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A B S T R A C T

Benzimidazoles, including albendazole and mebendazole, are the major drugs for clinical chemotherapy of
echinococcosis. They mainly exert parasitostatic effects depending on high dosages for long-term. Previous
studies have identified carbazole aminoalcohols as novel anti-CE (cystic echinococcosis) agents. However, it is
still to be confirmed whether it is effective on alveolar echinococcosis (AE) or not. In the present study, efficacies
of novel carbazole aminoalcohols, propylamine, R-propylamine and S-propylamine were evaluated under in vitro
and in vivo conditions. Carbazole aminoalcohols were tested against Echinococcus multilocularis (E. multilocularis)
protoscoleces (PSC) in vitro. The effects of propylamine and R-propylamine exhibited a time-dependent manner
at different concentrations, while the effect of S-propylamine was very poor. At a concentration of 20 μM, the
mortality of PSC achieved to 100% on the 11th day after exposure to R-propylamine. The treatment of carbazole
aminoalcohols to infected mice resulted in statistically significant reductions in the cyst weights compared with
those obtained from negative control mice (p < 0.05), and no significant differences were found between al-
bendazole and carbazole aminoalcohols (p > 0.05). The cytotoxicity examination in rat hepatoma (RH) cells
indicated that propylamine and R/S-propylamine were lower that of albendazole at a low concentration (5 μM).
In addition, histopathological observation of organs (liver, spleen and kidney) for experimental mice showed
mild inflammatory changes in the liver and spleen. This study reveals the potential of carbazole aminoalcohols
as a class of novel anti-AE agents.

1. Introduction

Alveolar echinococcosis (AE), also known as alveolar hydatid dis-
ease, is a zoonosis caused by infection with the larva of E. multilocularis
in visceral organs of the human beings and ruminant animals. The
disease is endemic mainly in Northern Hemisphere including the
northwest of China, a region where the livestock industry is the main
economic activity (Mihmanli et al., 2016). Nomadic and semi-nomadic
lifestyles constitute the most important risk factor for hydatid disease in
this region (Hemphill et al., 2014). Normally, 70% of the hydatid dis-
ease cases report liver infection. However, other organs, such as the
lung, brain, kidney, heart, bone marrow cavity and orbit can be in-
fected. The main pathological effect of this disease is a series of com-
plications inflicted on the human body and hypotrophy of various or-
gans (Kuster et al., 2014; Liu et al., 2015). Clinical manifestation of E.
multilocularis is similar to that of liver cancer. The degree of malignancy

is high, and the pathogenicity is strong. Disability and fatality rates are
also higher. It has also been associated with permanent, adverse health
effects in humans (Pakala et al., 2016).

The current strategies for treating human AE are surgical resection
of the parasite mass complemented by chemotherapy with benzimida-
zoles, such as albendazole or mebendazole and, for inoperable cases,
chemotherapy alone is applied (Teggi et al., 1993; Hemphill et al.,
2014). Albendazole treatment has been proven to inhibit parasite pro-
liferation but is rarely curative, resulting in a long-term of treatment,
high costs and an elevated risk of adverse effects (Aasen et al., 2016).

If the disease is detected early, then immediate implementation of
surgical resection combined with albendazole treatment can lead to
effective cure. However, the diagnosis of this disease is often in the late
stage. At the late stage, it is very difficult to remove the lesion com-
pletely, even through surgical resection. Moreover, the disease easily
relapses when treatment is implemented in late stage. This situation
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deems it urgent to develop more effective drugs for prevention and
treatment in order to guarantee the safety of the lives of a large po-
pulation of farmers and herdsmen living in endemic areas. Effective
treatment programmes are likely to promote the healthy development
of animal husbandry economy.

Carbazole is aprominentcore structure found in numerous natural
and synthetic compounds with wide range of biological activities, in-
cluding antineoplastic and neuroprotective effects (Wang et al., 2016).
Carbazole aminoalcohols has also been demonstrated as having broad
spectrum anti-parasite effects on Plasmodium falciparum and Schisto-
soma japonicum (Wang et al., 2017b). Some of carbazole derivatives
exhibit antitumor activity by targeting DNA topoisomerases (Saulnier
et al., 2005; Nakamura et al., 2003). Sequence analyses showed that E.
granulosus topoisomerase I (Egtopo I) shares 55.8% identity with human
topo I, inferring that carbazole aminoalcohols in humans is also a drug
target for E. granulosus (Wang et al., 2017b). In previous study (Wang
et al., 2017a), a series of carbazole aminoalcohol derivatives were de-
signed and synthesized and a phenotypic in vivo screening against cystic
echinococcosis was performed for carbazole aminoalcohols. Notably,
among the test compounds, in vivo efficacy of compound 2 (propyla-
mine) (see Fig. 1) against CE showed a highly significant reduction in
parasite burden in comparison with mice treated with albendazole.
Thus, it is believed that carbazole aminoalcohols are lead compounds
against AE.

In the present study, we evaluated the in vitro parasiticidal efficacy
of synthetic carbazole aminoalcohols (propylamine and its chiral

Fig. 1. Structure of propylamine (A), R-propyliamine (B) and S-propylamine
(C).

Fig. 2. Parasiticidal activity of experimentally used compounds against PSCs.
E. multilocularis PSCs were cultured for 11 days in vitro in the presence of pro-
pylamine, R/S-propylamin and praziquantel as a positive control at (A) 5 μM,
(B) 10 μM, (C) 15 μM and (D) 20 μM.
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isomers S-propylamine and R-propylamine) against E. multilocularis
PSCs. In addition, in vivo chemotherapeutic effects of the compounds
were also assessed using experimentally infected mouse model.

2. Materials and methods

2.1. Materials and reagents

The synthesis of carbazole aminoalcohols is described in the sup-
plementary data available at JAC Online (Wang et al., 2017a). Unless
otherwise specified, all chemicals were purchased from Sigma-Aldrich.

2.2. Structure of compounds

A Propylamine
B R-propylamine
C S-propylamine

2.3. Parasites, animals and infection

Four-weeks-aged male mice (BALB/c strain) were purchased from
SLAC Laboratory Animal Center (Shanghai, China). A mouse success-
fully infected with E. multilocularis (Qinghai strain) was sacrificed and
homogenized metacestode materials were collected. The PSCs were
purified for determination of survival rate. The experimental mice were
inoculated with homogenized metacestode material containing 2000
PSCs intraperitoneally (i.p.) for a period of one month.

2.4. Ethics statement

Animal care and all animal procedures were carried out in com-
pliance with the Guidelines for the Care and Use of Laboratory Animals
produced and approved by the Ethics Committee of the National
Institute of Parasitic Diseases, Chinese Center for Disease Control and
Prevention (No.IPD-2016-21).

2.5. In vitro culture of E. multilocularis PSCs and drug screening

Aseptic manipulation was performed in a mouse (BALB/c strain)
alveolar echinococcosis model. The secondary alveolar hydatid tissue of
mice was cut and then washed with phosphate-buffered saline (PBS).
Afterwards, the tissue was precipitated naturally within 20 mins, and
then washed 3 times with PBS. The PSCs were then collected and ac-
tivity examined by trypan blue staining. In subsequent experiments, a
survival rate of more than 95% is required (Kuster et al., 2011; Spiliotis
and Brehm, 2009). Treatments were performed using 24-well tissue
culture plates containing 2000 PSCs (in 2mL of 1066 medium) per well.
The medium was supplemented with propylamine, R/S-propylamine at
final concentrations of 5, 10, 15, and 20 μM. Praziquantel were used as
positive control, whereas 10% DMSO and PBS were used as negative
controls. The mortality of PSCs was assessed using a trypan blue
staining and visualized on an inverted microscope at 40× magnifica-
tion (Kuster et al., 2013).

2.6. Experimental infection of mice and in vivo treatment

Forty 4-weeks-aged female BALB/c mice (20–25 g) were divided
into 5 groups (8 animals per group). 0.2 mL of homogenized metaces-
tode material suspension containing 2000 live PSCs was inoculated to
mice intraperitoneally (i.p.) (Ceballos et al., 2009; Kuster et al., 2011;
Nicolao et al., 2014; Spicher et al., 2008). At 4 weeks post-infection,
treatments were carried out as follows. All compounds were applied on
a daily basis at a dose of 200mg/kg of body weight. All compounds
were performed by suspending the drugs in a 1:1 mixture of honey and
0.5% carboxymethyl cellulose sodium salt (CMC) and feeding the ap-
propriate amount to the animals. The negative control group was ad-
ministered with PBS. Mice were administered with prepared solutions
everyday (Ceballos et al., 2011; Pensel et al., 2015). After 6 weeks post-
infection, the mice were euthanized. Necroscopy was performed and
the cysts were collected from the peritoneal cavity and liver, in order to
determine parasite weight.

2.7. Cytotoxicity assay

The cytotoxicity of all compounds to RH cell was investigated by
CCK-8 assay after 72 h incubation under different concentrations. Cells
were seeded in a 96-well microtiter plate (Greiner Bio-One) at a density
of 5000 cells/well. They were cultured at 37 °C, 5% CO2 in DMEM
without phenol red (supplemented with 1% L-glutamine, 10% FCS,
50 U/ml penicillin G, and 50 g/ml streptomycin) for 24 h. 10 μL of the
CCK-8 solution was added to each well and incubated for 1 h. The ab-
sorbance was then measured at 450 nm using a microplate reader
(Stadelmann et al., 2011).

2.8. Visceral histopathological observation of experimental animals

At 6 weeks post-treatment, the mice were euthanized. The liver,
spleen and kidney of mice were collected. Slices were prepared and
stained by Hematoxylin and Eosin (HE) for histopathological observa-
tion under microscope.

Fig. 3. In vivo evaluation of compounds for treatment of E. multilocularis-in-
fected mice.
After necropsy of in vivo treated mice, the average parasite weight in each group
(n=4, 6, 7, 5, 6 separately) was calculated and statistically analyzed.
** p < 0.01; * p < 0.05

Fig. 4. Cytotoxicity to RH cells was measured by CCK-8 assay at different
concentrations (5, 10, 15 and 20 μM) of used compounds.
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Fig. 5. Visceral histopathological observation.
Slices of the liver, spleen and kidney were prepared and stained by Hematoxylin and Eosin (HE, 200×) and observed under microscope.
For each organ, (A) Albendazole group; (B) Propylamine group; (C) R-propylamine group; (D) S-propylamine and (E) PBS group.
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3. Results

3.1. Carbazole aminoalcohols exhibit potent parasiticidal activity against E.
multilocularis PSC in vitro

After trypan blue stain of compounds-treated PSCs, the mortality
was calculated and the parasiticidal effects were evaluated. Overall,
propylamine, R-propylamine and praziquantel had significant effects on
E. multilocularis larval stage (PSC) in vitro in a time-dependent manner
at different concentrations (Fig. 2). Especially, on day 11 post-treat-
ment, PSC mortality reached> 30% when treated by praziquantel and
R-propylamine at 5 μM and 10 μM (Fig. 2A, B), which increased dra-
matically to about 60% and 70% respectively, at 15 μM (Fig. 2C); no-
tably, at 20 μM (Fig. 2D), R-propylamine exhibited the highest para-
siticidal activity (a mortality of 100% for PSCs). Meanwhile,
parasiticidal effects of S-propylamine was not over 30% at 5, 10 and
15 μM, but increased dramatically to 70% at 20 μM. The killing effect of
S-propylamine to PSC was poor, and even at a concentration of 20 μM,
the mortality of PSC was not more than 30%.

3.2. Significant activity of R-propylamine in treatment of infected mice

The in vivo efficacy of all compounds against E. multilocularis was
investigated in BALB/c mice secondly infected with PSCs. After ne-
cropsy of mice at 6 weeks post-infection, the average parasite weight in
each mouse was calculated (Fig. 3). The results showed that, compared
with PBS group, the treatment by albendazole, propylamine and R-
propylamine resulted in a significant cysts weight reduction
(p < 0.01), while S-propylamine showed less cysts weight reduction
(p < 0.05). There had no significant statistical difference between al-
bendazole, propylamine, R-propylamine and S-propylamin (p > 0.05).

3.3. Cytotoxicity of different compounds to RH cells

CCK-8 assay demonstrated that, at the relative high concentrations
(10–20 μM), the toxicity of propylamine and R/S-propylamine was
higher than albendazole (Fig. 4), while at the low concentration (5 μM),
their toxicity was lower than that of albendazole. Praziquantel was
observed to have the lowest toxicity regardless of concentration.

3.4. The histopathological observation of experimental mice

For liver from all groups, liver blood sinuses were slightly broa-
dened. Scattered infiltration of hepatic sinusoids was found in all
groups except albendazole group. The liver is oedematous and chroni-
cally inflamed in albendazole group (Fig. 5A).

For spleen from the albendazole and propylamine groups, the red
pulp had expanded a little and the megakaryocyte were scattered. Other
groups showed no abnormality (Fig. 5B).

For kidney from all groups, the observation showed no abnormality
(Fig. 5C).

4. Discussion

Benzimidazoles are widely applied in the medical field, such as anti-
cancer, antibacterial, antiviral and anti-parasitic diseases (Farahat
et al., 2018). To date, mebendazole and albendazole are the main
choice for echinococcosis treatment (Filippou et al., 2007; Teggi et al.,
1993). However, due to their poor intestinal absorption and para-
siticidal effects (Liu and Zhang, 2009), it is urgently needed to develop
new drugs to improve its therapeutic efficacy.

From our results, it is clearly seen that propylamine and R-propy-
lamine had significant effects on E. multilocularis larval stage (PSC) in
vitro in a time-dependent manner at different concentrations, similar to
the effects to E. granulosus reported by (Wang et al., 2017a), while the
effect of S-propylamine was very poor (Fig. 2). At a concentration of

20 μM, R-propylamine was significantly effective on PSCs, from the 5th
day post-treatment than others including praziquantel (the positive
control). In vivo study also indicated that, similar to albendazole, R-
propylamin produced a very significant cyst reduction in infected mice
compared with PBS control (p < 0.01) (Fig. 3). In both in vitro and In
vivo experiments, S-propylamine was less effective against E. multi-
locularis, which is quite different with the results from previous studies
on E. granulosus (Wang et al., 2017a). Whether there is a species-specific
effect on Echinococcus associated with the variation of drug targets, the
further work is needed to identify the exact drug targets for propyla-
mine in order to reveal their mechanisms on E. multilocularis and E.
granulosus.

Although in vitro study showed strong activity of propylamin and R-
propylamin on PSC (Fig. 2), the cytotoxicity assay showed a relatively
higher toxicity to RH cells as well (Fig. 4), which is also a problem often
encountered in the development of new drugs (Lv, 2006). After the
autopsy of infected mice, damages to main organs such as liver, kidney
and spleen were investigated by histopathological observation (Fig. 5).
Although there were no significant damages observed in the organs of
treated mice, mild inflammatory reaction was confirmed in liver and
kidney except spleen. Inflammatory reaction might be related to hy-
datid infection of mice (Beigh et al., 2017; Zheng et al., 2013). Organ
damages by medicine usually happen after a long-term high-dose use
(Atici et al., 2005). Therefore, long-term low-dose use is also considered
as a therapeutic strategy in order to reduce toxic and side effects. In-
terestingly, we noticed that compared with albendazole, the toxicity of
R-propylamine was lower at a low concentration (5 μM) (Fig. 4), while
the mortality of PSCs by R-propylamine at the low concentration is
close to 40% (Fig. 2A), implying long-term low-dose use of R-propy-
lamine is a potent strategy for the treatment of Echinococcus with re-
duced toxicity. Such speculation will be verified by our future experi-
ments, which arms to explore the potential of propylamine in
echinococcosis therapy.
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