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Abstract

Alveolar echinococcosis (AE) is a chronic zoonotic parasitic disease caused by
infection with Echinococcus multilocularis. AE is associated with a high mortality
rate and poses a significant threat to human health. The primary treatment for AE
is surgical resection of the lesions; however, owing to its long incubation period
and insidious disease progression, many patients are diagnosed only after the
onset of complications such as liver cirrhosis, jaundice, and portal hypertension,
which preclude curative surgical intervention. For patients who are unwilling or
unable to undergo surgery, lifelong administration of anti-AE medications is
necessary. Benzimidazole compounds, such as albendazole and mebendazole, are
the current mainstays of treatment, offering good efficacy. Nevertheless, these
medications primarily inhibit parasite proliferation rather than eradicate the
infection, and their long-term use can lead to significant drug-related toxic effects.
Consequently, there is an urgent need to develop new therapeutic strategies that
convey better efficacy and reduce the adverse effects associated with current
treatments. Recent advancements in AE therapy include novel synthetic com-
pounds such as antiviral agents, antibiotics, antineoplastic agents, immunosup-
pressants, and antiangiogenic agents, as well as natural compounds derived from
traditional Chinese and Tibetan medicine. These new drugs show promising
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clinical potential because they interfere with parasitic metabolic pathways and cellular structures. This review aims
to discuss recent research on AE drug therapy, including mechanisms of action, dosing regimens, signalling
pathways, and therapeutic outcomes, with a goal of providing new insights and directions for the development of
anti-AE drugs and summarizing current advancements in AE pharmacotherapy.

Key Words: Alveolar echinococcosis; Drug therapy; Albendazole; Synthetic compounds; Natural compounds
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Core Tip: Our manuscript reviews the research on albendazole and other drugs in the treatment of alveolar echinococcosis
(AE), with a particular focus on anti-angiogenic drugs, immunosuppressants, and the role of the immune microenvironment
in AE. These areas represent significant parts of our manuscript and are currently in the exploratory phase, so extensive basic
validation experiments are still needed.
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INTRODUCTION

Echinococcosis is a severe zoonotic disease that poses a considerable threat to human health. It is caused by larval
infection with the Echinococcus tapeworm[1]. The adult tapeworm primarily resides in the small intestinal mucosa of
carnivorous animals such as dogs, wolves, and foxes. In contrast, its larvae infect herbivorous animals, including humans,
cattle, and sheep, via egg ingestion, leading to organ pathologies, primarily of the liver, and, in severe cases, can also
affect the lungs, brain, and other organs[2]. Echinococcosis is distributed worldwide, and the two most significant types
are cystic echinococcosis (CE), caused by Echinococcus granulosus (E. granulosus) larvae, and alveolar echinococcosis (AE),
caused by Echinococcus multilocularis (E. multilocularis) larvae. CE is relatively common and is characterized by the
formation of fluid-filled cysts that contain numerous larval parasites[3]. The prognosis for CE is relatively favourable,
especially when early diagnosis and treatment are available. Surgical excision of the cysts combined with pharmaco-
therapy can effectively manage the disease. AE, conversely, is characterized by invasive growth that resembles malignant
tumours, which primarily invade the liver but are also capable of spreading to the lungs, brain, and other organs[4]. The
prognosis for AE is poor, with a high mortality rate[5]. The primary treatment for AE is surgical resection of the lesions.
However, owing to its aggressive and metastatic nature, many patients are diagnosed at a stage where surgical
intervention is no longer feasible or the lesions cannot be completely removed[6]. Consequently, pharmacotherapy is
critically important. Currently, benzimidazole compounds such as albendazole and mebendazole are the mainstay
treatments for AE[7]. These drugs are effective but primarily inhibit parasite proliferation rather than killing parasites
outright. Long-term treatment, which can lead to significant toxic effects such as hepatotoxicity and bone marrow
suppression, is often needed. Furthermore, the cessation of treatment often results in high recurrence rates due to the
inability of these drugs to completely eradicate the parasites, highlighting the urgent need for more effective alternative
drug therapies[8]. Recent advances in the understanding of AE pathophysiology have spurred the development of new
drugs and treatment strategies. Numerous compounds, including antineoplastic drugs, antibiotics, antiangiogenic agents,
and natural compounds derived from traditional Chinese and Tibetan medicine, are being tested in vitro and in vivo.
Benzimidazole combination therapies with other drugs are also being explored at an increasing rate, although only a few
have reached clinical application[9]. This review discusses various drug trials regarding AE, including the mechanisms of
action and therapeutic outcomes of the drugs, with the aim of providing new perspectives and directions for AE drug
development and summarizing recent progress in AE pharmacotherapy.

BENZIMIDAZOLES

Since its introduction in 1961, the benzimidazole class of drugs has been pivotal in the treatment of parasitic infections,
including AE[10]. These drugs not only have achieved significant success as antiparasitic therapies but also have
demonstrated efficacy in treating various conditions, such as cancer, inflammation, and tuberculosis[11]. Benzimidazoles
exert their antiparasitic effects primarily by disrupting the microtubule structures of parasites, thereby inhibiting their
cellular division and metabolism. Additionally, these drugs interfere with glucose uptake during the parasitic larval
stage, leading to glycogen depletion and degenerative changes in mitochondria and the endoplasmic reticulum[12].
Among the benzimidazole family, albendazole and mebendazole are the main drugs approved for the treatment of
echinococcosis in humans and are listed on the World Health Organization’s essential medicines list owing to their
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significant antiparasitic properties[13,14]. This chapter focuses on the combined use of albendazole with other drugs in
the treatment of AE, highlighting the potential for enhanced therapeutic efficacy and reduced toxicity.

COMBINATION THERAPY WITH ALBENDAZOLE

Recent studies[15] have highlighted the potential of ubenimex, a broad-spectrum inhibitor of leucine aminopeptidase, in
conjunction with albendazole for treating AE. This combination therapy has demonstrated significant efficacy in reducing
tumour growth and infiltration in murine models infected with E. multilocularis, as well as mitigating liver damage.
However, its impact on the growth and development of the parasite remains limited. Research suggests that
immunisation with E. multilocularis leucine aminopeptidase can induce a specific immune response that inhibits the
invasion of the parasite[16]. Re-evaluation studies have shown that ubenimex can similarly inhibit the invasion of E.
multilocularis[17]. Based on these findings, the combination of ubenimex and albendazole shows enhanced efficacy in
treating AE, although the precise mechanisms of this combined therapy require further investigation. Additionally,
researchers have reported[18] that combining carvacrol, a monoterpenoid phenol, with albendazole results in superior
therapeutic efficacy in both in vitro and in vivo models compared with albendazole monotherapy. This combination can
enhance treatment outcomes without necessitating an increase in albendazole dosage or an extension of the treatment
period. Moreover, combining metformin with a low dose of albendazole has been shown to enhance the therapeutic
efficacy of existing high-dose albendazole monotherapy. This combination not only improves treatment outcomes but
also reduces drug-induced toxicity to some extent[19].

Owing to the poor solubility and bioavailability of albendazole, various solubilizing agents have been developed to
increase its efficacy. Notable examples include the albendazole crystal dispersion system, albendazole hydrochloride-
hydroxypropyl methylcellulose phthalate composite, and albendazole hydroxyethyl sulfonate-hydroxypropyl methylcel-
lulose phthalate composite. In vivo studies have demonstrated that these albendazole complexes exhibit superior pharma-
cokinetic properties compared with those of conventional albendazole, and in vitro studies have shown significantly
improved efficacy over that of conventional albendazole[20]. Atovaquone, an antimalarial drug, has been identified as a
potent inhibitor of the mitochondrial complex in E. multilocularis. In vitro studies have revealed that the combination of
atovaquone with albendazole under aerobic conditions facilitated more rapid clearance of the parasite. Furthermore, in
vivo studies indicated that this combination significantly reduced the sizes of hepatic lesions in mice, demonstrating
superior efficacy compared with albendazole monotherapy.

Recent studies have demonstrated that the combination of albendazole with thymol has superior therapeutic efficacy to
monotherapy in the treatment of AE[21].

Thymol, a monoterpene phenol, enhances the antiparasitic effect of albendazole, likely because of its ability to disrupt
parasite cell membranes and induce apoptosis[22]. 2-deoxy-D-glucose (2-DG), a glucose analogue that inhibits glycolysis
has also been shown to significantly impair the growth and development of E. multilocularis larvae. Research has
indicated that the combined use of 2-DG and albendazole in vivo mouse models results in a marked increase in
therapeutic efficacy. This combination potentially disrupts the parasite’s energy metabolism, leading to increased
mortality rates among the parasites[23]. Furthermore, early studies[24] revealed that the combination of nitazoxanide, an
antiparasitic agent known for its broad-spectrum activity, with albendazole results in promising antiparasitic effects in
vitro. Nitazoxanide is suggested to inhibit the pyruvate oxidoreductase pathway, which is crucial for anaerobic energy
metabolism in Echinococcus species. Additionally, glucan supplemented with zinc has emerged as an effective adjunct to
albendazole therapy. The supplementation of zinc, an essential trace element, combined with glucan, a polysaccharide, is
proposed to increase the host immune response while enhancing the antiparasitic effects of albendazole, making it a
preferred treatment strategy for AE[25]. These findings highlight the potential of combination therapies in enhancing the
efficacy of albendazole for the treatment of AE. Future research should focus on elucidating the precise mechanisms of
these therapeutic combinations and conducting clinical trials to validate their efficacy and safety in human subjects. The
contents of combination therapies with albendazole are described in Table 1.

ANTIANGIOGENIC DRUGS

The development and pathogenesis of parasites within the host are heavily reliant on the nutrient supply. The formation
of new blood vessels around the parasite likely provides necessary nutrients and serves as a conduit for metastasis[26]. In
addition to the host immune system, an insufficient blood supply is a critical factor leading to the death of parasites
within the host. Therefore, antiangiogenic therapy offers a promising new avenue for the treatment of AE. Anacardic acid
(AA), a compound found in cashew nut shells, has been demonstrated to have significant antitumour[27] and
antiparasitic[28] effects. To better elucidate the therapeutic potential and underlying mechanisms of AA in AE treatment,
both in vivo and in vitro studies have been conducted. These studies[29] have revealed that AA inhibits AE progression
primarily through the suppression of angiogenesis by inhibiting the expression of the vascular endothelial growth factor
(VEGF)-induced signalling pathway. These findings indicate that AA could effectively restrict the nutrient supply
essential for parasite growth and metastasis. Additionally, other studies[30] have shown that the antiangiogenic drug
sunitinib can inhibit AE progression by blocking VEGF-A-induced angiogenesis. The inhibition of the fibroblast growth
factor signalling pathway may be another crucial mechanism, as this pathway is vital for the survival of parasitic stem
cells[31]. Sorafenib, a novel multitarget antineoplastic agent, also has potential in the treatment of AE. Its mechanisms of
action include direct inhibition of tumour cell proliferation by blocking the fibrosarcoma protein/mitogen activates
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Table 1 The contents of the combination therapy with albendazole

Treatment plan In vitro or invivo Treatment effect

ABZ + ubenimex In vitro + in vivo Better therapeutic effect
ABZ + carvacrol In vitro + in vivo Better therapeutic effect
ABZ + metformin In vitro + in vivo Better therapeutic effect
ABZ + atovaquone In vitro + in vivo Better therapeutic effect
ABZ + thymol In vitro + in vivo Better therapeutic effect
ABZ + 2-DG In vitro Better therapeutic effect
ABZ + nitazoxanide In vitro Has a certain effect

ABZ + GIZn In vitro + in vivo Has a certain effect

ABZ solubilizing agents In vitro + in vivo Better therapeutic effect

ABZ: Albendazole; 2-DG: 2-deoxy-D-glucose; GIZn: Glucan supplemented with zinc.

extracellular signal-regulated kinases/extracellular signal regulated kinase signalling pathway and indirect suppression
of tumour growth by preventing new blood vessel formation through the inhibition of VEGF receptors (VEGFRs) and
platelet-derived growth factor receptors[32]. Our previous studies have revealed that sorafenib has significant anti-AE
efficacy in a rat model, potentially through the inhibition of VEGFR, which consequently blocks the formation of new
blood vessels around the lesion, thereby inhibiting AE progression. These findings suggest that antiangiogenic therapy
may serve as a potential pharmacological target for the treatment of AE, offering new hope for managing this challenging
disease.

ANTITUMOUR DRUGS

As early as the 1970s, researchers began investigating the potential application of anti-tumour drugs in the treatment of
AEJ[33]. Certain cytostatic drugs, which were originally designed for cancer treatment, can interfere with the metabolic
processes and cell cycles of parasites, thereby inhibiting their growth and reproduction[34,35]. The mechanisms of action
of these drugs may include the inhibition of cell proliferation-related signalling pathways, the induction of parasitic cell
apoptosis, and a reduction in the energy supply to parasitic cells. Imatinib (a small-molecule protein kinase inhibitor
widely used for the treatment of chronic leukaemia and malignant gastrointestinal stromal tumours) has been shown to
effectively inhibit the growth of E. multilocularis larvae, suggesting its potential as a chemotherapeutic agent for AE[36].
Bortezomib (a drug used for the treatment of multiple myeloma and mantle cell lymphoma)[37,38] has demonstrated
high efficacy in vitro; however, it has not achieved the expected outcomes in mouse models in vivo[39]. These findings
indicate that the proteasome targeted by bortezomib could be a potential therapeutic target for AE, but further invest-
igation is needed to understand its in vivo efficacy. 2-methoxyestradiol (2-ME2) is an effective anti-tumour drug used to
treat breast cancer[40]. In vitro studies have shown that 2-ME2 has significant antiparasitic effects against E. multilocularis,
and promising results have been demonstrated in mouse models. However, compared with those of albendazole, the
treatment outcomes did not significantly differ, suggesting that the effects of 2-ME2 might be related to the reduction in
14-3-3 protein expression[41].

Three-bromopyruvate (3-BrPA) is a potential anti-tumour agent that is known primarily for its ability to selectively kill
cancer cells by inhibiting the glycolytic pathway[42]. In both in vitro and in vivo experiments regarding the treatment of
AE, 3-BrPA has demonstrated significant therapeutic efficacy. Notably, in vivo studies using mouse models have shown
that 3-BrPA has minimal hepatotoxicity. Given that AE patients almost invariably suffer from hepatic involvement, this
characteristic renders 3-BrPA a promising candidate for AE treatment[43]. Furthermore, these findings suggest that
glycolytic enzymes may serve as potential therapeutic targets for AE. Genistein, a phytoestrogen found in plants, is
known to prevent various cancers and cardiovascular diseases[44]. In vitro studies regarding AE, genistein has exhibited
notable antiparasitic activity. However, long-term use of genistein could induce oestrogenic effects, which necessitates
caution. To mitigate this issue, researchers have employed synthetic genistein in vitro experiments, which has
demonstrated significant antiparasitic efficacy with considerably decreased oestrogenic side effects due to the knockout
of expression of key genes. The proposed mechanism of action involves the inhibition of tyrosine protein kinase, but
further in vivo studies are needed to confirm these effects[45]. Lonidamine, a broad-spectrum anti-tumour drug, has
shown marked antiparasitic activity in in vitro studies on AE, indicating its potential as a therapeutic agent[46].

Previous studies have demonstrated that doxorubicin can effectively reduce the viability and developmental
progression of E. multilocularis in both in vivo and in vitro models[47]. This reduction suggests the significant potential of
doxorubicin in disrupting the metabolic and proliferative processes of the parasite, thereby impeding its lifecycle and
reducing its pathogenicity. Other anti-tumour agents, including tamoxifen[48], 5-fluorouracil[49], and paclitaxel[34], have
shown notable antiparasitic effects in studies focused on CE caused by E. granulosus. These findings indicate that these

3%9@) WIH | https://www.wjgnet.com 1246 November 27,2024 | Volume16 | Issuell |



Jing QD et al. Current status of AE therapy

drugs may disrupt key cellular functions necessary for parasitic survival and development. Given their mechanisms of
action, such as inhibiting life cycle progression and inducing apoptosis, these drugs may also hold promise for treating
AE, pending further research to assess their efficacy against E. multilocularis. Conversely, some anti-tumour drugs, such
as nilotinib and everolimus, have not demonstrated significant therapeutic effects against AE[50]. This observation
highlights the importance of identifying specific molecular targets within the parasite that are essential for its life cycle,
which may differ from those in tumour cells. Understanding these unique pathways is crucial for developing effective
treatment strategies for AE. The repurposing of anti-tumour drugs for AE treatment offers a promising avenue, partic-
ularly as these drugs can interfere with cellular processes that are essential for the survival of parasitic organisms.
However, the variability in drug efficacy highlights the importance of understanding the unique biology of E. multiloc-
ularis and identifying specific targets that can be exploited for therapeutic intervention. Further in vivo studies are crucial
to confirm the potential of these anti-tumour agents and to facilitate their integration into clinical strategies for managing
AE.

IMMUNOSUPPRESSANTS

In recent years, immunotherapies such as immune checkpoint blockade have achieved significant advancements in cancer
treatment[51]. Because AE shares similar characteristics with cancer in terms of invasiveness and metastasis, interest in
applying immunotherapy to parasitic diseases has increased. E. multilocularis infection is primarily modulated by the host
adaptive immune response[52]. Studies have indicated that infection with E. multilocularis in mice induces alternative
activation of macrophages, which is closely linked to the programmed cell death protein 1 (PD-1)/programmed cell death
ligand 1 (PD-L1) signalling pathway[53]. Consequently, researchers have explored the use of monoclonal antibodies
(MADbs) to block the PD-1/PD-L1 pathway in vitro and in vivo experiments regarding AE, and these have demonstrated
significant antiparasitic effects[54]. Additional studies have reported that the PD-1/PD-L1 pathway primarily combats E.
multilocularis infection by modulating adaptive and innate immune cells[55], suggesting that the PD-1/PD-L1 pathway
could be a potential therapeutic target for the treatment of AE.

T-cell immunoglobulin and immunoreceptor tyrosine-based inhibitory motif domain (TIGIT) is an emerging
immunosuppressive receptor. Research[56] has shown that anti-TIGIT MAbs can increase the synthesis of interferon-
gamma (IFN-y) and tumour necrosis factor-alpha by natural killer (NK) cells. Immunotherapy using TIGIT MAbs in mice
infected with E. multilocularis has demonstrated the potential to reverse NK cell exhaustion, thereby enhancing the
immune response and effectively inhibiting lesion growth. These findings offer a new perspective on immunotherapy for
AE. Previous studies have indicated that treatment with IFN-y, IFNa-2a, and interleukin-12 has partial efficacy against
AE, likely due to immunomodulatory effects[57-59]. However, like the treatment of AE with anticancer drugs, the
immunosuppressant cyclosporin A does not appear to have anti-E. multilocularis activity, possibly because of its role in
mediating immune response mechanisms[60]. Overall, immunotherapy represents a promising avenue for treating AE,
yet more research into MAbs and immune checkpoint inhibitors is needed to substantiate these findings.

ANTI-INFECTIVE DRUGS

Amphotericin B is an antifungal agent that has shown promising results in cases in which AE patients in terminal stages
have developed resistance to albendazole. Case reports have suggested that amphotericin B treatment yields favourable
outcomes for such patients[61,62], and both in vitro and in vivo studies have confirmed its efficacy in inhibiting the growth
of E. multilocularis. However, it does not exhibit direct parasiticidal activity, necessitating prolonged treatment for
patients[63]. Compared with albendazole, pseudolaric acid B, a compound with antifungal properties, has been
demonstrated to have a potent inhibitory effect on E. multilocularis both in vitro and in vivo, with a lower toxicity profile.
These findings indicate that pseudolaric acid B might be a potential chemotherapeutic agent for treating AE[64].
Itraconazole has been proven to effectively inhibit the growth of E. multilocularis, although its action appears to be limited
to growth inhibition rather than parasiticidal effects[65]. Clarithromycin, a macrolide antibiotic, has shown variable
effects on E. multilocularis in vitro, including a loss of motility in larvae following treatment, thereby hindering their
growth and development[66]. Buparvaquone, a quinone compound with antibacterial activity, has been shown to exert
early antiparasitic effects by damaging the mitochondria of E. multilocularis; however, its overall efficacy has yet to be
fully validated[67]. The application of anti-infective drugs, including antibacterial, antifungal, and antiviral agents,
presents new avenues for AE treatment, although extensive research is needed to establish their efficacy and safety.

ANTIMALARIAL DRUGS AND INSECTICIDES

Mefloquine, a classic antimalarial drug, was shown in early studies to inhibit the proliferation of E. multilocularis both in
vivo and in vitro[68]. However, it does not exhibit direct parasiticidal activity and may induce severe psychiatric side
effects, limiting its use; however, it could be a salvage therapy option for terminal-stage patients[69]. Recent research[70]
has indicated that four mefloquine derivatives can significantly reduce drug-related damage. Although their anti-E.
multilocularis activities are not markedly superior to that of mefloquine, these derivatives offer improved therapeutic
choices for AE. Artemisinin, now a first-line antimalarial treatment, along with its derivatives[71], has shown good
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activity against E. multilocularis in vitro, although there is no significant difference compared with albendazole[72].
Thiacloprid, a novel insecticide, has demonstrated parasiticidal effects against E. multilocularis in both in vivo and in vitro
studies, suggesting that it could be a promising new treatment for AE[73]. Carbazole aminoalcohols, which are broad-
spectrum antiparasitic agents that are effective against Plasmodium falciparum and Schistosoma japonicum[74], have shown
significant therapeutic effects in vitro against E. multilocularis. In vivo studies have revealed a marked reduction in tumour
mass in mice, indicating that carbazole aminoalcohols could be a potential therapeutic option for AE[75]. The anthel-
mintic drugs triclabendazole and clorsulon have also demonstrated good anti-E. multilocularis effects in vitro[76].

OTHER SYNTHETIC COMPOUNDS AND DRUG CARRIERS

Verapamil, a calcium channel blocker commonly used to treat cardiovascular diseases, has been shown to have inhibitory
effects on E. multilocularis by downregulating calcium ion levels both in vivo and in vitro[77]. These findings suggest that
calcium ion signalling pathways could be potential therapeutic targets for AE and that verapamil might represent a novel
anti-AE drug. Scholars have also investigated the effects of dithiocarbamate derivatives and disulfiram on E. multilocularis
via both in vivo and in vitro experiments. Dithiocarbamate derivatives exhibit significant antiparasitic effects[78].
Interestingly, while disulfiram has shown antiparasitic activity in previous studies, it did not display anti-E. multilocularis
activity in the present study[79]. In the pharmacological treatment of AE, a major challenge for clinicians and patients is
low drug exposure levels in vivo, leading to suboptimal therapeutic efficacy. This highlights the urgent need for new drug
delivery systems that can target the most affected organs and increase in vivo drug exposure. Studies have shown that
polylactic-co-glycolic acid nanoparticles, when loaded with anti-AE drugs, significantly improved therapeutic outcomes
and reduced drug toxicity in a murine model[80]. Another study combined magnetic inorganic particles with anti-AE
drugs to form composite microspheres with magnetic properties and specific structures for drug delivery. These magnetic
microspheres demonstrated significant parasiticidal effects in mice[81]. These findings suggest that targeted drug
delivery systems could be a promising strategy for the treatment of AE. The efficacy of various synthetic compounds
against AE is shown in Table 2.

NATURAL COMPOUNDS

For many years, natural compounds have been regarded as a significant repository for drug development[82]. Compared
with synthetic compounds, natural compounds often exhibit milder adverse drug reactions[83]. Herbal medicines are also
extensively used in antiparasitic research. For example, asparagusic acid, a natural compound extracted from asparagus,
has been shown to exert antiparasitic effects by inducing apoptosis in tissues surrounding lesions. Its potential
mechanisms of action include regulating mitochondrial membrane potential levels in E. multilocularis and modulating the
phosphoinositide 3-kinase/ protein kinase B signalling pathway[84]. Another natural compound, crocin, a water-soluble
carotenoid, has demonstrated potential in inhibiting the activity of E. multilocularis both in vivo and in vitro. It is
considered a promising alternative treatment for AE[85]. Allicin, one of the main active components of garlic, not only
possesses antibacterial[86], anti-tumour[87], and anti-parasitic[88] properties but also has been shown to exhibit
significant anti-E. multilocularis activity by enhancing immune responses[89]. Furthermore, the essential oil of Thymus
capitatus, a natural spice produced in regions such as Spain, has been found to have good anti-E. multilocularis activity in
vitro. However, its specific mechanism of action and targets have not yet been fully elucidated[90].

Ampelopsin, a natural compound commonly used in cancer therapy, has been found to exhibit significant in vitro
inhibitory effects on E. multilocularis and shows no obvious toxicity at effective doses[91]. Menthol, a major component of
plant essential oils, possesses important pharmacological properties. Both menthol and its prodrug, menthol-pentanol,
have demonstrated strong antiparasitic activities against E. multilocularis in both in vivo and in vitro studies, with menthol-
pentanol exhibiting more efficient parasiticidal effects than menthol[92]. Osthole, a compound extracted from plant fruits,
has shown promising anti-E. multilocularis activity both in vivo and in vitro, making it a potential candidate for therapeutic
application[93]. Additionally, various natural compounds, such as Punica granatum peel extract, matrine, and curcumin,
have demonstrated significant inhibitory and parasiticidal effects on E. multilocularis in both in vivo and in vitro
experiments[94]. Their antiparasitic mechanisms may include the inhibition of protein synthesis, the induction of
apoptosis, and interference with energy metabolism. Despite the significant antiparasitic effects observed in recent in vivo
and in vitro studies, further validation is needed to confirm their clinical applicability. The efficacy of various natural
compounds against AE is shown in Table 3.

CONCLUSION

Currently, AE remains a significant challenge for surgeons. For patients who cannot undergo surgery or choose not to
undergo surgery, benzimidazole derivatives, particularly albendazole, remain the primary treatment options. However,
long-term use of benzimidazole drugs can lead to serious adverse effects, and some patients may develop resistance,
posing additional therapeutic challenges. Recent studies have demonstrated that antiangiogenic agents, immunosup-
pressants, anticancer drugs, anti-infective drugs, antimalarials, insecticides, natural compounds such as herbal medicines,
and nanomedicine delivery systems exhibit substantial potential in the treatment of AE. Combination therapies and
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Table 2 Synthetic compounds for anti-alveolar echinococcosis therapy

Treatment plan In vitro or invivo Treatment effect

Anti-angiogenic drugs Anacardic acid In vitro + in vivo Inhibit AE progression
Sunitinib In vitro + in vivo Inhibit AE progression
Sorafenib In vivo Inhibit AE progression

Anti-tumour drugs Imatinib In vitro Inhibit E. multilocularis growth
Bortezomib In vitro + in vivo Inhibit E. multilocularis growth
2-ME2 In vitro + in vivo Better therapeutic effect
3-BrPA In vitro + in vivo Better therapeutic effect
Genistein In vitro Inhibit E. multilocularis growth
Lonidamine In vitro Inhibit E. multilocularis growth
Doxorubicin In vitro + in vivo Better therapeutic effect
Tamoxifen In vitro + in vivo Better therapeutic effect

5-fluorouracil

In vitro + in vivo

Better therapeutic effect

Paclitaxel In vitro + in vivo Better therapeutic effect
Nilotinib In vitro No therapeutic effect
Everolimus In vitro No therapeutic effect

Immunosuppressants PD-1/PD-L1 MAbs In vitro + in vivo Better therapeutic effect
TIGIT MAbs In vitro + in vivo Better therapeutic effect
IFN-y In vitro Inhibit E. multilocularis growth
TFNo-2a In vitro Inhibit E. multilocularis growth
IL-12 In vitro Inhibit E. multilocularis growth
Cyclosporin A In vitro No therapeutic effect
Anti-infective drugs Amphotericin B In vitro + in vivo Better therapeutic effect

Pseudolaric acid B

In vitro + in vivo

Better therapeutic effect

Itraconazole In vitro Inhibit E. multilocularis growth
Macrolide antibiotic clarithromycin In vitro Inhibit E. multilocularis growth
Buparvaquone In vitro Inhibit E. multilocularis growth
Antimalarial drugs and insecticides Mefloquine In vitro + in vivo Better therapeutic effect
Artemisinin In vitro Inhibit E. multilocularis growth
Thiacloprid In vitro + in vivo Better therapeutic effect

Carbazole aminoalcohols

In vitro + in vivo

Better therapeutic effect

Triclabendazole In vitro Inhibit E. multilocularis growth
Clorsulon In vitro Inhibit E. multilocularis growth
Other synthetic compounds and drugs carriers Verapamil In vitro + in vivo Better therapeutic effect

Dithiocarbamate Derivatives

PLGA

In vitro

In vivo

Inhibit E. multilocularis growth

Better therapeutic effect

IL-12: Interleukin-12; PLGA: Polylactic-co-glycolic acid; 2-ME2: 2-methoxyestradiol; 3-BrPA: 3-bromopyruvate; PD-1: Programmed cell death protein 1; PD-
L1: Programmed cell death ligand 1; MAbs: Monoclonal antibodies; TIGIT: T-cell immunoglobulin and immunoreceptor tyrosine-based inhibitory motif
domain; IFN: Interferon; AE: Alveolar echinococcosis.
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Table 3 Natural compound anti-alveolar echinococcosis therapy

Treatment plan In vitro or invivo Treatment effect
Asparagusic acid In vitro + in vivo Better therapeutic effect
Crocin In vitro + in vivo Better therapeutic effect
Allicin In vitro + in vivo Better therapeutic effect
Thymus capitatus essential oil In vitro Inhibit E. multilocularis growth
Ampelopsin In vitro Inhibit E. multilocularis growth
Menthol In vitro + in vivo Better therapeutic effect
Osthole In vitro + in vivo Better therapeutic effect
Punica granatum peel extract In vitro + in vivo Better therapeutic effect
Matrine In vitro + in vivo Better therapeutic effect
Curcumin In vitro + in vivo Better therapeutic effect

emerging drugs such as corticosteroids also provide new directions and possibilities for treating AE. Although existing
drug therapies have led to some progress in controlling AE, issues of drug resistance and toxicity from prolonged use
remain major challenges. Future research should focus on developing new therapeutic strategies, exploring optimal drug
combinations to increase treatment efficacy, and reducing side effects to bring new hope to AE patients.

FOOTNOTES

Author contributions: Jing QD and A JD conceptualized and designed this research and obtained, analyzed, interpreted data, and
prepared the initial draft of the manuscript, both authors have made crucial and indispensable contributions to the completion of the
project, and therefore qualify as co first authors of the paper; Liu LX and Fan HN conducted a critical review of the important knowledge
content in the manuscript, as co corresponding authors, they played an indispensable role in data interpretation and manuscript
preparation; Fan HN conceptualized, designed, and supervised the entire process of the project; All the authors have read and approved
the final manuscript.

Supported by the Guiding Program Project of Qinghai Provincial Health Commission, No. 2020-wjzdx-27.
Conflict-of-interest statement: The authors declare that they have no conflict of interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Qin-Dong Jing 0009-0009-2857-2143; Ji-De A 0000-0003-4478-1972; Lin-Xun Liu 0000-0003-1998-5746; Hai-Ning Fan 0000-
0002-1796-5891.

S-Editor: Fan M
L-Editor: A
P-Editor: Cai YX

REFERENCES

1 McManus DP, Zhang W, Li J, Bartley PB. Echinococcosis. Lancet 2003; 362: 1295-1304 [PMID: 14575976 DOI:
10.1016/S0140-6736(03)14573-4]

2 Leroux M, Benavides U, Hellel-Bourtal I, Silvarrey C, Milhau N, Marchal T, Bourgeois S, Lawton P, Briangon S, Petavy AF, Lahmar S,
Esteves A, Almouazen E, Azzouz-Maache S. Development of an oral nanovaccine for dogs against Echinococcus granulosus. Eur J Pharm
Biopharm 2023; 192: 185-195 [PMID: 37769880 DOL: 10.1016/j.¢jpb.2023.09.012]

3 Wen H, Vuitton L, Tuxun T, Li J, Vuitton DA, Zhang W, McManus DP. Echinococcosis: Advances in the 21st Century. Clin Microbiol Rev
2019; 32 [PMID: 30760475 DOI: 10.1128/CMR.00075-18]

4 Lallemand S, Oyhenart J, Valot B, Borne R, Bohard L, Umhang G, Karamon J, Konyaev S, Ronnberg C, Gottstein B, Weil-Verhoeven D,
Richou C, Bresson-Hadni S, Millon L, Bellanger AP, Knapp J. Challenging the phylogenetic relationships among Echinococcus multilocularis
isolates from main endemic areas. Int J Parasitol 2024; 54: 569-582 [PMID: 38815855 DOI: 10.1016/].ijpara.2024.05.004]

Buisnidenge VVJH | hittps://www.wignet.com 1250 November 27,2024 | Volume16 | Issuell |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0009-2857-2143
http://orcid.org/0009-0009-2857-2143
http://orcid.org/0000-0003-4478-1972
http://orcid.org/0000-0003-4478-1972
http://orcid.org/0000-0003-1998-5746
http://orcid.org/0000-0003-1998-5746
http://orcid.org/0000-0002-1796-5891
http://orcid.org/0000-0002-1796-5891
http://orcid.org/0000-0002-1796-5891
http://www.ncbi.nlm.nih.gov/pubmed/14575976
https://dx.doi.org/10.1016/S0140-6736(03)14573-4
http://www.ncbi.nlm.nih.gov/pubmed/37769880
https://dx.doi.org/10.1016/j.ejpb.2023.09.012
http://www.ncbi.nlm.nih.gov/pubmed/30760475
https://dx.doi.org/10.1128/CMR.00075-18
http://www.ncbi.nlm.nih.gov/pubmed/38815855
https://dx.doi.org/10.1016/j.ijpara.2024.05.004

6

21

N
()

24

Jing QD et al. Current status of AE therapy

McManus DP, Gray DJ, Zhang W, Yang Y. Diagnosis, treatment, and management of echinococcosis. BM.J 2012; 344: ¢3866 [PMID:
22689886 DOI: 10.1136/bmj.e3866]

Lin X, Shao YM, Zhang RQ, Aji T. Applying LASSO logistic regression for the prediction of biliary complications after ex vivo liver
resection and autotransplantation in patients with end-stage hepatic alveolar echinococcosis. Eur J Med Res 2024; 29: 301 [PMID: 38812045
DOI: 10.1186/s40001-024-01898-1]

Li C, Zhang Y, Pang M, Zhang Y, Hu C, Fan H. Metabolic mechanism and pharmacological study of albendazole in secondary hepatic
alveolar echinococcosis (HAE) model rats. Antimicrob Agents Chemother 2024; 68: €0144923 [PMID: 38501660 DOI: 10.1128/aac.01449-23]
Hemphill A, Stadelmann B, Scholl S, Miiller J, Spiliotis M, Miiller N, Gottstein B, Siles-Lucas M. Echinococcus metacestodes as laboratory
models for the screening of drugs against cestodes and trematodes. Parasitology 2010; 137: 569-587 [PMID: 19765346 DOI:
10.1017/S003118200999117X]

Hemphill A, Stadelmann B, Rufener R, Spiliotis M, Boubaker G, Miiller J, Miiller N, Gorgas D, Gottstein B. Treatment of echinococcosis:
albendazole and mebendazole--what else? Parasite 2014; 21: 70 [PMID: 25526545 DOI: 10.1051/parasite/2014073]

Siles-Lucas M, Casulli A, Cirilli R, Carmena D. Progress in the pharmacological treatment of human cystic and alveolar echinococcosis:
Compounds and therapeutic targets. PLoS Negl Trop Dis 2018; 12: ¢0006422 [PMID: 29677189 DOI: 10.1371/journal.pntd.0006422]

Keri RS, Hiremathad A, Budagumpi S, Nagaraja BM. Comprehensive Review in Current Developments of Benzimidazole-Based Medicinal
Chemistry. Chem Biol Drug Des 2015; 86: 19-65 [PMID: 25352112 DOI: 10.1111/cbdd.12462]

Wu XW, Chen XL, Zhang SJ, Zhang X, Sun H, Peng XY. Pericyst may be a new pharmacological and therapeutic target for hydatid disease.
Chin Med J (Engl) 2011; 124: 2857-2862 [PMID: 22040492]

Brunetti E, Kern P, Vuitton DA; Writing Panel for the WHO-IWGE. Expert consensus for the diagnosis and treatment of cystic and alveolar
echinococcosis in humans. Acta Trop 2010; 114: 1-16 [PMID: 19931502 DOI: 10.1016/j.actatropica.2009.11.001]

Han MJ, Zou ZZ. Enabling a novel solvent method on Albendazole solid dispersion to improve the in vivo bioavailability. Eur J Pharm Sci
2024; 196: 106751 [PMID: 38508502 DOI: 10.1016/j.ejps.2024.106751]

Zhou Z, Huayu M, Mu Y, Tang F, Ge RL. Ubenimex combined with Albendazole for the treatment of Echinococcus multilocularis-induced
alveolar echinococcosis in mice. Front Vet Sci 2024; 11: 1320308 [PMID: 38585297 DOI: 10.3389/fvets.2024.1320308]

Wang L, Wei W, Zhou P, Liu H, Yang B, Feng L, Ge RL, Li R, Tang F. Enzymatic characteristics and preventive effect of leucine
aminopeptidase against Echinococcus multilocularis. Acta Trop 2021; 222: 106066 [PMID: 34303691 DOI:
10.1016/j.actatropica.2021.106066]

Zhou Z, Zhou P, Mu Y, Wang L, Cao Z, Dong S, Bao H, Yang B, Xin M, Li R, Ge RL, Tang F. Therapeutic effect on Alveolar echinococcosis
by targeting EM-Leucine aminopeptidase. Front Immunol 2022; 13: 1027500 [PMID: 36311709 DOI: 10.3389/fimmu.2022.1027500]
Lopez LM, Pensel PE, Fabbri J, Albani CM, Elissondo N, Gambino G, Elissondo MC. The combination of carvacrol and albendazole
enhanced the efficacy of monotherapy in experimental alveolar echinococcosis. Acta Trop 2022; 225: 106198 [PMID: 34688631 DOI:
10.1016/j.actatropica.2021.106198]

Loos JA, Coccimiglio M, Nicolao MC, Rodrigues CR, Cumino AC. Metformin improves the therapeutic efficacy of low-dose albendazole
against experimental alveolar echinococcosis. Parasitology 2022; 149: 138-144 [PMID: 35184788 DOI: 10.1017/S0031182021001633]

Hu C, Zhang F, Fan H. Improvement of the Bioavailability and Anti-hepatic Alveolar Echinococcosis Effect of Albendazole-Isethionate/
Hypromellose Acetate Succinate (HPMC-AS) Complex. Antimicrob Agents Chemother 2021; 65: 0223320 [PMID: 33875425 DOI:
10.1128/AAC.02233-20]

Enkai S, Kouguchi H, Inaoka DK, Irie T, Yagi K, Kita K. In vivo efficacy of combination therapy with albendazole and atovaquone against
primary hydatid cysts in mice. Eur J Clin Microbiol Infect Dis 2021; 40: 1815-1820 [PMID: 33770336 DOI: 10.1007/s10096-021-04230-5]
Albani CM, Pensel PE, Elissondo N, Gambino G, Elissondo MC. In vivo activity of albendazole in combination with thymol against
Echinococcus multilocularis. Vet Parasitol 2015; 212: 193-199 [PMID: 26190130 DOI: 10.1016/j.vetpar.2015.06.030]

Xin Q,Lv W, XuY, Luo Y, Zhao C, Wang B, Yuan M, Li H, Song X, Jing T. 2-Deoxy-D-glucose and combined 2-Deoxy-D-glucose/
albendazole exhibit therapeutic efficacy against Echinococcus granulosus protoscoleces and experimental alveolar echinococcosis. PLoS Negl
Trop Dis 2022; 16: €0010618 [PMID: 35849619 DOI: 10.1371/journal.pntd.0010618]

Stettler M, Fink R, Walker M, Gottstein B, Geary TG, Rossignol JF, Hemphill A. In vitro parasiticidal effect of Nitazoxanide against
Echinococcus multilocularis metacestodes. Antimicrob Agents Chemother 2003; 47: 467-474 [PMID: 12543645 DOL:
10.1128/AAC.47.2.467-474.2003]

Porubcova J, Dvoroznakova E, Sevcikova Z. Immunomodulative effect of glucan and/or glucan supplemented with zinc in albendazole
therapy for murine alveolar echinococcosis. Parasitol Res 2007; 101: 751-760 [PMID: 17497173 DOI: 10.1007/s00436-007-0545-4]

Dennis RD, Schubert U, Bauer C. Angiogenesis and parasitic helminth-associated neovascularization. Parasitology 2011; 138: 426-439
[PMID: 21232174 DOI: 10.1017/S0031182010001642]

Nabekura T, Hiroi T, Kawasaki T, Uwai Y. Effects of natural nuclear factor-kappa B inhibitors on anticancer drug efflux transporter human P-
glycoprotein. Biomed Pharmacother 2015; 70: 140-145 [PMID: 25776492 DOI: 10.1016/j.biopha.2015.01.007]

Lee SJ, Park WH, Moon HI. Bioassay-guided isolation of antiplasmodial anacardic acids derivatives from the whole plants of Viola websteri
Hemsl. Parasitol Res 2009; 104: 463-466 [PMID: 18830630 DOI: 10.1007/s00436-008-1205-7]

Yuan M, Song X, Lv W, Xin Q, Wang L, Gao Q, Zhang G, Liao W, Lian S, Jing T. Effect of anacardic acid against echinococcosis through
inhibition of VEGF-induced angiogenesis. Vet Res 2019; 50: 3 [PMID: 30642401 DOI: 10.1186/s13567-019-0621-7]

Jiang H, Wang X, Guo L, Tan X, Gui X, Liao Z, Li Z, Chen X, Wu X. Effect of sunitinib against Echinococcus multilocularis through
inhibition of VEGFA-induced angiogenesis. Parasit Vectors 2023; 16: 407 [PMID: 37936208 DOI: 10.1186/s13071-023-05999-4]

Forster S, Koziol U, Schifer T, Duvoisin R, Cailliau K, Vanderstraete M, Dissous C, Brehm K. The role of fibroblast growth factor signalling
in Echinococcus multilocularis development and host-parasite interaction. PLoS Neg! Trop Dis 2019; 13: e0006959 [PMID: 30849083 DOI:
10.1371/journal.pntd.0006959]

Sposito C, Mariani L, Germini A, Flores Reyes M, Bongini M, Grossi G, Bhoori S, Mazzaferro V. Comparative efficacy of sorafenib versus
best supportive care in recurrent hepatocellular carcinoma after liver transplantation: a case-control study. J Hepatol 2013; 59: 59-66 [PMID:
23500153 DOI: 10.1016/.jhep.2013.02.026]

Lubinsky G, Lee CF, Baron RW. Attempts at chemotherapy of echinococcus multilocularis infections in rodents. II. A study of some
parasiticides and cytostatic agents. Can J Zool 1971; 49: 1301-1304 [PMID: 5119811 DOI: 10.1139/z71-196]

Pensel PE, Albani C, Gamboa GU, Benoit JP, Elissondo MC. In vitro effect of 5-fluorouracil and paclitaxel on Echinococcus granulosus larvae
and cells. Acta Trop 2014; 140: 1-9 [PMID: 25088684 DOI: 10.1016/j.actatropica.2014.07.013]

Bienideng>  VVIH | https://www.wjgnet.com 1251 November 27,2024 | Volume16 | Issuell |


http://www.ncbi.nlm.nih.gov/pubmed/22689886
https://dx.doi.org/10.1136/bmj.e3866
http://www.ncbi.nlm.nih.gov/pubmed/38812045
https://dx.doi.org/10.1186/s40001-024-01898-1
http://www.ncbi.nlm.nih.gov/pubmed/38501660
https://dx.doi.org/10.1128/aac.01449-23
http://www.ncbi.nlm.nih.gov/pubmed/19765346
https://dx.doi.org/10.1017/S003118200999117X
http://www.ncbi.nlm.nih.gov/pubmed/25526545
https://dx.doi.org/10.1051/parasite/2014073
http://www.ncbi.nlm.nih.gov/pubmed/29677189
https://dx.doi.org/10.1371/journal.pntd.0006422
http://www.ncbi.nlm.nih.gov/pubmed/25352112
https://dx.doi.org/10.1111/cbdd.12462
http://www.ncbi.nlm.nih.gov/pubmed/22040492
http://www.ncbi.nlm.nih.gov/pubmed/19931502
https://dx.doi.org/10.1016/j.actatropica.2009.11.001
http://www.ncbi.nlm.nih.gov/pubmed/38508502
https://dx.doi.org/10.1016/j.ejps.2024.106751
http://www.ncbi.nlm.nih.gov/pubmed/38585297
https://dx.doi.org/10.3389/fvets.2024.1320308
http://www.ncbi.nlm.nih.gov/pubmed/34303691
https://dx.doi.org/10.1016/j.actatropica.2021.106066
http://www.ncbi.nlm.nih.gov/pubmed/36311709
https://dx.doi.org/10.3389/fimmu.2022.1027500
http://www.ncbi.nlm.nih.gov/pubmed/34688631
https://dx.doi.org/10.1016/j.actatropica.2021.106198
http://www.ncbi.nlm.nih.gov/pubmed/35184788
https://dx.doi.org/10.1017/S0031182021001633
http://www.ncbi.nlm.nih.gov/pubmed/33875425
https://dx.doi.org/10.1128/AAC.02233-20
http://www.ncbi.nlm.nih.gov/pubmed/33770336
https://dx.doi.org/10.1007/s10096-021-04230-5
http://www.ncbi.nlm.nih.gov/pubmed/26190130
https://dx.doi.org/10.1016/j.vetpar.2015.06.030
http://www.ncbi.nlm.nih.gov/pubmed/35849619
https://dx.doi.org/10.1371/journal.pntd.0010618
http://www.ncbi.nlm.nih.gov/pubmed/12543645
https://dx.doi.org/10.1128/AAC.47.2.467-474.2003
http://www.ncbi.nlm.nih.gov/pubmed/17497173
https://dx.doi.org/10.1007/s00436-007-0545-4
http://www.ncbi.nlm.nih.gov/pubmed/21232174
https://dx.doi.org/10.1017/S0031182010001642
http://www.ncbi.nlm.nih.gov/pubmed/25776492
https://dx.doi.org/10.1016/j.biopha.2015.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18830630
https://dx.doi.org/10.1007/s00436-008-1205-z
http://www.ncbi.nlm.nih.gov/pubmed/30642401
https://dx.doi.org/10.1186/s13567-019-0621-7
http://www.ncbi.nlm.nih.gov/pubmed/37936208
https://dx.doi.org/10.1186/s13071-023-05999-4
http://www.ncbi.nlm.nih.gov/pubmed/30849083
https://dx.doi.org/10.1371/journal.pntd.0006959
http://www.ncbi.nlm.nih.gov/pubmed/23500153
https://dx.doi.org/10.1016/j.jhep.2013.02.026
http://www.ncbi.nlm.nih.gov/pubmed/5119811
https://dx.doi.org/10.1139/z71-196
http://www.ncbi.nlm.nih.gov/pubmed/25088684
https://dx.doi.org/10.1016/j.actatropica.2014.07.013

Jing QD et al. Current status of AE therapy

Hiibner C, Wiehr S, Kocherscheidt L, Wehrl H, Pichler BJ, Schmid A, Kern P, Soboslay PT. Effects of in vitro exposure of Echinococcus
multilocularis metacestodes to cytostatic drugs on in vivo growth and proliferation of the parasite. Parasitol Res 2010; 107: 459-463 [PMID:
20461408 DOTI: 10.1007/s00436-010-1892-0]

36 Hemer S, Brehm K. In vitro efficacy of the anticancer drug imatinib on Echinococcus multilocularis larvae. Int J Antimicrob Agents 2012; 40:
458-462 [PMID: 22947125 DOI: 10.1016/j.jjantimicag.2012.07.007]

37 Bross PF, Kane R, Farrell AT, Abraham S, Benson K, Brower ME, Bradley S, Gobburu JV, Goheer A, Lee SL, Leighton J, Liang CY,
Lostritto RT, McGuinn WD, Morse DE, Rahman A, Rosario LA, Verbois SL, Williams G, Wang YC, Pazdur R. Approval summary for
bortezomib for injection in the treatment of multiple myeloma. Clin Cancer Res 2004; 10: 3954-3964 [PMID: 15217925 DOI:
10.1158/1078-0432.CCR-03-0781]

38 Kane RC, Dagher R, Farrell A, Ko CW, Sridhara R, Justice R, Pazdur R. Bortezomib for the treatment of mantle cell lymphoma. Clin Cancer
Res 2007; 13: 5291-5294 [PMID: 17875757 DOI: 10.1158/1078-0432.CCR-07-0871]

39 Stadelmann B, Aeschbacher D, Huber C, Spiliotis M, Miiller J, Hemphill A. Profound activity of the anti-cancer drug bortezomib against
Echinococcus multilocularis metacestodes identifies the proteasome as a novel drug target for cestodes. PLoS Negl Trop Dis 2014; 8: e3352
[PMID: 25474446 DOI: 10.1371/journal.pntd.0003352]

40 Peta KT, Durandt C, van Heerden MB, Joubert AM, Pepper MS, Ambele MA. Effect of 2-methoxyestradiol treatment on early- and late-stage
breast cancer progression in a mouse model. Cell Biochem Funct 2023; 41: 898-911 [PMID: 37649158 DOI: 10.1002/cbf.3842]

41 Spicher M, Naguleswaran A, Ortega-Mora LM, Miiller J, Gottstein B, Hemphill A. In vitro and in vivo effects of 2-methoxyestradiol, either
alone or combined with albendazole, against Echinococcus metacestodes. Exp Parasitol 2008; 119: 475-482 [PMID: 18442817 DOI:
10.1016/j.exppara.2008.02.012]

42 Zhang Q, Zhang Y, Zhang P, Chao Z, Xia F, Jiang C, Zhang X, Jiang Z, Liu H. Hexokinase II inhibitor, 3-BrPA induced autophagy by
stimulating ROS formation in human breast cancer cells. Genes Cancer 2014; 5: 100-112 [PMID: 25053988 DOI: 10.18632/genesandcancer.9]

43 Xin Q, Yuan M, Li H, Song X, Lu J, Jing T. In vitro and in vivo effects of 3-bromopyruvate against Echinococcus metacestodes. Vet Res 2019;
50: 96 [PMID: 31744550 DOI: 10.1186/s13567-019-0710-7]

44 Shete V, Mahajan NM, Shivhare R, Akkewar A, Gupta A, Gurav S. Genistein: A promising phytoconstituent with reference to its bioactivities.
Phytother Res 2024; 38: 3935-3953 [PMID: 38831683 DOI: 10.1002/ptr.8256]

45 Naguleswaran A, Spicher M, Vonlaufen N, Ortega-Mora LM, Torgerson P, Gottstein B, Hemphill A. In vitro metacestodicidal activities of

genistein and other isoflavones against Echinococcus multilocularis and Echinococcus granulosus. Antimicrob Agents Chemother 2006; 50:

3770-3778 [PMID: 16954323 DOI: 10.1128/AAC.00578-06]

(98]
W

46 Xin Q, Yuan M, Li H, Song X, Lu J, Jing T. In vitro effects of lonidamine and 6-aminonicotinamide against Echinococcus granulosussensu
stricto and Echinococcus multilocularis. Vet Res 2020; 51: 29 [PMID: 32101153 DOI: 10.1186/s13567-020-00744-6]
47 Liance M, Nemati F, Bories C, Couvreur P. Experience with doxorubicin-bound polyisohexylcyanoacrylate nanoparticles on murine alveolar

echinococcosis of the liver. Int J Parasitol 1993; 23: 427-429 [PMID: 8359996 DOI: 10.1016/0020-7519(93)90023-r]

48 Nicolao MC, Elissondo MC, Denegri GM, Goya AB, Cumino AC. In vitro and in vivo effects of tamoxifen against larval stage Echinococcus
granulosus. Antimicrob Agents Chemother 2014; 58: 5146-5154 [PMID: 24936598 DOI: 10.1128/AAC.02113-13]

49 Pensel PE, Elissondo N, Gambino G, Gamboa GU, Benoit JP, Elissondo MC. Experimental cystic echinococcosis therapy: In vitro and in vivo
combined 5-fluorouracil/albendazole treatment. Vet Parasitol 2017; 245: 62-70 [PMID: 28969840 DOI: 10.1016/j.vetpar.2017.08.011]

50 Joekel DE, Lundstrom-Stadelmann B, Miillhaupt B, Hemphill A, Deplazes P. Evaluation of kinase-inhibitors nilotinib and everolimus against
alveolar echinococcosis in vitro and in a mouse model. Exp Parasitol 2018; 188: 65-72 [PMID: 29625098 DOI:
10.1016/j.exppara.2018.04.002]

51 De Lichtenberg TH, Hermann GG, Rerth M, Hejer Larsen MJ, Mansourvar Z, Holm ML, Scheike T. Overall survival after immunotherapy,
tyrosine kinase inhibitors and surgery in treatment of metastatic renal cell cancer: outcome of 143 consecutive patients from a single centre.
Scand J Urol 2014; 48: 379-386 [PMID: 24521185 DOI: 10.3109/21681805.2013.876550]

52 Wang J, Gottstein B. Immunoregulation in larval Echinococcus multilocularis infection. Parasite Immunol 2016; 38: 182-192 [PMID:
26536823 DOI: 10.1111/pim.12292]

53 Terrazas LI, Montero D, Terrazas CA, Reyes JL, Rodriguez-Sosa M. Role of the programmed Death-1 pathway in the suppressive activity of
alternatively activated macrophages in experimental cysticercosis. Int J Parasitol 2005; 35: 1349-1358 [PMID: 16126211 DOI:
10.1016/j.ijpara.2005.06.003]

54 Wang J, Jebbawi F, Bellanger AP, Beldi G, Millon L, Gottstein B. Immunotherapy of alveolar echinococcosis via PD-1/PD-L1 immune
checkpoint blockade in mice. Parasite Immunol 2018; 40: €12596 [PMID: 30315719 DOI: 10.1111/pim.12596]

55 Jebbawi F, Bellanger AP, Lunstrom-Stadelmann B, Rufener R, Dosch M, Goepfert C, Gottstein B, Millon L, Grandgirard D, Leib SL, Beldi
G, Wang J. Innate and adaptive immune responses following PD-L1 blockade in treating chronic murine alveolar echinococcosis. Parasite
Immunol 2021; 43: 12834 [PMID: 33754355 DOI: 10.1111/pim.12834]

56 Zhang C, Wang H, LiJ, Hou X, Li L, Wang W, Shi Y, Li D, Li L, Zhao Z, Li L, Aji T, Lin R, Shao Y, Vuitton DA, Tian Z, Sun H, Wen H.
Involvement of TIGIT in Natural Killer Cell Exhaustion and Immune Escape in Patients and Mouse Model With Liver Echinococcus
multilocularis Infection. Hepatology 2021; 74: 3376-3393 [PMID: 34192365 DOI: 10.1002/hep.32035]

57 Liance M, Ricard-Blum S, Emery I, Houin R, Vuitton DA. Echinococcus multilocularis infection in mice: in vivo treatment with a low dose of
IFN-gamma decreases metacestode growth and liver fibrogenesis. Parasite 1998; 5: 231-237 [PMID: 9772722 DOI:
10.1051/parasite/1998053231]

58 Emery I, Leclerc C, Sengphommachanh K, Vuitton DA, Liance M. In vivo treatment with recombinant IL-12 protects C57BL/6J mice against
secondary alveolar echinococcosis. Parasite Immunol 1998; 20: 81-91 [PMID: 9572051 DOI: 10.1046/j.1365-3024.1998.00131.x]

59 Godot V, Harraga S, Podoprigora G, Liance M, Bardonnet K, Vuitton DA. IFN alpha-2a protects mice against a helminth infection of the liver
and modulates immune responses. Gastroenterology 2003; 124: 1441-1450 [PMID: 12730883 DOI: 10.1016/s0016-5085(03)00273-7]

60 Liance M, Bresson-Hadni S, Vuitton DA, Lenys D, Carbillet JP, Houin R. Effects of cyclosporin A on the course of murine alveolar
echinococcosis and on specific cellular and humoral immune responses against Echinococcus multilocularis. /nt J Parasitol 1992; 22: 23-28
[PMID: 1563918 DOI: 10.1016/0020-7519(92)90075-v]

61 Jelicic K, Papic N, Viskovic K, Vince A. Case Report: Amphotericin B and Mefloquine as a Salvage Treatment of Alveolar Echinococcosis.
Am J Trop Med Hyg 2023; 108: 581-583 [PMID: 36716742 DOI: 10.4269/ajtmh.22-0465]
62 Reuter S, Buck A, Grebe O, Niissle-Kiigele K, Kern P, Manfras BJ. Salvage treatment with amphotericin B in progressive human alveolar

echinococcosis. Antimicrob Agents Chemother 2003; 47: 3586-3591 [PMID: 14576122 DOI: 10.1128/AAC.47.11.3586-3591.2003]

Bienideng>  VVIH | https://www.wjgnet.com 1252 November 27,2024 | Volume16 | Issuell |


http://www.ncbi.nlm.nih.gov/pubmed/20461408
https://dx.doi.org/10.1007/s00436-010-1892-0
http://www.ncbi.nlm.nih.gov/pubmed/22947125
https://dx.doi.org/10.1016/j.ijantimicag.2012.07.007
http://www.ncbi.nlm.nih.gov/pubmed/15217925
https://dx.doi.org/10.1158/1078-0432.CCR-03-0781
http://www.ncbi.nlm.nih.gov/pubmed/17875757
https://dx.doi.org/10.1158/1078-0432.CCR-07-0871
http://www.ncbi.nlm.nih.gov/pubmed/25474446
https://dx.doi.org/10.1371/journal.pntd.0003352
http://www.ncbi.nlm.nih.gov/pubmed/37649158
https://dx.doi.org/10.1002/cbf.3842
http://www.ncbi.nlm.nih.gov/pubmed/18442817
https://dx.doi.org/10.1016/j.exppara.2008.02.012
http://www.ncbi.nlm.nih.gov/pubmed/25053988
https://dx.doi.org/10.18632/genesandcancer.9
http://www.ncbi.nlm.nih.gov/pubmed/31744550
https://dx.doi.org/10.1186/s13567-019-0710-7
http://www.ncbi.nlm.nih.gov/pubmed/38831683
https://dx.doi.org/10.1002/ptr.8256
http://www.ncbi.nlm.nih.gov/pubmed/16954323
https://dx.doi.org/10.1128/AAC.00578-06
http://www.ncbi.nlm.nih.gov/pubmed/32101153
https://dx.doi.org/10.1186/s13567-020-00744-6
http://www.ncbi.nlm.nih.gov/pubmed/8359996
https://dx.doi.org/10.1016/0020-7519(93)90023-r
http://www.ncbi.nlm.nih.gov/pubmed/24936598
https://dx.doi.org/10.1128/AAC.02113-13
http://www.ncbi.nlm.nih.gov/pubmed/28969840
https://dx.doi.org/10.1016/j.vetpar.2017.08.011
http://www.ncbi.nlm.nih.gov/pubmed/29625098
https://dx.doi.org/10.1016/j.exppara.2018.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24521185
https://dx.doi.org/10.3109/21681805.2013.876550
http://www.ncbi.nlm.nih.gov/pubmed/26536823
https://dx.doi.org/10.1111/pim.12292
http://www.ncbi.nlm.nih.gov/pubmed/16126211
https://dx.doi.org/10.1016/j.ijpara.2005.06.003
http://www.ncbi.nlm.nih.gov/pubmed/30315719
https://dx.doi.org/10.1111/pim.12596
http://www.ncbi.nlm.nih.gov/pubmed/33754355
https://dx.doi.org/10.1111/pim.12834
http://www.ncbi.nlm.nih.gov/pubmed/34192365
https://dx.doi.org/10.1002/hep.32035
http://www.ncbi.nlm.nih.gov/pubmed/9772722
https://dx.doi.org/10.1051/parasite/1998053231
http://www.ncbi.nlm.nih.gov/pubmed/9572051
https://dx.doi.org/10.1046/j.1365-3024.1998.00131.x
http://www.ncbi.nlm.nih.gov/pubmed/12730883
https://dx.doi.org/10.1016/s0016-5085(03)00273-7
http://www.ncbi.nlm.nih.gov/pubmed/1563918
https://dx.doi.org/10.1016/0020-7519(92)90075-v
http://www.ncbi.nlm.nih.gov/pubmed/36716742
https://dx.doi.org/10.4269/ajtmh.22-0465
http://www.ncbi.nlm.nih.gov/pubmed/14576122
https://dx.doi.org/10.1128/AAC.47.11.3586-3591.2003

63

64

65

66

67

68

69

70

71

73

74

78

79

80

81

82

87

88

89

90

91

Jing QD et al. Current status of AE therapy

Reuter S, Merkle M, Brehm K, Kern P, Manfras B. Effect of amphotericin B on larval growth of Echinococcus multilocularis. Antimicrob
Agents Chemother 2003; 47: 620-625 [PMID: 12543669 DOI: 10.1128/AAC.47.2.620-625.2003]

Gao H, Huo L, Mo X, Jiang B, Luo Y, Xu B, Li J, Ma X, Jing T, Feng Z, Zhang T, Hu W. Suppressive effect of pseudolaric acid B on
Echinococcus multilocularis involving regulation of TGF-B1 signaling in vitro and in vivo. Front Microbiol 2022; 13: 1008274 [PMID:
36439797 DOI: 10.3389/fmicb.2022.1008274]

Reuter S, Manfras B, Merkle M, Hérter G, Kern P. In vitro activities of itraconazole, methiazole, and nitazoxanide versus Echinococcus
multilocularis larvae. Antimicrob Agents Chemother 2006; 50: 2966-2970 [PMID: 16940089 DOI: 10.1128/AAC.00476-06]

Mathis A, Wild P, Boettger EC, Kapel CM, Deplazes P. Mitochondrial ribosome as the target for the macrolide antibiotic clarithromycin in the
helminth Echinococcus multilocularis. Antimicrob Agents Chemother 2005; 49: 3251-3255 [PMID: 16048933 DOI:
10.1128/AAC.49.8.3251-3255.2005]

Rufener R, Dick L, D'Ascoli L, Ritler D, Hizem A, Wells TNC, Hemphill A, Lundstrom-Stadelmann B. Repurposing of an old drug: In vitro
and in vivo efficacies of buparvaquone against Echinococcus multilocularis. Int J Parasitol Drugs Drug Resist 2018; 8: 440-450 [PMID:
30396011 DOI: 10.1016/j.ijpddr.2018.10.011]

Kiister T, Stadelmann B, Hermann C, Scholl S, Keiser J, Hemphill A. In vitro and in vivo efficacies of mefloquine-based treatment against
alveolar echinococcosis. Antimicrob Agents Chemother 2011; 55: 713-721 [PMID: 21135182 DOI: 10.1128/AAC.01392-10]
Lundstréom-Stadelmann B, Rufener R, Hemphill A. Drug repurposing applied: Activity of the anti-malarial mefloquine against Echinococcus
multilocularis. Int J Parasitol Drugs Drug Resist 2020; 13: 121-129 [PMID: 32636148 DOI: 10.1016/1.1jpddr.2020.06.002]

Memedovski R, Preza M, Miiller J, Kdmpfer T, Rufener R, de Souza MVN, da Silva ET, de Andrade GF, Braga S, Uldry AC, Buchs N, Heller
M, Lundstrom-Stadelmann B. Investigation of the mechanism of action of mefloquine and derivatives against the parasite Echinococcus
multilocularis. Int J Parasitol Drugs Drug Resist 2023; 21: 114-124 [PMID: 36921443 DOI: 10.1016/1.ijpddr.2023.03.002]

Rosenthal PJ, Asua V, Conrad MD. Emergence, transmission dynamics and mechanisms of artemisinin partial resistance in malaria parasites
in Africa. Nat Rev Microbiol 2024; 22: 373-384 [PMID: 38321292 DOI: 10.1038/541579-024-01008-2]

Spicher M, Roethlisberger C, Lany C, Stadelmann B, Keiser J, Ortega-Mora LM, Gottstein B, Hemphill A. In vitro and in vivo treatments of
echinococcus protoscoleces and metacestodes with artemisinin and artemisinin derivatives. Antimicrob Agents Chemother 2008; 52: 3447-3450
[PMID: 18625777 DOI: 10.1128/AAC.00553-08]

Liu C, Fan H, Ma J, Ma L, Ge RL. In vitro and in vivo efficacy of thiacloprid against Echinococcus multilocularis. Parasit Vectors 2021; 14:
450 [PMID: 34488852 DOI: 10.1186/s13071-021-04952-7]

Wang W, Li Q, Wei Y, Xue J, Sun X, Yu 'Y, Chen Z, Li S, Duan L. Novel carbazole aminoalcohols as inhibitors of B-hematin formation:
Antiplasmodial and antischistosomal activities. /nt J Parasitol Drugs Drug Resist 2017; 7: 191-199 [PMID: 28395189 DOI:
10.1016/j.ijpddr.2017.03.007]

Dang Z, Xu S, Zhang H, Gui W, Zhao Y, Duan L, Hu W. In vitro and in vivo efficacies of carbazole aminoalcohols in the treatment of alveolar
echinococcosis. Acta Trop 2018; 185: 138-143 [PMID: 29746870 DOI: 10.1016/j.actatropica.2018.05.007]

Richter D, Richter J, Griiner B, Kranz K, Franz J, Kern P. In vitro efficacy of triclabendazole and clorsulon against the larval stage of
Echinococcus multilocularis. Parasitol Res 2013; 112: 1655-1660 [PMID: 23455934 DOI: 10.1007/s00436-013-3321-7]

Gao HJ, Sun XD, Luo YP, Pang HS, Ma XM, Zhang T, Jing T, Hu W, Shen YJ, Cao JP. Anti-echinococcal effect of verapamil involving the
regulation of the calcium/calmodulin-dependent protein kinase II response in vitro and in a murine infection model. Parasit Vectors 2021; 14:
108 [PMID: 33588933 DOI: 10.1186/s13071-021-04618-4]

Kaethner M, Rennar G, Gallinger T, Kampfer T, Hemphill A, Mader P, Luque-Gomez A, Schlitzer M, Lundstrdm-Stadelmann B. In Vitro
Activities of Dithiocarbamate Derivatives against Echinococcus multilocularis Metacestode Vesicles. Trop Med Infect Dis 2023; 8 [PMID:
38133449 DOI: 10.3390/tropicalmed8120517]

Shirley DA, Sharma I, Warren CA, Moonah S. Drug Repurposing of the Alcohol Abuse Medication Disulfiram as an Anti-Parasitic Agent.
Front Cell Infect Microbiol 2021; 11: 633194 [PMID: 33777846 DOI: 10.3389/fcimb.2021.633194]

LiJ, Yang Y, Han X, LiJ, Tian M, Qi W, An H, Wu C, Zhang Y, Han S, Duan L, Wang W, Zhang W. Oral Delivery of Anti-Parasitic Agent-
Loaded PLGA Nanoparticles: Enhanced Liver Targeting and Improved Therapeutic Effect on Hepatic Alveolar Echinococcosis. Int J
Nanomedicine 2023; 18: 3069-3085 [PMID: 37312930 DOI: 10.2147/1JN.S397526]

Li Z, Zhang G, Luo Y, Gao Q, Wang J, Chen C, Xu X, Zhao Y, Li T, Ma X. In vivo effect of magnetic microspheres loaded with E2-a in the
treatment of alveolar echinococcosis. Sci Rep 2020; 10: 12589 [PMID: 32724060 DOI: 10.1038/s41598-020-69484-7]

Newman DJ, Cragg GM. Natural Products as Sources of New Drugs from 1981 to 2014. J Nat Prod 2016; 79: 629-661 [PMID: 26852623
DOI: 10.1021/acs.jnatprod.5b01055]

Patridge E, Gareiss P, Kinch MS, Hoyer D. An analysis of FDA-approved drugs: natural products and their derivatives. Drug Discov Today
2016; 21: 204-207 [PMID: 25617672 DOI: 10.1016/j.drudis.2015.01.009]

Lu Z, Wang Y, Liu C, Fan H. Efficacy and Safety of Asparagusic Acid against Echinococcus multilocularis In Vitro and in a Murine Infection
Model. Trop Med Infect Dis 2024; 9 [PMID: 38787043 DOI: 10.3390/tropicalmed9050110]

Liu C, Fan H, Guan L, Ge RL, Ma L. In vivo and in vitro efficacy of crocin against Echinococcus multilocularis. Parasit Vectors 2021; 14: 364
[PMID: 34256821 DOI: 10.1186/s13071-021-04866-4]

Borlinghaus J, Albrecht F, Gruhlke MC, Nwachukwu ID, Slusarenko AJ. Allicin: chemistry and biological properties. Molecules 2014; 19:
12591-12618 [PMID: 25153873 DOI: 10.3390/molecules190812591]

Mocayar Marén FJ, Camargo AB, Manucha W. Allicin pharmacology: Common molecular mechanisms against neuroinflammation and
cardiovascular diseases. Life Sci 2020; 249: 117513 [PMID: 32145307 DOI: 10.1016/5.1£s.2020.117513]

Anthony JP, Fyfe L, Smith H. Plant active components - a resource for antiparasitic agents? Trends Parasitol 2005; 21: 462-468 [PMID:
16099722 DOLI: 10.1016/j.pt.2005.08.004]

Liu C, Fan H, Guan L, Ma L, Ge RL. Evaluation of Allicin Against Alveolar Echinococcosis In Vitro and in a Mouse Model. Acta Parasitol
2022; 67: 79-93 [PMID: 34143400 DOI: 10.1007/s11686-021-00434-7]

Hizem A, Lundstrom-Stadelmann B, M'rad S, Souiai S, Ben Jannet H, Flamini G, Ascrizzi R, Ghedira K, Babba H, Hemphill A. Activity of
Thymus capitatus essential oil components against in vitro cultured Echinococcus multilocularis metacestodes and germinal layer cells.
Parasitology 2019; 146: 956-967 [PMID: 30975235 DOI: 10.1017/S0031182019000295]

Xin Q, Yuan M, Li H, Lu J, Song X, Jing T. In vitro efficacy of ampelopsin against Echinococcus granulosus and Echinococcus multilocularis.
J Vet Med Sci 2019; 81: 1853-1858 [PMID: 31748438 DOI: 10.1292/jvms.19-0347]

Bienideng>  VVIH | https://www.wjgnet.com 1253 November 27,2024 | Volume16 | Issuell |


http://www.ncbi.nlm.nih.gov/pubmed/12543669
https://dx.doi.org/10.1128/AAC.47.2.620-625.2003
http://www.ncbi.nlm.nih.gov/pubmed/36439797
https://dx.doi.org/10.3389/fmicb.2022.1008274
http://www.ncbi.nlm.nih.gov/pubmed/16940089
https://dx.doi.org/10.1128/AAC.00476-06
http://www.ncbi.nlm.nih.gov/pubmed/16048933
https://dx.doi.org/10.1128/AAC.49.8.3251-3255.2005
http://www.ncbi.nlm.nih.gov/pubmed/30396011
https://dx.doi.org/10.1016/j.ijpddr.2018.10.011
http://www.ncbi.nlm.nih.gov/pubmed/21135182
https://dx.doi.org/10.1128/AAC.01392-10
http://www.ncbi.nlm.nih.gov/pubmed/32636148
https://dx.doi.org/10.1016/j.ijpddr.2020.06.002
http://www.ncbi.nlm.nih.gov/pubmed/36921443
https://dx.doi.org/10.1016/j.ijpddr.2023.03.002
http://www.ncbi.nlm.nih.gov/pubmed/38321292
https://dx.doi.org/10.1038/s41579-024-01008-2
http://www.ncbi.nlm.nih.gov/pubmed/18625777
https://dx.doi.org/10.1128/AAC.00553-08
http://www.ncbi.nlm.nih.gov/pubmed/34488852
https://dx.doi.org/10.1186/s13071-021-04952-7
http://www.ncbi.nlm.nih.gov/pubmed/28395189
https://dx.doi.org/10.1016/j.ijpddr.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/29746870
https://dx.doi.org/10.1016/j.actatropica.2018.05.007
http://www.ncbi.nlm.nih.gov/pubmed/23455934
https://dx.doi.org/10.1007/s00436-013-3321-7
http://www.ncbi.nlm.nih.gov/pubmed/33588933
https://dx.doi.org/10.1186/s13071-021-04618-4
http://www.ncbi.nlm.nih.gov/pubmed/38133449
https://dx.doi.org/10.3390/tropicalmed8120517
http://www.ncbi.nlm.nih.gov/pubmed/33777846
https://dx.doi.org/10.3389/fcimb.2021.633194
http://www.ncbi.nlm.nih.gov/pubmed/37312930
https://dx.doi.org/10.2147/IJN.S397526
http://www.ncbi.nlm.nih.gov/pubmed/32724060
https://dx.doi.org/10.1038/s41598-020-69484-z
http://www.ncbi.nlm.nih.gov/pubmed/26852623
https://dx.doi.org/10.1021/acs.jnatprod.5b01055
http://www.ncbi.nlm.nih.gov/pubmed/25617672
https://dx.doi.org/10.1016/j.drudis.2015.01.009
http://www.ncbi.nlm.nih.gov/pubmed/38787043
https://dx.doi.org/10.3390/tropicalmed9050110
http://www.ncbi.nlm.nih.gov/pubmed/34256821
https://dx.doi.org/10.1186/s13071-021-04866-4
http://www.ncbi.nlm.nih.gov/pubmed/25153873
https://dx.doi.org/10.3390/molecules190812591
http://www.ncbi.nlm.nih.gov/pubmed/32145307
https://dx.doi.org/10.1016/j.lfs.2020.117513
http://www.ncbi.nlm.nih.gov/pubmed/16099722
https://dx.doi.org/10.1016/j.pt.2005.08.004
http://www.ncbi.nlm.nih.gov/pubmed/34143400
https://dx.doi.org/10.1007/s11686-021-00434-z
http://www.ncbi.nlm.nih.gov/pubmed/30975235
https://dx.doi.org/10.1017/S0031182019000295
http://www.ncbi.nlm.nih.gov/pubmed/31748438
https://dx.doi.org/10.1292/jvms.19-0347

Jing QD et al. Current status of AE therapy

92 Fabbri J, Clemente CM, Elissondo N, Gambino G, Ravetti S, Hergert LY, Palma SD, Elissondo MC. Anti-echinococcal activity of menthol
and a novel prodrug, menthol-pentanol, against Echinococcus multilocularis. Acta Trop 2020; 205: 105411 [PMID: 32101761 DOI:
10.1016/j.actatropica.2020.105411]

93 Yuan M, Luo Y, Xin Q, Gao H, Zhang G, Jing T. Efficacy of osthole for Echinococcus granulosus in vitro and Echinococcus multilocularis in
vivo. Vet Parasitol 2016; 226: 38-43 [PMID: 27514881 DOI: 10.1016/j.vetpar.2016.05.016]

94 Nassef NE, Shendi SS, Saad AE, Harba NM, Beshay EVN, Mohamed ASE, Gouda MA. An in vivo appraisal of Punica granatum peel extract's
ultrastructural effect on cystic echinococcosis in mice. J Helminthol 2024; 98: e40 [PMID: 38738533 DOI: 10.1017/50022149X24000300]

3%9@) WIH | https://www.wjgnet.com 1254 November 27,2024 | Volume16 | Issuell |


http://www.ncbi.nlm.nih.gov/pubmed/32101761
https://dx.doi.org/10.1016/j.actatropica.2020.105411
http://www.ncbi.nlm.nih.gov/pubmed/27514881
https://dx.doi.org/10.1016/j.vetpar.2016.05.016
http://www.ncbi.nlm.nih.gov/pubmed/38738533
https://dx.doi.org/10.1017/S0022149X24000300

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	BENZIMIDAZOLES
	COMBINATION THERAPY WITH ALBENDAZOLE
	ANTIANGIOGENIC DRUGS
	ANTITUMOUR DRUGS
	IMMUNOSUPPRESSANTS
	ANTI-INFECTIVE DRUGS
	ANTIMALARIAL DRUGS AND INSECTICIDES
	OTHER SYNTHETIC COMPOUNDS AND DRUG CARRIERS
	NATURAL COMPOUNDS
	CONCLUSION
	FOOTNOTES
	REFERENCES

