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TEGUMENTARY CHANGES IN TWO DIFFERENT
STRAINS OF Schistosoma mansoni TREATED WITH
ARTEMISININ AND ARTESUNIC ACID
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ABSTRACT

Different strains of Schistosoma mansoni can respond differently to conventional and experimental
treatments. Therefore, the responses to potential schistosomicidal drugs must be checked with
different parasite strains. This work aimed to analyze changes caused by different concentrations
of artemisinin or artesunic acid administered on different days in the teguments of adult S. mansoni
belonging to two Brazilian strains (BH and SJ), using scanning electron microscopy (SEM).
Infected mice were treated with 300 or 500 mg/kg of artemisinin and artesunic acid, 30 or 45 days
post infection. Fifteen days after treatment, worms were examined by SEM. Altered teguments
were observed in males and females on both days of treatment with both compounds, but the injury
with artesunic acid was more intense. The treatment utilizing 500 mg/kg of artesunic acid against
the BH strain 30 days after the infection proved to be particularly effective, resulting in erosion,
peeling, sensory structure damage, and vesicle formation on the tegument of males and females. It
is concluded that artemisinin and artesunic acid showed qualitatively similar tegumentary changes
in both genders of the BH and SJ parasite strains. However, changes induced by artesunic acid
were more severe for the BH strain, which demonstrates greater susceptibility of this strain to this
experimental treatment.
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RESUMO

Alteracdes tegumentares em duas diferentes linhagens de Schistosoma mansoni submetidas a
tratamento com artemisinina e acido artestinico

Diferentes linhagens de Schistosoma mansoni podem responder de formas distintas a tratamentos
experimentais. Portanto, ensaios com potenciais farmacos esquistossomicidas necessitam ser
realizados com varias linhagens. Este trabalho visou analisar as alteragdes causadas por diferentes
concentragdes de artemisinina e acido artesunico, administradas em diferentes dias, sobre o
tegumento de adultos de S. mansoni de duas linhagens brasileiras (BH e SJ), utilizando-se
microscopia eletronica de varredura (MEV). Os camundongos infectados foram tratados com 300
e 500 mg/kg de artemisinina ou acido artestinico, 30 ou 45 dias apos a infecgdo. Apos 15 dias do
tratamento, os vermes foram analisados pela MEV. A destruigao do tegumento foi observada em
machos e fémeas nos dois dias de tratamento com ambos os compostos, mas observou-se que o
acido artestinico provocou uma destrui¢do mais intensa. O tratamento realizado com 500 mg/g
de acido artestinico contra parasitos da linhagem BH, 30 dias ap6s a infec¢do, mostrou ser o mais
efetivo, resultando em erosdo, descamagao, destrui¢do das estruturas sensoriais e formagao de
vesiculas nos machos e nas fémeas. Ficou evidenciado que as linhagens BH e SJ apresentaram
alteragOes tegumentares diferentes quanto a intensidade, com ambos os compostos. No entanto, a
destruigdo do tegumento foi mais intensa na linhagem BH, especialmente com o 4cido artestnico, o
que demonstrou maior suscetibilidade desta linhagem a esse tratamento experimental.

DESCRITORES: Schistosoma mansoni; linhagens BH e SJ; artemisinina; acido artesunico;
microscopia eletronica de varredura.

INTRODUCTION

The surface of Schistosoma mansoni consists of two opposite lipid
bilayers that are very close to one another and have the form of a cell membrane. As
the tegument has no lateral membranes, its cytoplasm extends as a continuous unity,
or syncytium, around the body of the worm, forming a syncytial complex that is
responsible for nutrient absorption (glucose, amino acids, among others), metabolite
excretion (lactic acid and others) and protection against attacks by the immune
system of the host. Accordingly, the tegument of S. mansoni is a crucial target of
drugs with attested schistosomicidal activity and new drugs that are intended to
combat this worm (Hoockley & McLaren, 1973; Shuhua et al., 2000).

The first drug that was widely used for S. mansoni schistosomiasis
treatment was oxamniquine. This medicine, discovered at the end of the 1960s,
was described by Richards and Foster (Cioli et al., 1993, 1995) for the treatment of
S. mansoni schistosomiasis. /n vivo tests showed the schistosomicidal potential of
oxamniquine against S. mansoni, especially in male worms (Foster & Cheetham,
1973). This drug can cause structural alterations in the tegument of the adult parasite
(Khon et al., 1982; Ferrari et al., 2003), including vacuolization, erosion of the
tegument surface and tubercle damage (Magalhaes-Filho et al., 1987). However,
some studies indicated disadvantages in the use of oxamniquine, such as side effects
on the central nervous system (Davis, 1993, Soyez et al., 1996) and the low activity
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in the period between the 3™ and the 9" week of infection, which coincided with the
stage of egg production (Frézard & Melo, 1997).

The use of praziquantel (PZQ) for treatment of schistosomiasis was
described in 1977 by Gonnert & Andrews. S. mansoni schistosomiasis treatment is
now based on the use of this drug, a low-cost, well-tolerated and broad-spectrum
antihelminthic that is highly effective against all Schistosoma species that cause
infection in humans (Cioli & Pica-Mattoccia, 2002). Preclinical assays have also
proven the efficiency of praziquantel in the treatment for 5-6 week infections, but
failures were reported in cases of 1-5 week infections (Gonnet & Andrews, 1977,
Webbe & James, 1977; Xiao et al., 1985; Sabah et al., 1986). This drug causes
extensive damage to the tegument of adult S. mansoni (Becker et al., 1980). The
morphological changes produced by this drug are followed by an increase in the
number of antigens on the surface of the worm. These antigens are identified and
connected to the host’s immune response, which is required to complement the
activity of the drug (Doenhoff et al., 1987; Brindley et al., 1989), causing the surface
of the parasite to disrupt, which results in its death (Brickes et al., 1983).

After the development of praziquantel, there was not a high rate of
progress in the development of therapies for S. mansoni schistosomiasis. The
extensive use of both praziquantel and oxamniquine has produced cases of tolerance
and resistance in some strains of S. mansoni (Parise-Filho & Silveira, 2001; Katz,
2008). The development of resistance in Schistosoma sp. has already been proven
in experiments showing that sub curative doses of PZQ on several generations
resulted in parasites that were less sensitive to the drug (Fallon & Doenhoff, 1994).
Therefore, developing new effective schistosomicidal drugs is extremely urgent.

Research on bioactive natural products extracted from plants has been
performed in the search for a new medicine that can replace the current drugs or
complement them (Matos, 1994; Doenhoff et al., 2009). In this regard, artemisinin
and artesunic acid, which are extracted from Artemisia annua (Qinghaosu)
and are currently used as antimalarial drugs, have been tested for the treatment
of schistosomiasis since 1980 (Utzinger et al., 2001). These compounds have
reportedly shown activity against S. mekongi, S. japonicum and different strains
of adults and schistosomula of S. mansoni, such as LE, Liberian and Puerto Rico.

Tegumentary changes such as erosion, loss of tubercles in males, vesicle
formation and collapse of the tegument in adult worms and schistosomula have
been observed in strains of S. mansoni treated with artemisinin and artesunic
acid (Aratjo et al., 1999; Shuhua et al., 2000; Utzinger et al., 2002; Lu et al.,
2004; Li et al., 2005; Lu et al., 2006). These data show the potential of both
compounds as chemotherapeutic drugs in the treatment of schistosomiasis
(Utzinger et al., 2000).

However, different strains of S. mansoni are known to respond differently
to the same treatment. Such behavioral differences among the parasite strains in the
vertebrate host are due to the worm’s genotypic expression (Yoshioka et al., 2002).
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Consequently, it is necessary to test the activity of potential schistosomicidal drugs
on different strains of the worm.

The present work aimed to analyze the activity of both artemisinin and
artesunic acid on the tegument of two Brazilian strains of S. mansoni, namely BH
and SJ, by scanning electron microscopy (SEM).

MATERIAL AND METHODS
Parasite, intermediate and definitive hosts

Cercariae of BH (Belo Horizonte, Minas Gerais, -19°55°15”/-43°56°16”,
Brazil) and SJ (S&o José dos Campos, Sdo Paulo, -23°10°46/-45°5313", Brazil)
strains of S. mansoni were obtained from the infection of two species of mollusc,
Biomphalaria glabrata and B. tenagophila, respectively, the former being sympatric
with the first strain and the latter, with the second strain. As suggested by Souza et
al. (1987), the molluscs were kept at the Department of Animal Biology — Institute
of Biology — Unicamp. Swiss female mice (Mus musculus), provided by the
Multidisciplinary Centre for Biological Investigation — Unicamp, were used as
definitive hosts.

Planorbidae molluscs were exposed to light at 28°C for two hours
(Pellegrino & Macedo, 1955) and individually infected with newly hatched
miracidia. B. glabrata specimens were infected with the BH strain, and B.
tenagophila specimens were infected with the SJ strain. Forty days after the
infection, the molluscs were individually exposed to light at the same temperature
to release the cercariae. The infection of the definitive hosts, which were thirty days
old, was performed individually by inserting their tails into the cercarial suspension
(Olivier & Stirewalt, 1952). The protocol for these infection experiments (997-1)
was approved by the Ethics Commission for Animal Experimentation (CEEA)
of the Institute of Biology of Unicamp, in accordance with the ethical principles
adopted by the Brazilian Association of Animal Experimentation (COBEA).

Drug, treatment and worm recovery

Artemisinin and artesunic acid were provided by the Chemical, Biological
and Agricultural Pluridisciplinary Research Centre (CPQBA) — Unicamp.

PBS buffer solution was used to dissolve the samples. Mice were divided
into two large groups, the first being treated 30 days after the infection (to observe
the effect of the treatment on young adult worms) and the second being treated
45 days after the infection. Infected mice were treated intragastrically with 300 or
500 mg/kg of artemisinin or artesunic acid for five consecutive days (De Clercq,
2000a; 2000b). The group of control animals received only PBS buffer, also by the
intragastric route. Fifteen days after the treatment, mice were sacrificed by cervical
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dislocation, and the worms were retrieved by perfusion of the hepatic portal system
(Yolles et al., 1947).

Scanning electron microscopy (SEM)

Worms were washed in NaCl solution (0.9%) and separated into three
groups: males, females and mated pairs. While still alive, they were fixed in
Kamovsky’s solution (2.5% glutaraldehyde and 4% paraformaldehyde) buffered
with sodium cacodylate at 0.1M, pH 7.4, for 10 hours. Then, they were washed in
the same solution, dehydrated in growing concentrations of ethanol, post-fixed in
osmium tetroxide at 1%, critical point-dried, mounted on aluminum stubs, coated
with gold using Sputter Coater and examined with a “Jeol JSM 5800 LV Scanning
Electron Microscope” (Silveira, 1998).

RESULTS
The characteristics of the tegument of the untreated control group

(Figure 1-a; b; c; d; e; f) were compared with those of groups treated, with each
schistosomicidal drug.

Figure 1. Normal tegument of adult male and female Schistosoma mansoni
worms (control group). A and B — normal tegument of a male worm. C,
D and E — suckers of a normal male worm. E and F — normal tegument
of a female worm. t — tubercles with spines, male worm; ep — excretory
pore; os — oral sucker; vs — ventral sucker; gc — gynaecophoric canal,
sp — sensory papillae.
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Males and females of the BH strain that were subjected to treatment with
artesunic acid 30 days after the infection showed large tegumentary changes with
both doses, 300 and 500 mg/kg (Figure 2- a, b). On the dorsal surface of females,
the tegument was largely altered, and extensive peeling and erosion were observed
in addition to the disappearance of some areas of the sensory structures (Figure
2-a). On the dorsal surface of males, particularly with the dose of 500 mg/kg, the
tegument was largely shed and eroded, as on the dorsal surface of females. It was
not possible to verify the presence of spines on the tubercles because these structures
were largely damaged (Figure 2-b). The appearance of some vesicles occurred in
both sexes (Figure 2- a, b), but changes were not detected on their suckers.

Figure 2. Activity of artesunic acid on the tegument of adult Schistosoma mansoni
worms belonging to the BH strain. A. Tegumentary changes in a female
worm subjected to treatment with 300 mg/kg of artesunic acid (the
treatment was carried out 30 days after the infection). B. Activity of
artesunic acid (500 mg/kg) on the tegument of a male worm, resulting
in tubercle damage (treatment carried out 30 days after the infection).
v —vesicle.

The treatment with artemisinin in the same doses, on the same day and
for the same strain of worms showed less evident and less extensive tegumentary
changes in both males and females (Figure 3- a, b). Females showed peeling of
the tegument in the treatment with the smaller dose 30 days after the infection
(Figure 3-a). With the dose of 500 mg/kg, it was possible to observe the presence of
leukocytes of the host adhered to the tegument of males (Figure 3-b). In the treatment
performed with artemisinin 45 days after the infection, male worms had their
tubercles and spines destroyed, and the damage was more intense on that day than
on the 30" day. Excretory pores of such males also became swollen (Figure 3-c).

Regarding the worms of the SJ strain that were subjected to the treatment
with artesunic acid, changes in suckers and tegument were observed in males 45
days after the infection with the dose of 300 mg/kg (Figure 5-a; b). Adhesion of
the leukocytes of the host could be observed in these structures, and the number of
leukocytes was proportional to the administered dose of artesunic acid (Figure 5-a).
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On the dorsal surface of males, spines and tubercles showed few changes, but some
of the tubercles were destroyed. In addition, swelling of the tubercles appeared on
the tegument (Figure 5-c).

Figure 3. Activity of artemisinin on the tegument of adult Schistosoma mansoni
worms belonging to the BH strain. A. Tegumentary changes in a female
worm subjected to treatment with 300 mg/kg of artemisinin 30 days
after the infection. p — peeling. B. Leukocytes of the host adhered to
the tegument of the male worm (500 mg/kg of artemisinin, 30 days
after the infection). le — adhered leukocytes. C. Change in tubercles of
male worms (300 mg/kg of artemisinin 45 days after the infection). p —
peeling; ep — excretory pore; d — tubercle damage.

The treatment with artemisinin for worms of the SJ strain showed changes
in the tegument only 45 days after the infection, with the dose of 300 mg/kg (Figure
4-a). In males, the tegumentary changes on the dorsal surface were more intense
with the dose of 500 mg/kg, administered in the same time period, and spine loss
was observed on some tubercles (Figure 4-b). There were leukocytes of the host
adhered to the tegument (Figure 4-a; b).

Figure 4. Activity of artemisinin on the tegument of adult Schistosoma mansoni
worms belonging to the SJ strain. A. Tegumentary changes, including
tubercle damage, in a male worm subjected to treatment with 300 mg/
kg of artemisinin 45 days after the infection. d — tubercle damage. B.
Tegumentary changes in a male worm, including loss of spines and
some tubercles (500 mg/kg of artemisinin 45 days after the infection).
le — leukocytes of the host; Is — tubercles showing loss of spines.
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Figure 5. Activity of artesunic acid on the tegument of adult Schistosoma mansoni
worms belonging to the SJ strain. A. Ventral sucker of a male worm
subjected to treatment with 500 mg/kg of artesunic acid 45 days after the
infection, with leukocytes adhered to the oral sucker. le — leukocytes of
the host. B. Host leukocytes adhered to the oral sucker of a male worm
(300 mg/kg of artesunic acid 45 days after the infection). C. Swollen
tubercle of a male worm (300 mg/kg of artesunic acid 45 days after the
infection). s — swollen tubercle.

DISCUSSION

The tegument of Schistosoma spp. is an important target of the activity of
schistosomicidal drugs. Changes in the tegument of the parasite have been described
after the use of drugs such as praziquantel, such as swelling of certain structures,
vacuolization, blisters and surface shedding (Shuhua et al., 2000).

Tegumentary changes produced by these drugs are a necessary mechanism
to cause the death of the worm. Injuries to the suckers, for instance, render the
worms unable to adhere to blood vessel walls, while damage inflicted upon the
tegument compromise its action and destroy the immune system of the worm,
making it vulnerable to the immune system of the host (Xiao et al., 2000). Changes
in worms caused by artemisinin observed in this work were in accordance with those
described by Shuhua et al. (2000) after treatment with a single dose of artemether of
400 mg/kg against the Liberian strain 42 days after the infection. In both treatments
with artesunic acid and artemisinin, tegumentary changes included loss of spines and
damage to tubercles in males and shedding of the tegument in females. A fterwards,
exposition of sensory structures, erosion of the tegument and vesicle formation can
occur, as well as adhesion of leukocytes from the host, which harm the surface of the
tegument and the suckers and are possibly the cause of worm death.

According to Shuhua et al. (2001, 2002) and Guo et al. (1997), the changes
inflicted upon the tegument of S. mansoni by artesunate are similar to those caused
by artemether. Shaohong et al. (2006) reported changes on tubercles and spines of
male worms treated with artesunic acid after 60 days of infection, whereas sensory
structures were not affected. The authors also reported the adhesion of leukocytes
of the host to the tegument of male and female worms. In this work, a severe injury
to the tegument of young male and female worms was observed when they were
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subjected to treatment with artesunic acid 30 days after the infection. The treatment
was particularly effective against the BH strain.

Studies performed with artemisinin and artesunic acid against S. mansoni
and S. japonicum have indicated that the younger worms are the most susceptible
to the drugs. In the present study, the damage caused by the treatments performed
after 30 days of infection (when the worms are still young) was more intense with
both compounds than after 45 days. The age-based susceptibility of the parasites can
be related to the chemical structures and the pharmacodynamic properties of these
drugs (Shuhua et al., 2000; Utzinger et al., 2000).

Concerning the effects of the two treatments on the BH and SJ parasite
strains in the present investigation, it was noticed that the treatment with artemisinin
was more harmful to the BH strain (higher degree of damage to spines and tubercles
and increased swelling of excretory pores in males, stronger shedding in females
and more adhesion of leukocytes in both sexes) than to the SJ strain. This difference
was most conspicuous in the treatment performed 30 days after infection. The use of
artesunic acid against the SJ strain resulted in some important but less severe lesions,
mainly at the latest time point of the experimental period (45 days).

According to Xu (1998), artesunic acid is less toxic than artemether, but, as
noted by Ultinger (2002), the former is less effective against S. mansoni. However,
Shaohong et al. (2006), using the Puerto Rico strain, have proven the superior effect
of artesunic acid. In the present work, it was noticed that the age of the worm and
its strain make it more or less susceptible to the treatment. SEM observations made
it possible to conclude that the damage of the tegument of male and female worms
was more intense with the use of artesunic acid against the BH strain 30 days after
the infection.

According to Magalhdes et al. (1975), the strains of Schistosoma spp.,
in particular BH and SJ, have different intermediate hosts, biological behaviors,
morphological characteristics and pathogenic activity, whereupon they can present
different responses to the activity of the same drug. Therefore, a strong need exists
for comparative studies of the strains so that their susceptibility to different drugs
can be analyzed.

Derivatives of artemisinin (arteether, artemisone, artelinic and artesunic
acids, among others) are used for malaria treatment, and their activity against
Schistosoma spp. was described for the first time in the 1980s in China. The
administration of this compound in animals that were experimentally infected with
S. japonicum was shown to reduce their worm burden (Chen et al., 1980).

Clinical assays performed with Senegalese children under 6 years old in
areas with overlapping distributions of malaria and urinary schistosomiasis (caused
by S. haematobium) showed that amodiaquine or sulfadoxine/pyremethamine
co-administered with artesunate contributed to the activity observed against
Schistosoma spp. infections; one can reasonably assume that artesunate was the
active drug (Boulanger et al., 2007). These data suggest that in some regions of
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the globe where areas for malaria and schistosomiasis are co-endemic, the use of
artemisinin derivatives, intending to treat malaria cases, can reduce the morbidity
rate of endemic schistosomiasis (Lescano et al., 2004; Lu et al., 2010).

In Brazil, areas where malaria and schistosomiasis are co-endemic are
a rarity. However, the present work is important because it aimed to compare the
activity of artemisinin and artesunic acids in two strains of S. mansoni that have
significant epidemiological relevance in this country. Recent preclinical assays
demonstrated the efficacy of artesunic acid for juveniles (7 and 21 day old) of the
S. mansoni Egyptian strain, while also protecting the host from the damage caused
by the parasite eggs and opening a discussion about the use of this compound in
the control of schistosomiasis in areas where malaria is not endemic (El-Beshbish
etal., 2013).

The activity of artemisinin derivatives for juvenile stages of Schistosoma
spp., a period in which treatment with PZQ fails, makes artemisinin derivatives
potential candidates for schistosomiasis prophylactic drugs (Yue et al. 1984; Lu
et al. 2010).

Regarding toxicity, clinical tests proved that artemisinin and its derivatives
are well tolerated when administered orally (Nontprasert et al., 2002).

According to Shaohong et al. (2006), the use of artesunic acid in the
treatment for S. mansoni schistosomiasis in humans is close to being implemented,
as the half-life of the drug is too short to allow the parasite to develop any sort
of tolerance or resistance. Nevertheless, it is first necessary to study the effect of
artesunic acid on the worm, i.e., to determine what mechanism causes the death of
the worm — which highlights the importance of SEM — and to study its activity on
different strains of S. mansoni (El-Beshbish et al., 2013).
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