology, pathology, and control of CE.
To date, ten different genotypes (G1-G10) have been
identified. Most E. granulosus isolates from human patients
thus far have been of the sheep genotype (G1) [9]. The
annual incidence of CE can range from less than 1 to 200 per
100,000 inhabitants in various endemic areas [10].

2.2. Life Cycle

The habitat of the adult worms is the small intestine of a
carnivore (definitive host) such as dogs and wolves, where
sexual reproduction and subsequent egg production take
place. Eggs or gravid proglottids are shed in faeces.
Following ingestion by a human or ungulate intermediate
host (sheep, goats, pigs, cattle, horses, or camels) an
oncosphere larva is released from the egg. The larvae then
penetrate the intestinal mucosa and reach through the
bloodstream various internal organs where the development
of cysts occurs. Hydatid cysts develop mainly in the liver
and lungs of intermediate hosts as unilocular fluid-filled
bladders. Since the life cycle relies on carnivores eating
infected herbivores, humans are usually a ‘dead-end’ for the
parasite, although this is not always the case [11].

2.3. Course of Infection

Human disease in CE relates to the development and
growth of fluid-filled cysts mainly in the liver and the lungs,
although it can also affect the abdominal cavity, heart, bones,
muscles, nervous system, or other locations [7].

About 5 days after eggs ingestion the metacestode is a
small vesicle (60 to 70 mm in diameter) consisting on an
internal cellular layer (germinal layer) and an outer acellular,
laminated layer. Each cyst is surrounded by a host-produced
layer of granulomatous adventitial reaction. Growth of cystic
larvae is slow and well tolerated by the host, occasionally
leading to large parasitic masses [12]. Most of the cysts are
univesicular (i.e., unilocular), but in some of them, smaller
daughter cysts are formed within larger mother cysts.

The initial phase of the primary infection is always
asymptomatic. Small, well encapsulated, non progressive or
calcified cysts typically do not induce major pathology, and
patients may remain asymptomatic for years or permanently
[13]. The induction of morbidity depends on the number,
size, and developmental status of the cyst(s) (active or
inactive), the involved organ, the localization of the cyst(s)
within the organ, the pressure of cysts on surrounding tissues
and structures, and the defense mechanisms of the infected
individual. Clinical signs may occur after a highly variable
incubation period, which can last several months or even
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years. Hepatic cysts can cause pain in the upper abdominal
region, hepatomegaly, cholestasis, biliary cirrhosis, portal
hypertension, ascites, and a variety of others manifestations
[13]. Cysts may rupture into the peritoneal cavity, causing
anaphylaxis or secondary CE, or into the biliary tree,
leading to cholangitis and cholestasis. Abscess formation is
possible after bacterial infection of cysts. Chronic cough,
expectoration, dyspnea, hemoptysis, pleuritis, and lung
abscess are selected symptoms caused by pulmonary cysts,
and neurological disorders can be induced by cysts in the
brain [7].

CE occurs in aged groups from younger than 1 to over 75
years old. In some areas of endemic infection, most hospital
cases are recorded in the aged groups between 21 and 40
years old, but the highest morbidity may also occur in
younger individuals aged between 6 and 20 years old [7].

2.4. Treatment

Depending on different factors such as cyst number and
size and location, viability status, the involved organ and
location, the interaction between the expanding parasite and
the adjacent host tissue and bacterial and fungal infection,
the options for treatment of CE are: surgery, percutaneous
procedures, antiparasitic drug treatment or watch and wait.
Furthermore, it must to be taken into account potential
complications related to cyst rupture and spillage of
protoscoleces, which can lead to an anaphylactic reaction or
to a secondary CE [14, 15].The evidence supporting any of
the four treatment modalities from carefully designed
clinical studies, is insufficient, in consequence choosing
treatment options for patients remains controversial [8].

2.4.1. Surgery

Surgery was the only option until 1980 and is still
preferred in some cases, for example in those patients with
limited cyst number and organ involvement, when cysts are
not in risky locations, and the disease is not too far
advanced. The procedure can be performed by open or
laparoscopic surgery. The choice of surgical technique
depends on the size, site, and type of the cyst(s), the
existence of complications, and the surgeon’s experience
[16]. Surgical excision is the preferred procedure because it
represents the best treatment option to definitively cure the
disease [17].

In CE, radical resection of the cyst mass represents the
traditional treatment strategy and it is, in many instances,
accompanied by chemotherapy. Protoscolicidal substances
are often applied since there is a risk of spilling of cyst fluid
containing protoscoleces, which would be responsible for
metastasis formation or an anaphylactic reaction that could
be fatal [14, 15, 18, 19]. In some cases, chemotherapeutic
agents can be administered before surgery to reduce the size
and number of viable protoscolices [20].

2.4.2. Percutaneous Treatments

Percutaneous techniques aim either to destroy the
germinal layer with prostoscolicidal agents or to evacuate the
entire endocyst. The most popular method in this group is
PAIR. It is a minimally invasive technique used in the
treatment of cysts in the liver and other abdominal locations.
It is indicated for inoperable patients and those who refuse
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surgery, in cases of relapse after surgery or failure to respond
to BMZ alone. PAIR includes: (1) percutaneous puncture of
cysts using ultrasonic guidance, (2) aspiration of cyst fluid,
(3) injection of protoscolicidal substance (e.g. 95% ethanol)
for 10-15 min and (4) re-aspiration of the fluid. ABZ should
always be administered for at least 30 days after puncture.
Modified catheterization techniques have been used for cysts,
which are difficult to drain or tend to relapse after PAIR [8].

An alternative method to PAIR or surgery for the
treatment of muscle-, spleen- or kidney-cysts include
percutaneous drainage without reaspiration [21].

Although there is a risk of anaphylactic reaction
associated to percutaneous drainage, specific complications
are no more frequent than after surgery and fear of
anaphylactic shock is no longer justified as an argument to
avoid this therapeutic option [22]. Nevertheless, the efficacy
and potential risks have not been fully evaluated, and more
long-term studies are needed [23].

2.4.3. Chemotherapy

Medical treatment is indicated when surgical removal is
not appropriate for patients with multiple cysts in two or
more organs, for prevention of secondary echinococcosis
after surgery and in some cases for presurgical treatment
[13]. For inoperable cases, chemotherapy  with
benzimidazoles remains the most common option.

In general, several factors affect the response to medical
treatment, such as size and age of the cysts, thickness of host
derived connective tissue, calcification, cyst complication
with multiple compartments or daughter cysts, ability of the
drug to penetrate the cyst wall and persistence of adequate
level of drug or its active metabolite at the site of parasite
location (bone cysts are less sensitive) [7, 24, 25].

The  benzimidazoles, albendazole (ABZ) and
mebendazole (MBZ) are broad spectrum antiparasitic agents
that have been widely used for several years in both humans
and animals for echinococcosis treatment. Since the
introduction of MBZ in mid 1970s, and ABZ in mid 1980s,
there has been significant alteration in the medical and
surgical management of human echinococcosis.

Different studies about CE treatment report that BZ
administration and evaluation for up to 12 months, the cysts
disappeared in 10-30% of the patients; 50-70% of the
patients have demonstrated significant regression of the cyst
size and alleviation of symptoms, and in 20-30% of patients
E. granulosus metacestodes did not respond to chemotherapy
[13, 26, 27].

Among this agents, the results for ABZ have been
superior [13, 25] and is the first choice therapy in the
treatment of CE and AE [28]. However, the curative effect of
ABZ is not ideal because its strong hydrophobicity leads to
poor absorption and low bioavailability.

As it was mentioned, anthelmintic therapy is not only
administered when surgery is not possible, for example,
preoperative albendazole is sometimes used to reduce the
risk of dissemination during surgery [29].

MBZ and ABZ are generally well tolerated, but when
they are used as long-term chemotherapy, they can produce
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several adverse reactions. Side effects usually include
elevation of transaminases, proteinuria, loss of hair,
gastrointestinal  disturbances, neurological symptoms
(vertigo/dizziness), leucopenia, headache, abnormal liver
biopsy, abdominal pain, fever, urticaria, thrombocytopenia,
and bone marrow toxicity [23]. Several studies have shown
that MBZ and ABZ may induce embryotoxic or teratogenic
effects, and so they are not at the early stages of pregnancy
[26, 27, 30]. Constant monitoring of drug serum levels is
suggested in order to avoid toxic reactions.

Praziquantel (PZQ), a synthetic isoquinolone-pyrazine
derivative, is one of the first-line anthelmintic drugs for
treating tapeworm infections and has become the cornerstone
for hydatid control campaigns worldwide [31]. Although
PzQ is a very effective anthelmintic, it is practically
insoluble in water and has poor bioavailability, thus repeated
administration of high doses for long period of time is
required. For this reason, PZQ was proposed to be used
alongside with BZ in CE-patients. The combined treatment
with ABZ and PZQ given during the month prior to surgery
increased the number of human patients with non-viable
protoscoleces, as compared to therapy with ABZ alone [32].
The usefulness of PZQ in avoiding secondary
echinococcosis needs further study [33].

2.4.4. Watch and Wait

In some cases the cysts do not produce any
symptomatology and are incidentally detected. Some studies
have suggested that inactive cysts that are free of
complications can be safely monitored by ultrasound
imaging without being treated. Prospective studies need to
be performed to confirm the safety of this option [8].

3. ALVEOLAR ECHINOCOCCOSIS
3.1. Epidemiology

E. multilocularis has an extensive geographical
distribution in the northern hemisphere, including endemic
regions in central Europe, most of northern and central
Eurasia (extending eastwards to Japan) and parts of North
America [34]. The parasite has been reported in at least 30
countries, including Russia, Kazakhstan, and other areas of
Central Asia, P.R. China, parts of Europe and North America
[7]. The annual incidence of AE is generally low in most of
the endemic areas (0.03-1.20 per 100,000 inhabitants) but in
untreated or in inadequately treated patients mortality is
more than 90% from 10 to 15 years of diagnosis [10].

3.2. Life Cycle

Adult worm infections of E. multilocularis are
perpetuated in a sylvatic cycle with wild carnivores—mainly
red (Vulpes vulpes) and arctic (Alopex lagopis) foxes—
regarded as the most important definitive hosts. Domestic
dogs and cats can also harbor the tapeworm and may be
involved in a synanthropic cycle. Small mammals (usually
microtine and arvicolid rodents) act as intermediate hosts.
Larval growth in the liver remains indefinitely in the
proliferative stage, resulting on the invasion of the
surrounding tissues. It is thought that people become
exposed to E. multilocularis by handling infected hosts, or
by ingestion of food contaminated with eggs. Coprophagic
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flies and other animals may serve as mechanical vectors of
the eggs of both species [11].

3.3. Course of Infection

In contrast with CE, AE does not have well-defined
external limits and infiltrates the surrounding parenchyma
[10]. The larval mass proliferates rapidly by exogenous
budding of germinative tissue and produces an alveolar-like
pattern of microvesicles filled with protoscoleces. In humans,
the larval mass resembles a malignancy in appearance and
behaviour, because it proliferates indefinitely by exogenous
budding and it invades the surrounding tissues. Protoscoleces
are rarely observed in human infections [25].

3.4. Treatment

Radical surgery has been the historical cornerstone of
treatment for AE. Early diagnosis of AE can result in a
reduced rate of unresectable lesions and reduces the
requirement for radical surgery. For the treatment of AE, BZ
are always indicated after surgery when the resection is
complete, and they should be administered for at least 2
years, and the patients should be monitored for 10 years to
control recurrence [13]. On the other hand, chemotherapy is
mandatory for inoperable AE and following incomplete
surgical resection of the parasite lesions. In this case the
treatment is long-term, often life-long, and it is based on
ABZ and/or MBZ [35, 36]. Although BZ have theoretically
the potential to cure patients with CE because they can kill
E. granulosus metacestodes, it has been found that ABZ and
MBZ exhibit a parasitostatic rather than a parasitocidal effect
in human patients suffering from AE [35]. Therefore,
recurrence rates after interruption of therapy are high in these
last cases. Nevertheless, chemotherapy has significantly
increased the 10-year survival rate of inoperable or non-
radically operated AE patients from 6-25% to 80-83% [7, 37].

Indeed, a major issue for patients with AE is the
longevity after ABZ treatment and the dilemma as to when
treatment can be stopped since there is no method currently
available to determine when this decision should be taken
[11].

Liver transplantation may also be indicated for highly
selected patients with life-threatening complications after
failure of other treatments [38].

4. DRUGS AGAINST ECHINOCOCCUS SP: MODE OF
ACTION

4.1. BZ Mode of Action

The primary mode of action of BZ is an interaction with
the eukaryotic cytoskeletal protein, b-tubulin, inhibiting its
polymerization into microtubules [14]. As a secondary effect
glucose uptake is reduced, leading to depletion of glycogen
storage, degenerative alterations in the endoplasmic
reticulum and mitochondria of the germinal layer and,
finally, to cellular autolysis. Tubulin is a ubiquitous protein,
present in the mammalian host as well as in the helminthic
parasite, but the BZ bind selectively to parasite tubulin and,
thus, have minor or no toxicity in mammals.

When in vitro cultures of metacestodes were treated with
ABZ, microtubular ultrastructure was affected [39, 40]
suggesting that ABZ interfered with tubulin polymerization
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[41]. Molecular genetics revealed that sensitivity to BZ in
evolutionary distant organisms such as fungi, nematodes,
platyhelmithes, and various protozoa was correlated with the
presence of specific alleles of b-tubulin genes [23, 42-45].

4.2. Possible Mode of Action of PZQ in Hydatid Disease

PZQ does not penetrate well into the mature hydatid cyst
and therefore does not inhibit cyst growth, but is a highly
effective protoscolecidal agent both in vitro and in vivo and
shows activity against early cysts as described previously. In
contrast, ABZ is rapidly converted to an active metabolite,
albendazole sulphoxide (ABZ-SO), which achieves high
concentrations in the cyst and is active against both
protoscoleces and the germinal membrane. The action of
ABZ is the inhibition of microtubule assembly, with detected
alterations in cyst tissue also occurring in the germinal layer
[46]. It may be feasible that prior cyst wall damage by ABZ
facilitates the penetration and action of PZQ [47].

5.NOVEL CHEMOTHERAPEUTICAL OPTIONS

In order to identify novel potential alternatives for
chemotherapy against echinococcosis, the strategies most
commonly used have been testing in vitro the agent on
E. multilocularis and E. granulosis metacestodes and/or
protoscoleces, and/or applying in vivo rodent models. In
most cases, researchers have focused on broad-spectrum
antiinfective agents and anti-cancer compounds, many of
which also exhibited reasonable efficacy against Echinococcus
[48]. Tested compounds include benzimidazole derivatives
such as flubendazole, and oxfendazole [49-52]. Ceballos
et al. [53] reported an excellent efficacy of FLBZ against a
secondary hydatid disease developed in mice, even superior
than that observed for ABZ under the same experimental
conditions. Other anti-infective agents like ivermectin,
nitazoxanide, genistein, artemisinin, timol, and rapamycin
were also studied against Echinococcus [54-59]. Although
some of these compounds showed promising in vitro
activities, and to some extent also in the rodent models, they
have not been translated into clinical applications.

Moreover, several drugs inhibiting proliferation of cancer
cells were assayed on Echinococcus metacestodes and
protoscoleces. Spicher et al. [60] demonstrated the in vitro
and in vivo effects of an endogenous metabolite of estrogen,
2-methoxyestradiol, either alone or combined with ABZ,
against E. multilocularis and E. granulosus. The cytostatic
drug, imatinib, had drastic effects on the in vitro
development and survival of E. multilocularis [61].

On the other hand, a problem that has emerged with the
use of synthetic anthelmintics is the development of parasitic
resistance, which can threaten the success of treatment in
humans [62, 63]. Consequently, the search of new therapeutic
alternatives such as the use of traditional medicinal plants
has been increased [64]. The pharmaceutical properties of
aromatic plants are partially attributed to essential oils [65].
Essential oils are volatile, natural, complex compounds
characterized by a strong odour and formed by aromatic
plants as secondary metabolites. These substances may be
constituted for about 20-60 components at quite different
concentrations. Therefore, the biological effects of essential
oils may be the result of a synergism of all these molecules
or reflect only those of the main molecules present at the
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highest levels according to gas chromatographic analysis
[66].

Because of its hydrophobic character, the essential oils or
their components present a great potential of
pharmacological applications as antimicrobial agents [65, 67,
68]. The role of essential oils against parasitic helminths has
been studied by several authors [64, 69-71]. However, there
are few publications about the effect of these substances on
E. granulosus. The in vitro effect of the essential oils of
Rosmarinus officinalis (rosemary), Mentha pulegium, M.
piperita, Pistacia khinjuk (pistachio) and Trachyspermum
ammi (ajowan) was demonstrated against protoscoleces of E.
granulosus [72-75]. Moreover, the in vitro effect of thymol
was observed against protoscoleces, microcysts and cysts of
E. granulosus [54, 76].

Recently, Wu et al. [77] demonstrated that pericyst may
be a new pharmacological and therapeutic target for hydatid
disease. Most parasitic cysts with calcified walls, often
associated with degenerative content and decreased size of
hydatid cysts, are biologically inactive and clinically silent.
When calcification is extensive, death of the parasite is
implied because the large calcified surface reduces the
nutritional exchange between the cyst and the surrounding
parenchyma. Thus, pharmacological modulation of
calcification in pericysts may be a new therapeutic target for
this disease.

6. DRUG DELIVERY SYSTEMS
HYDATID DISEASE

The main purpose of using a DDS is, as implied, not only
to deliver a biological active compound in a controlled way
(time period and releasing rate) but also to maintain drug
level in the body within therapeutic window [78].

(DDS) FOR

The limited progress in improving the efficacy of the
treatment in severe disease cases has suggested a growing
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need for a multidisciplinary approach to deliver the
therapeutic agents to specific targets in tissues. The success
of the chemotherapeutic treatment of hydatid disease is
based on the drug ability to act on the germinal layer and on
the protoscolices of the hydatid cyst interior at adequate
concentrations for sufficient periods of time [79]. Some
studies on the use of DDS are summarized in Table 1.

In 1993, Liance et al. [80] tested the efficacy of
doxorubicin (DOXO) loaded onto polyisohexylcyanoacrylate
(PIHCA) nanoparticles on liver murine AE in mice. In this
study, nanoparticles loaded with doses of DOXO far less
than those used to inhibit hepatic sarcoma metastases [81]
were efficient in inhibiting the hepatic larval growth, and
reducing the parasite viability. Nevertheless, it would be
interest to evaluate the effects of higher doses administered
during a shorter period of time. Because atypical
periparasitic tissue reactions occurred with either free or
bounded DOXO, such experiments would include an
histopathological study in order to determine the effects of
the drug on liver samples taken far from the parasite. An
evaluation of DOXO-loaded nanoparticles during the course
of murine hepatic AE enhances the development of less toxic
anthelminthic compound-loaded nanoparticles.

Drug targeting strategies could make the intravenous
(i.v.) administration of ABZ possible and could increase its
availability in the liver. The aim of the study developed by
Rodrigues et al. [82] was the design of a parenteral
formulation of ABZ using poly (D,L-Lactide) (PLA)
nanoparticles as a biodegradable carrier in order to evaluate
the potential of this new colloidal antiparasitic drug delivery
system in mice with E. multilocularis infection. The
efficiency of ABZ incorporation to PLA nanoparticles was
over 97% at the final ABZ concentration of 0.2 mg/mL and
the system was not toxic for peritoneal macrophages at ABZ
concentrations 10- fold higher than those which were found
to impair the viability of E. granulosus protoscoleces.

Table1. Drug Delivery Systems Studied for the Treatment of Echinococcosis
System Drug References
Polyisohexylcyanoacrylate (PIHCA) nanoparticles. DOXO Liance et al. Int J Parasitol 1993; 23: 427-429.
Poly (D,L-lactide) (PLA) nanoparticles ABZ Rodrigues et al. Int J Parasitol 1995; 25: 1437-1441.
Solution: 40% (w:w) Transcutol® ABZ Torrado et al. Int J Pharm 1997; 156(2): 181-7.
in 1.2 pH buffer (KCI:HCI))
Spot-on PZQ Jenkins DJ, Romig T. Int J Parasitol 2000; 30: 959-962.
30% soybean oil emulsion ABZ Mingjie et al. Acta Trop 2002; 83: 177-181
Emulsion: 30% soybean ABZ Shuhua et al. Acta Trop 2002; 82:77-84.
oil (v/v).
Liposomes ABZ Dvoroznakova et al. Parasitol Int 2004; 53: 315-325.
Chitosan Microspheres ABZ Leonardi et al. J Pharm Biomed Anal 2008; 48: 802-807.
d,l,Polylactide nanoparticles ABZ and/or ABZ-SO Truong Cong, et al. Int J Pharm 2008; 353: 223-232.
Poly(e-caprolactone) implants PZQ Cheng et al. Int J Pharm 2009; 377: 112-119.
Solid lipid nanoparticles ABZ-SO Ahmadnia et al. Exp Parasitol 2013; 135:314-319.
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Interestingly, the absence of hepatic lesions in some ABZ-
loaded nanoparticle-treated mice suggests that this
formulation has increased the hepatic availability of the
drug. Nevertheless, the failure to inhibit the metacestode
establishment by prophylactic treatment still need to be
explained.

As the ABZ therapy is specially important in systemic
cestode infections, particularly in inoperable or disseminated
cases of echinococcosis [83] and neurocysticercosis [84],
different efforts have been made to improve ABZ solubility.
Torrado et al [85] investigated a new liquid formulation,
which consisted of a solvent system of Transcutol® (40%
w:w) in 1.2 pH buffer, in order to improve the oral
bioavailability of ABZ. The higher concentration—time
plasma profile of the ABZ solution would explain the greater
therapeutic effect obtained with this new formulation against
the systemic phases of the Trichinella model studied. This
ABZ solution presented an efficacy against the migrating
larvae phase twice bigger than that of the ABZ suspension
formulation. The ABZ solution presents a very high efficacy
(95.5% reduction at 50 mg/kg dose) which may be specially
important for inoperable or disseminated cases of other
systemic cestode infections such as hydatidosis or
neurocysticercosis.

With this purpose and following with the development of
liquid formulations, Jenkins and Romig (2000) [86] have
reported the results of an assessment of the efficacy of a
“spot-on” dermal anthelmintic treatment containing 4% w/v
PZQ against immature and mature E. multilocularis in cats.
Thirty purpose-bred cats were experimentally infected each
with 10 000 protoscoleces of E. multilocularis. Ten days
later one group of ten cats was treated with Droncit Spot-on
(PZQ) 4% w/v dermally in one place on the dorsal aspect of
the neck at a dose of 8 mg/kg. Eleven days later (21 days
p.i.) a second group of ten cats was also treated with
DroncitR Spot-on the same way.

This study indicates that Droncit Spot-on (PZQ) 4% w/v
applied dermally at 8 mg/kg is highly effective in removing
E. multilocularis from the small intestine of cats infected
with immature and mature (prepatent) infections of E.
multilocularis. In the cats with the mature infections all
tapeworms were absent from the small intestine within 2
days of treatment. It is worth to point out that nowadays, part
of the preventative strategies against the transmission of
human AE includes regular anthelminthic treatment of cats
(and dogs) against tapeworms.

Nevertheless these results, ABZ is now considered as the
chemotherapeutic  treatment of choice for human
echinococcosis. Based on almost two decades of experience,
the cure rate for human cystic echinococcosis with ABZ is
estimated to range between 20 and 40% [87]. In order to
improve its therapeutic efficacy for use in China, Mingjie et
al. [88] have formulated ABZ in a 30% soybean oil emulsion
(AbzE).

Based on the apparent success of treating murine
echinococcosis with AbzE [89] undertook an initial
evaluation of this agent in humans with E. granulosus
infection. Either AbzE or Abz tablets (AbzT) was
administered at a dose corresponding to 12.5 mg/kg of the
ABZ component (maximal dose of 1 g) to seven male
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patients diagnosed with CE. For the initial dose, AbzT was
administered to each patient approximately 2 h after the first
morning meal. Both Abz absorption and serum levels of
ABZ-SO were increased following AbzE administration
relative to AbzT administration. Due to its significant
improvement of bioavailability, AbzE will be recommended
for evaluation in the clinical treatment of echinococcosis
[89], although striking individual differences in the area
under the curve (AUC) levels were seen after oral
administration of AbzT and AbzE, particularly in AbzE

group.

In another attempt to improve the ABZ therapy, Shuhua
et al. [90] developed and characterized a new drug
emulsified system containing 30% of soybean oil. The
emulsion was more effective than ABZ solution in reducing
the weight of hydatid cysts in mice.

Furthermore, Dvoroziidkova et al. [91] studied the effect
of the treatment with free and liposomized ABZ on selected
immunological parameters and cyst growth in mice infected
with E. multilocularis. The size-distribution of vesicles was
approximately 73.1% of the total number of particles ranged
between 2.02 and 4.76 pm. The concentration of ABZ in
liposomes was 3.07 mg/mL and the total phospholipid
content was 12.75 mg/ml. The significant reduction of cyst
weight in comparison with untreated mice (P<0.01) was
recorded after the last drug dose from week 10 up to week 14
p.i. While in the ABZ-treated group decreased cyst growth
was seen for 4 weeks after the termination of therapy,
administration of ABZ in liposomes significantly (P<0.05)
extended the parasitostatic effect of the drug for 4 more
weeks. However, the complete inhibition of cyst growth was
not achieved under either chosen drug regime. Untreated
mice were in a poor condition of health from week 22 p.i.

The same study demonstrates that administration of both
free ABZ and ABZ incorporated in liposomes significantly
modifies selected immunoregulatory and cytotoxic
components of cellular immunity in experimental AE. These
findings indicate that anthelmintic potency of ABZ can be
increased after incorporation into liposomes not only
because of improved pharmacokinetics and consequent
bioavailability, but also because of significant stimulation of
Thl-type cytokine IFN-y response and effector macrophage
functions.

Leonardi et al. [92] developed ABZ-chitosan
microspheres with high dissolution rate and encapsulation
efficiency in order to obtain a systemic action for the
treatment of different hydatidic cysts. Several factors in the
particle formulation were evaluated to distinguish those
which have a significant effect on six responses: yield, pH,
morphology, size, dissolution rate and encapsulation
efficiency of the microparticles. The dissolution profiles for
a formulation obtained in the selected conditions were
contrasted against ABZ without any treatment. The
microparticles formulation showed an enhanced dissolution
rate for ABZ, in comparison to the drug alone.

Recently, Truong Cong et al. [79] formulated BZ-loaded
nanoparticles to increase the apparent solubility of the drug
and to avoid its hepatic metabolism. The particles containing
ABZ and ABZ-SO were obtained by an emulsion solvent
evaporation method using PLA as carrier. The size of the
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particles was around 200 nm. In this work the authors
performed an ex vivo permeation study through hydatid cyst
membranes. The permeation coefficient correlated closely
with the drug partition coefficient log P (r = 0.951, P < 0.05).
From these results, it was possible to propose a simple model
to determine the molecule diffusion through the hydatid cyst
membrane. Thus, the permeation coefficient, P, could be
estimated from the partition coefficient, log P. In fact, these
findings confirmed the preponderant role played by the
lipophilicity of the anthelmintic drugs and the barrier
function of the cyst germinal layer allowing the design of
new drug delivery systems taking into account this premise.

Wei et al. [93] developed a long-term sustained release
implantable PZQ-containing bar, and later Cheng et al.
[94] prepared a PZQ-loaded sustained-release Poly(e-
caprolactone) (PCL) implant and characterized them in terms
of drug thermal stability during the preparation process,
content uniformity, physical state of drug and implant
stability under storage condition. The implants were
prepared by fully blending PZQ particles with melting PCL
at different ratios and then molding the blends into
cylindrical implants by a lab-scale injection molder. PZQ
was stable during the fabrication process. The surfaces of all
implants were smooth and devoid of any pores and cracks.
The in vitro drug release was also evaluated. The systems
shown a burst release that could be ascribed to immediate
dissolution of the drug located on or near the surface of
implants after immersion in the release medium. Following
to this, PZQ release rate gradually slowed down and tended
to be a constant regime. This type of devices can be an
interesting technological alternative for the hydatid
treatment.

In 2013, Ahmadnia et al. [95] published a very
interesting work related to the evaluation of the efficacy of
ABZ and ABZ-SO loaded solid lipid nanoparticles (SLN).
ABZ-SO loaded into SLN have been produced for the first
time using the solvent diffusion evaporation technique. The
mean particle size and size distribution of SLN and ABZ-SO
loaded SLN were 370+140 and 3804125 nm, respectively.
The SLNs were stable in 2-8 °C for at least 90 days but their
stability were limited at room temperature. The entrapment
efficiency was assessed 78% and zeta potential of SLNs was
—2.41 mV. Hydatid cyst developed in 94% of the infected
animals. Treatment of mice with ABZ and ABZ-SO loaded
SLN with the dose of 0.5 mg/kg and with the dose of 2
mg/kg every 48 h resulted in reduction of the cysts size and
weight compared to the control groups, however, the
corresponding reductions were not statistically significant.
These results should be supported by further biochemical
and molecular studies before introducing this treatment as an
efficient therapeutic regimen in treating hydatidosis in
humans and animals but are a good starting point for the use
of lipid systems in the treatment of human echinococcosis.

7. PERSPECTIVES

Modern developments in the science of pharmacology
are based on improved knowledge of basic mechanisms of
drug action and of the molecular basis of disease, together
with an explosion of technological advances in multiple
fields, including analytical chemistry, computational
sciences, molecular biology, genomics and material
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engineering. It is the projection of these transforming
technologies onto our current knowledge base that provides a
realistic approach to predicting what the discipline may well
resemble in the future.

Surveillance of human CE is critical in order to measure
the public health impact of any hydatid control program.
Also, a detailed knowledge of the life cycle of the parasite is
important in relation to rational implementation of hydatid
control programs.

Recently, joint and coordinated implementation of these
health measures, both medical and veterinary, has resulted in
noteworthy improvement in the results of the control
campaigns.

The responsibility for educating the public belongs to all
health professionals, whether engaged in private or public
practice. The success of hydatidosis eradication programs
around the world illustrates the value of educating the public
to accomplish goals.
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