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Background: In this study, we aim to investigate the efficiency of artesunate (AS) on
Echinococcus granulosus protoscoleces and metacestodes.

Methods: For the in vitro assay, the eosin dye exclusion test and transmission electron
microscope (TEM) were utilized to evaluate the effects of AS against protoscoleces (PSCs)
from Echinococcus granulosus. In addition, mortality, ultrastructure change, reactive oxygen
species (ROS) content and DNA damage were measured in order to explore the anti-
echinococcosis mechanism of AS. For the in vivo assay, CE-infected mice were divided
into model group, albendazole (ABZ) group (200 mg/kg), low AS (AS-L) group (50 mg/kg),
moderate AS (AS-M) group (100 mg/kg), and high AS (AS-H) group (200 mg/kg). Upon 6
weeks oral administration, wet weight of cysts and the ultrastructural changes of cystic wall
were utilized to evaluate the effects of AS on metacestodes. In addition, the liver biochemical
parameters, tumor necrosis factor-a (TNF-a), glutathione/glutathione oxidized (GSH/GSSG)
ratio in serum, and H,O,, total superoxide dismutase (T-SOD) in cyst fluid were detected.
Results: Both in vivo and in vitro experiments showed that AS showed anti-parasitic effects
on CE. The AS could elevate the ROS level in the PSCs, which then resulted in obvious
DNA damages. AS could significantly improve the liver biochemical parameters in infected
mice compared with the model group (P < 0.05). Compared with the model group, AS-M
and AS-H decrease the TNF-a content (P < 0.05); AS-H group significantly decrease in the
serum GSH/GSSG ratio (P < 0.05). The content of H,O, in hydatid fluid treated by AS
showed significant decrease compared with the model group (P < 0.01), while the T-SOD
level showed significant elevation compared with model group (P < 0.01).

Conclusion: In this study, we confirmed that the effects of AS on Echinococcus granulosus
protoscoleces and metacestodes may be related to the DNA damages induced by oxidative
stress, which provided solid information for the research and development of drugs for cystic
echinococcosis.

Keywords: cystic echinococcosis, artesunate, Echinococcus granulosus, reactive oxygen
species, DNA damage

Background

Cystic echinococcosis (CE) is a zoonosis induced by the larval stage of
Echinococcus granulosus sensu lato (E. granulosus), which is featured by long-
term growth of hydatid cysts in mammalian intermediate hosts and human beings.'
The individuals may be infected accidentally via ingestion of eggs from feces of
dogs infected with CE. The CE infected human mainly presents in the form of
chronic hepatic disease.” In endemic areas, the annual incidence of CE is in a range
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of <1 to 200 per 100,000 inhabitants.®> Currently, it is
estimated that the global burden is an average of 285,500
disability-adjusted life years for human CE.

According to the WHO-IWGE classification, four
treatment and management options are suggested for CE,
including surgery, percutaneous “PAIR” (percutaneous
puncture, aspiration, injection, and reaspiration) technique,
chemotherapy using benzimidazoles and “watch and wait”
strategy.* For the majority of cases, chemotherapy agents
are necessary to improve the life quality of patients with
a high possibility of recurrence, multiple-organ involve-
ment as well as the cases of the advanced stages.’

Currently, benzimidazoles (eg, mebendazole and alben-
first
chemotherapy.® Albendazole (ABZ) was more effective

dazole) are considered as the option for
than mebendazole because of its metabolite (ie, ABZ
sulfoxide) that diffused easily from cyst membrane,
which led to accumulation of ABZ in the cyst fluid.”
However, it really induces adverse effects such as nausea,
vomiting, abdominal pain, diarrhea, dizziness, headache
and gastro-intestinal disturbances. Also, it may cause
abnormalities in liver functions, leukopenia and hematuria.
Moreover, it may lead to hepatic injury after a long-term
administration, together with decline of white blood cells.®
Limited and low efficient chemotherapeutic options are
stumbling blocks to the treatment of CE. Hence, it is
urgent to develop novel and effective chemotherapeutic
agents.

Artemisinin (ART), an anti-malarial agent discovered
in the 1970s, shows high efficacy and low toxicity for
cancer patients.” The active moiety of ART is
a sesquiterpene lactone containing an endoperoxide bridge
that can lead to generation of reactive oxygen species
(ROS) responsible for mediating cytotoxic action of arte-
misinin derivatives in the parasites.'® According to the
recent data, ROS was distributed in mitochondrial com-
partment in the parasites, which then resulted in impaired
mitochondrial functions and DNA damages.'"'? The anti-
CE activity of ART derivatives involves direct DNA
damages and subsequent parasite death. As the semi-
synthetic derivative of ART, artesunate (AS) has been
reported to be involved in DNA damage and repair
processes.'> In E. granulosus, we identified the ribosomal
protein S9 from E. granulosus (EgRPS9) involved in DNA
repair pathways.” To date, many pharmacological actions
and cellular targets of AS have been identified,'*'° but the
anti-CE effects of AS are still ambiguous. In this study, we

aim to investigate the pharmacodynamic roles of AS
against CE and the potential mechanisms.

Materials and Methods

PSCs Studies in vitro

Isolation of Parasites

E. granulosus sensu lato protoscoleces (PSCs) were asep-
tically isolated from liver hydatid cysts obtained from
infected sheep scheduled for routine slaughter in an abat-
toir located in Urumgqi (Xinjiang Autonomous Region,
China), followed by pepsin-activation and in vitro culture
according to our previous description.” The pepsin solu-
tion at low pH was used for the incubation of larvae for 30
min at 37°C. Then pepsin (0.5 mg/mL) was added to
a 0.85% (w/v) sodium chloride solution to prepare the
pepsin solution (pH 2.0). Subsequently, RPMI1640 med-
ium (Gibco/BRL, Rockville, Maryland) was utilized for
the culture of PSCs, supplementing with 100 U/mL peni-
cillin, 10% fetal bovine serum (FBS; Gibco/BRL), and 100
lg/mL streptomycin (Gibco/BRL) at 37°C in a humidified
5% CO, incubator.

Evaluation of Pharmaceutical Efficiency of AS on
PSCs
After culturing for 24 hrs, the PSCs were collected and
washed with PBS thrice. PSCs with a viability of >95% by
eosin dye exclusion test were used for the subsequent
analysis.'” About 250 PSCs were seeded onto each well of
the 96-well plates by dividing into the following groups:
control group, plates supplemented with cultivation med-
ium; DMSO group, treated with dimethyl sulfoxide
(DMSO, 1%, v/v); H,O, group, treated with 50 uM H,0O,
(as a positive control for ROS); ABZ group (25 uM, as
positive drugs); and AS groups. According to the previous
description,lo the LCsy of AS for the PSCs was 130 pM,
while that for the low dose AS (AS-L), middle dose AS (AS-
M), and high dose AS (AS-H) was 1/2 LCsy (65 pM), 1
LCso (130 uM), and 2.5 LCsq (325 pM), respectively.
After treating for 4 days, PSCs were collected to eval-
uate the mortality via the eosin dye exclusion test, fol-
lowed by monitoring the ultramicroscopic change by
transmission electron microscopy (TEM, JEM-100CXII,

Alignment, Japan) as previously described.'®"?

Effect of AS on PSCs Mortality in vitro
PSCs were divided into the following groups: DMSO

group; H,O, group; ABZ group (25 uM); and AS-H
group (325uM); H,O, plus Mannitol group, treated with
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50 uM H»0, and 100 uM mannitol (scavenger of ROS);
AS-H plus mannitol group, treated with 325 uM AS and
100 uM mannitol. After treating for 4 days, PSCs were
collected to evaluate the mortality and observe the ultra-
microscopic changes.

Detection of ROS Content in PSCs of E. granulosus
Generation of ROS in PSCs was determined as previously
described.?® Briefly, the dihydrorhodamine 123 (DHR123,
D1054, Sigma-Aldrich) was added to the 96-well plates
covered with PSCs to a final concentration of 10 pM. Then
the mixture was incubated at 37°C for 30 min. Upon
removal of the supernatant, the mixture was washed
using PBS once, followed by incubating with agents at
37°C. The wavelength was set at 530 nm (Aex = 488 nm).
A multifunction reader (Thermo Fisher) was utilized for
the observation for 5.5 hrs every 30 min.

Detection of DNA Damage by Comet Assay
Optimized comet assay for E. granulosus was carried out
according to method for Plasmodium falciparum described
by Gopalakrishnan et al*' with some minor modifications.
The PSCs were treated for 24 hr, the culture medium was
abandoned and washed using PBS. Normal-melting point
agarose (NMA) was transferred onto the slide, and incu-
bated overnight at 65°C to solidify the agarose. Diluted
PSCs (100) were mixed with 100 pL low-melting point
agarose (LMA) added onto the slides which were then
immediately covered with coverslips. After agarose soli-
dification at 4°C for 5 min, the coverslips were removed
and the slides were immersed for 4 hrs at 4°C in freshly
lysis solution. The slides were equilibrated in alkaline
solution for 20 min. Electrophoresis was carried out for
20 min at 25 V and 300 mA. Afterwards, slides were
neutralized by washing with Tris-HCI buffer for 15 min,
and were stained with 60 pL propidium iodide (PI) solu-
tion in dark. Finally, the images were observed using
a fluorescent microscope (Olympus IX73) connected
through a CCD-IRIS Color Video Camera (Hitachi
Denshi, Japan), under a magnification of 200x. The
images for PSCs were acquired immediately after opening
the microscope shutter to the computer monitor, employ-
ing the CASP Program.

Animal Studies

Female Kunming mice (6 weeks old) provided by the
Animal Center, Xinjiang Medical University, were subject
to adaptive feeding for one week before experiments. All

protocols involving animals were approved by the Animal
Welfare and Committee of First Affiliated Hospital of
University (IACUC-20150225-70).
Mice were infected by intraperitoneal injection 25 small

Xinjiang Medical

vesicles with a diameter of 250-300 um cultured from
PSCs
described.?>?® Six months later, selection of infected

of E. granulosus in vitro as previously

mice was performed under ultrasonographic examinations.

Experimental Grouping and Administration

The infected mice were randomly divided into: (i) model
group (n=10): treated with Tween-80/0.4% CMC-Na; (ii)
ABZ positive control group (n=10): treated with ABZ
(200 mg/kg); and (iii) AS groups (n=30): treated with
50 mg/kg (1/20LDsg), 100 mg/kg (1/10LDsy) and
200 mg/kg (1/5LDsg) of AS. Uninfected mice treated
with an equal volume of 0.4% CMC-Na served as control
group (n=10). The solution was given by intragastric
administration lasting for 6 weeks (once per day).

Six weeks later, the blood samples were obtained by
cardiac puncture after anesthesia with pentobarbital
sodium via intraperitoneal administration.”* Serum sam-
ples were collected to measure the liver biochemical para-
meters to evaluation liver injury. Serum tumor necrosis
factor-o (TNF-a) and glutathione/glutathione oxidized
(GSH/GSSG) ratio was determined to evaluate the oxida-
tive stress status of the whole body.

The mice were sacrificed by cervical dislocation imme-
diately after blood collection, and the cysts were isolated
and subject to measurement of the wet weight of cysts.
The cyst fluid was transferred by a syringe for H,O, and
total superoxide dismutase (T-SOD) measurement to eval-
uate the oxidative stress status in the cysts. The cystic wall
was observed under the TEM to monitor the ultrastructural
changes.

TEM

For cystic wall ultrastructural changes after drug treat-
ments, cysts were processed for TEM analysis as
described previously.”> Micrographs were taken on
a JEM-100CX II TEM.

Liver Biochemical Parameters Measurement

Liver biochemical parameters mainly included the content of
total bilirubin (TBIL) and direct bilirubin (DBIL) levels, ala-
nine aminotransferase (ALT), and aspartate aminotransferase
(AST). TBIL and DBIL levels were evaluated using commer-
cial kits (Cat: CO019-1; Cat: CO019-2; Jiancheng Biotech,
Nanjing, China), according the manufacturer’s instructions.
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Both the detection wavelength was set at 450 nm. The ALT
and AST levels were measured using commercial kits (Cat:
C010-2; Cat: C009-2; Jiancheng Biotech, Nanjing, China).
The absorbance was measured under a wavelength of 510
nm. All the tests were performed at least in triplicate.

Determination of TNF-a

The mouse serum TNF-o level was determined by the
ELISA Kit (Cat: CSB-E04741m, Cusabio Biotech,
Wuhan China). The absorbance was measured using
a multi-detection microplate reader (Thermo Fisher
Scientific Inc.) at a wavelength of 450 nm.

Oxidative Stress Status Evaluation

Determination of GSH/GSSG Ratio

The mouse serum GSH/GSSG ratio was determined by
GSH/GSSG Ratio Detection Assay Kit (Cat: A061-1,
Jiancheng Biotech, Nanjing, China) according to the manu-
facturer’s instructions. The plate was incubated at room
temperature for 10-60 min in dark. The fluorescence was
monitored at Ex/Em of 490/520 nm with a microplate reader.

Determination of H,O, and T-SOD

The cyst fluid centrifugation at 3000 rpm/minute for 15
min. Supernatant was collected, followed by H,O, and
T-SOD content detection using the Hydrogen Peroxide
assay kit (A064; Nanjing Jiancheng Biotech, Nanjing,
China) and the T-SOD assay kit (A001-1, Nanjing
Jiancheng Biotech, Nanjing, China) according to the man-
ufacturer’s instructions. The absorbance was monitored at
a wavelength of 405 nm and 420 nm, respectively.

A

100,

80 b.d

b,d

Mortality (%)

o_
Control DMSO ABZ AS-L AS-M AS-H

Statistical Analysis

Data analysis was performed using SPSS 18.0, and mea-
surement data were presented as mean + standard error,
and numeration data were presented as percentages. All
data were obtained from the experiments performed at
least in triplicate. The comparison was analyzed with one-
way ANOVA and y* test, respectively. P < 0.05 was
considered to be statistically significant.

Results
Pharmacodynamic Features of AS on
PSCs in vitro

Eosin dye exclusion test was used to measure the mortality
rate of PSCs after treatment (Figure 1A). Compared with the
DMSO group, the protoscolicidal activity in AS group and
ABZ group were all satisfactory. The changes of protoscoli-
cidal activity in the AS group presented a dose-dependent
manner. Compared with the ABZ group, significant increase
was noticed in the mortality was observed in AS groups (P <
0.05). On day 4, TEM was performed to monitor the ultra-
structural changes of PSCs. In the control and DMSO groups,
the laminar layer (ll) were intact, together with the micro-
trichies (mt) (Figure 1B). There were no aberrant changes in
the parenchyma cells, and the structures were clear. In the
ABZ group, the mt was no longer available, the membrane
structure was turbid. The cell nucleus was no longer available
and lipid droplets were observed. In the low AS group (AS-L
group), few microvillus were observed, and the nucleolus
was disperse. In the AS-M group, there were some hetero-
chromatins that were hallmarks for the DNA damages. In the

Control

Figure | Effects of AS on mortality and ultrastructural changes of E. granulosus. (A) Mortality of PSCs on day 4 in each group using eosin dye exclusion test. (B)
Ultrastructural changes under transmission electron microscope in (12,000 x), DMSO group (10,000 x), ABZ group (8000 x), AS-L group (12,000 x), AS-M group (12,000
x), and AS-H group (10,000 x). ® P<0.01 versus DMSO group; ¢ P < 0.01 versus ABZ group.

Abbreviations: gl, germinal layer; c, parenchyma cell; mt, microtrichies; n, nucleolus; |, lipid droplet; heterochromatins highlighted by arrows.
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AS-H group, there were massive heterochromatins. This
indicated that AS could interrupt the karyotin in the PSCs.

Effects of AS on the DNA Oxidative

Damages in PSCs in vitro
The mortality in the DMSO group and ABZ group was 13.9 +
0.60% and 31.55 £ 0.95%, respectively (Figure 2A).
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Compared with the H,O, group, significant decrease was
observed in the H,O, + mannitol group (P < 0.01).
Compared with the AS-H group, the mortality in the AS-H
plus mannitol group showed significant decrease (P <0.01).
For the ultrastructure, mannitol could significantly attenuate
the injuries of mt, 1l and nucleolus by H,O, and AS
(Figure 2B).

855

+Man

*k

Figure 2 DNA oxidative damage effects of AS on E. granulosus. PSCs were treated 4 days and then collected to detect the mortality (A), and observe ultrastructural changes under
transmission electron microscope in DMSO group (10,000 %), H,O, group (20,000 x), AS-H group (10,000 x), ABZ group (8000 %), H,O, + mannitol group (20,000 x), and AS-H +
mannitol group (12,000 x) (B). ROS content in PSCs (C) tabbed by dihydrorhodamine 123, and DNA damage (D and E) established by Comet assay. **P < 0.01.
Abbreviations: gl, germinal layer; ¢, parenchyma cell; mt, microtrichies; n, nucleolus; |, lipid droplet; heterochromatins highlighted by arrows.
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In Figure 2C, we determined the content of ROS within
30 min after drugs treatment, which indicated that AS
could trigger the elevation of ROS in PSCs. Significant
decrease was observed in the ROS content in the AS
combined with mannitol group (P < 0.01). Comet assay
revealed that AS could induce obvious DNA damages in
PSCs (Figure 2D). After AS combined with the mannitol,
obvious decrease was observed in the DNA injury
damages (P < 0.01). These implied that mannitol could
inhibit the anti-parasitic effects of AS on PSCs, which
indicated that the anti-parasitic effects of AS may be
related to the ROS-associated DNA injuries (Figure 2E).

Pharmacodynamic Features of AS Against

CE in vivo

Cyst weight results are shown in Figure 3A. The cyst
weight of model group was 6.76 £ 2.51g, while that of
the ABZ group was 1.76 £ 0.97g. The cyst weights in the
AS-L, AS-M and AS-H groups were 4.3 £ 1.26g, 3.29 +
1.4g, and 2.99 + 2.19, respectively. Significant improve-
ments were obtained after treating with ABZ, AS-L, AS-M
and AS-H (P < 0.01). In addition, the ultrastructure of
cystic wall was observed under the TEM (Figure 3B). The
mt in the model group was intact. The nucleus was large
and round. The laminar layer structure was even. The mt
in the ABZ group was no longer available, but there were
some lipid droplets. The structure of the AS-H group was
not regular, and the mt was no longer available. Especially,
massive lipid droplets were observed. The injury of the

A
12,

Cyst weight (@)

cystic wall tissues in the AS-H group was more severe
than that of the ABZ group.

Effects of AS on the Liver Biochemical

Parameters

Liver biochemical parameters indicated that, compared
with the model group, the TBIL and AST levels showed
significant decrease in the AS groups (P < 0.05, Figure
4A). Compared with the model group, significant decrease
was noticed in the DBIL and ALT in the AS-M and AS-H
groups (P < 0.05). Compared with the ABZ group, sig-
nificant decline was observed in the TBIL in the AS-M
and AS-H groups (P < 0.01). These indicated that the liver
protective effects of AS against mice with CE were similar
with those of ABZ.

Effects of AS on the TNF-a Level

The serum TNF-a showed elevation in CE-infected mice
(Figure 4B). Compared with the model group, significant
decreases were noticed in the TNF-a in the ABZ, AS-M
and AS-H groups (P < 0.05). The TNF-o showed signifi-
cant decline in the AS-H group compared to that of the
ABZ group (P < 0.01).

Effects of AS on the Oxidative Damage
on CE in vivo

Serum GSH/GSSG assay revealed that the oxidative stress
showed a tendency of decrease in the infected mice treated
with AS (Figure 4C). Compared with the model group,

Figure 3 Experimental chemotherapy with E. granulosus-infected mice. (A) Cyst weight from mice at week 6. (B) Cyst wall observed under transmission electron
microscope in model Group (4000 x), ABZ group (5000 %), AS-L (5000 x), AS-M (5000 x), and AS-H (8000 x). P < 0.05 versus model group; °P < 0.01 versus model group;

P < 0.05 versus ABZ group; °P < 0.01 versus ABZ group.

Abbreviations: gl, germinal layer; c, parenchyma cell; mt, microtrichies; n, nucleolus; |, lipid droplet.
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Figure 4 Molecular indices in serum or cyst fluid detection. (A) Liver biochemical parameters. (B) Effects of AS on TNF-a content. (C) Effects of AS on GSH/GSSH ratio.
(D) Effects of AS on H,0, content. (E) Effects of AS on T-SOD content. *P < 0.05 versus model group; °P < 0.01 versus model group; P < 0.05 versus ABZ group; %P < 0.01
versus ABZ group.
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there were significant decreases in the serum GSH/GSSG
ratio in the AS-H group (P < 0.05).

AS could decrease the content of H,O,, compared with
the model group (P < 0.01). Compared with ABZ group,
AS could significantly decrease the content of H,O, (P <
0.01, Figure 4D). In the CE-infected mice, the T-SOD
content in the cystic fluid showed increase to some extent
(Figure 4E). Compared with the model group, T-SOD
showed significant increase in the ABZ group and AS
groups (P < 0.01). There were no statistical differences
in the T-SOD between the AS group and ABZ group.

Discussion

To our knowledge, we evaluated the effects of AS in vitro by
eosin staining, and in vivo by wet weight of cysts from mice.
We also investigated the ROS generation by DHR123
method, DNA damage by comet assay, respectively. In addi-
tion, mannitol was used as ROS scavenger'® to identify the
potential anti-echinococcosis role of ART. Our data showed
that AS showed anti-echinococcosis effects in vitro and
in vivo. Meanwhile, ROS level showed elevation after AS
treatment, which presented in a dose-dependent manner.
Similarly, comet assay showed that H,O, and AS could
induce DNA damages in PSCs. The DNA damage showed
attenuation in the combination of AS combined with ROS
scavenger, and the mortality showed significant decline.
These data implied that the anti-parasitic effects of AS on
PSCs may be related to the DNA damages induced by ROS
generation. This paves the way for the development of new
drugs targeting CE based on AS.

Comet assay, initially reported by Ostling et al in 1984,
was utilized in the determination of DNA strand
damages.”® However, it is not used in the evaluation of
DNA damages in E. granulosus. In this study, it was used
for the evaluation of PSCs for the first time after multiple
optimizations, including the gel procedures, time for the
lysis, staining dye selection, as well as the rinse frequency
and time. This paves the way for the comet assay for the
DNA damage evaluation in the PSCs.

Wet weight of cysts and ultrastructure evaluation under
TEM were used as the indices for evaluating the in vivo
potency. Our data showed that AS could inhibit the lesion
growth of the CE in mice. The efficiency of AS in vitro
was far more than ABZ, while the efficiency of low dose
AS was comparable to that of ABZ. This may be related to
the fact that ABZ may metabolize into the ABZ sulfoxide.
Spicher et al'” reported that AS showed obvious effects
against PSCs from E. granulosus. Whereas, it was not

effective for the E. multilocularis-infected mice. Unlike
the previous study, we utilized the E. granulosus-infected
mice, which indicated AS-H group inhibited the growth of
CE. It showed similar effects with ABZ, which was in line
with our previous study.?’

In this study, cystic fluid was preferred for the deter-
mination of indices associated with oxidative stress, in
order to investigate the potency of AS. Preliminary tests
showed that only T-SOD and H,O, were measurable, and
only the H,O, showed decrease in the fluid in the AS
groups compared with the ABZ group. Whereas, the
T-SOD activity in AS groups was significantly higher
than that of ABZ group, indicating that AS could promote
the anti-oxidant capacity of PSCs. On this basis, we specu-
lated that AS induced remission of CE may be related to
the oxidative stress improvement in the cysts.

Indeed, there are some limitations in this study. For
example, only T-SOD and H,0O, could be detected in the
cystic fluid. As there were no PSCs in the cyst in infected
mice, we can not confirm the definite presence of DNA
damages in vivo. As is known to all, long-term administra-
tion of ABZ for at least 6 months may lead to generation of
hepatic injury caused by adverse events. In this study, after
a 6-month administration of ABZ, there was severe hepatic
injury in the model group. Animals treated using AS could
significantly improve the liver function in the animals admi-
nistrated using ABZ. This may be related to the fact that both
ABZ and AS were effective for treating CE, which was
beneficial compared to the hepatic injury induced by these
agents. In our subsequent study, we will focus on the DNA
damages of PSCs in the mice infected with CE, together with
the determination of oxidative damage indices.

In summary, AS was superior to the ABZ in treating
PSCs infection in vitro. AS could significantly increase the
oxidative stress and DNA damages. On the contrary, The
anti-CE effect of AS was not superior to ABZ in vivo. In
addition, the combination of AS and mannitol could sig-
nificantly attenuate the DNA injuries, which implied that
the potency of AS may be related to the regulation of
DNA damages induced by oxidative stress in PSCs. This
study provides solid information for the research and
development of drugs for CE.
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