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ORIGINAL ARTICLE

EFFECTS OF MULTIPLE DOSES OF SIMVASTATIN AND 
ARTESUNATE MONOTHERAPY ON Schistosoma mansoni 

ADULT WORMS DURING INFECTION 
IN HYPERLIDEMIC MICE

Alba Cristina Miranda de Barros Alencar1, Thaís Silva dos Santos2, Luciana 
Brandão-Bezerra2, Eduardo José Lopes-Torres2, José Firmino Nogueira-
Neto3, Renata Heisler Neves2 and José Roberto Machado-Silva2

ABSTRACT

A single dose of simvastatin and of artesunate monotherapy cause damage to the reproductive 
system of schistosomes as well as severe tegumental damage in male worms recovered from 
mice fed high-fat chow. This study aims to investigate whether treatment with multiple-
dose regimes may offer more antischistosomal activity advantages than single daily dosing 
in mice fed high-fat chow. For this purpose, nine weeks post-infection, Swiss Webster mice 
were gavaged with simvastatin (200 mg/kg) or artesunate (300 mg/kg) for five consecutive 
days and euthanized two weeks post-treatment. Adult worms were analyzed using brightfield 
microscopy, confocal microscopy and scanning electron microscopy, presenting damages 
caused by simvastatin and artesunate to the reproductive system of males and females as 
well as tegument alterations, including peeling, sloughing areas, loss of tubercles, tegumental 
bubbles and tegument rupture exposing subtegumental tissue. The overall findings in this 
study revealed the potential antischistosomal activity of simvastatin and artesunate against 
Schistosoma mansoni adult worms, in addition to showing that multiple doses of either 
monotherapy caused severe damage to the tegument.
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INTRODUCTION

 Schistosomiasis is the second most prevalent among the group of 
neglected tropical diseases (NTDs) (CDC, 2018). Intestinal schistosomiasis 
caused by a blood-dwelling flatworm Schistosoma mansoni is a chronic 
parasitic disease entailing a substantial burden on human health in poor 
communities from Sub-Saharan Africa, Latin America, and the Caribbean 
islands without access to safe water, sanitation, and hygiene (WASH) 
(Campbell et al., 2014; CDC, 2018). 

 Mammal hosts (humans, non-human hosts and rodents) become 
infected through skin contact with water bodies contaminated with 
cercariae (infectious larval stage) released by freshwater snails of the 
genus Biomphalaria. Once inside the host, the cercaria undergoes complex 
morphological and biochemical transformations to schistosomula which 
migrates from the skin to the lungs and then to the liver, where it matures 
into an adult egg-laying parasite. At 5-6 weeks mated worms move to 
the mesenteric vessels, where females release immature eggs (Andrade, 
2009), which become mature by passing through the mammalian intestinal 
wall. Eggs reach the gut lumen and are excreted with host feces into the 
environment. Subsequently, eggs hatching in freshwater originate a ciliated 
larva (miracidium) that infects species of Biomphalaria, thus completing the 
life cycle (Costain et al., 2018). 

 Current treatment for schistosomiasis mansoni relies on praziquantel 
(PZQ) monotherapy, but the exact molecular mechanism is not well 
understood (Bergquist & Elmorshedy, 2018; Thomas & Timson, 2018). The 
development of drug-resistance has become an issue of utmost concern due 
to its mass administration (Cioli et al., 2014; Neves et al., 2015; Lago et al., 
2018; Pereira et al., 2019), as well as low efficacy against juvenile stages 
(Doenhoff et al., 2009). This concern has motivated researchers to discovery  
new effective antischistosomal drugs (reviewed in Caffrey et al., 2019), or 
new alternatives for the treatment of schistosomiasis (reviewed in Adekiya 
et al., 2020). In the latter context, drug repositioning is a strategy used to 
identify new uses for marketed drugs (Giuliani et al., 2018; Gouveia et al., 
2018).

 Artemisinin (qinghaosu) is a compound derived from the Chinese 
plant Artemisia annua L, long known due to its fever reducing characteristic 
(Weathers et al., 2014). Aside from its antimalarial activity, several studies 
assessed the efficacy of artemisinin (ART) and its derivatives (artemether 
and artesunate) against S. mansoni in animal models (Utzinger et al., 2001). 

 Morphological and biological studies of this parasite have shown 
that the tegument and the reproductive organs are potential drug targets. In 
addition, 7-day-old schistosomula are more susceptible to a single dose of 
artemether than 21-day-old parasites (El-Beshbishi et al. 2013). 
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ART administered at the patent infection (45-49 dpi) reduced 
schistosome body size, induced worm shift, female burden tissue egg load 
and morphological changes which were seen in both the reproductive organs 
(vitelline glands and ovary) and oogram (Araújo et al., 1991; Abdul-Ghani et 
al.., 2011; El-Beshbishi et al., 2013). 

 Artesunate (AS) given to mice at 300 mg/kg during the pre-patent 
phase revealed that older schistosomula (23 dpi) are more susceptible than 
younger (15dpi).  Along with this, AS can hinder the maturating stage of 
schistosomula, as revealed by alterations in the structural characteristic of 
their gut (schistogram) (Vimieiro et al., 2013). Moreover, AS administered 
45 dpi in a single dose of 300 mg/kg also showed activity by reducing 
worm recovery, inducing death of hepatic worms and oogram changes. 
Drug-induced morphological damages were characterized by alterations 
of reproductive organs (cellular alterations in vitelline glands and reduced 
ovary). In addition, oral administration of 300 mg/kg for five consecutive 
days induced greater hepatic shift and worm death compared to the single 
dose (Araújo et al., 1999).

  Statins are a family of drugs widely used as cholesterol lowering 
agents (Wang et al., 2008; Rutishauser, 2011), as well as their pleiotropic 
functions such as antischistosomal agent in vitro (Rojo-Arreola et al., 2014). In 
vivo studies have shown that lovastatin administered during five consecutive 
days reduced female schistosome maturation, altered reproductive organs 
and egg production with oogram changes in mice fed normal chow (Araújo 
et al., 2002, 2008). 

 The impact of the association between diet composition and 
experimental schistosomiasis mansoni has been recently reviewed (Marques 
et al., 2018). Our team has shown that in a cholesterol-rich environment, 
schistosomes increase fertility and egg maturity (Neves et al., 2007a). Besides 
all of the reasons aforementioned of limitations in the schistosomicidal 
drug’s efficacy, the role of the host diet on the chemotherapeutic treatment 
is lacking (Augusto et al., 2019). We recently demonstrated that a single 
dose of simvastatin (200 mg/kg) and artesunate (300 mg/kg) alone caused 
consistent damage to the reproductive system of schistosomes (testicular 
lobes, vitelline glands and ovarian cells), as well as severe tegumental 
damage in male worms in mice fed high-fat chow (Alencar et al., 2016). In 
view of such results, we investigated whether treatment with multiple-dose 
regimes may offer any antischistosomal activity advantage in relation to a 
single daily dose in mice fed high-fat chow.
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MATERIAL AND METHODS

Ethics statement

 Animal care and experimental protocol complied with the Guidelines 
for the Care and Use of Laboratory Animals [National Research Council 
(US) Committee for the Update of the Guidelines for the Care and Use of 
Laboratory Animals, 2011], the Brazilian Law 11.794/2008 and the regulations 
of the National Council of Animal Experimentation Control (CONCEA). 
The Animal Care and Use Committee of the Biology Institute of the State 
University of Rio de Janeiro approved the experimental guideline (process 
number: CEUA/013/2013).

Experimental design

Females Swiss Webster (SW), three weeks of age, were obtained from 
the Laboratory Animal Breeding Center (Oswaldo Cruz Foundation, Rio de 
Janeiro, Brazil). Mice were housed in propylene cages (40x33cm) under a 
controlled environment (21 ± 1 °C, humidity 60 ± 10%, and 12 h /12 h dark/
light cycle), with free access to food and water throughout the experiment. 

 Mice were fed  high-fat chow (HFC), containing lard, egg yolk, wheat 
flour, corn starch, casein and vitamins and minerals (47% carbohydrates, 24% 
proteins, 29% lipids) (5.7 kcal/g body mass/day) for six months, starting from 
21 days of life (weaning) (Neves et al., 2006). Mice were fed a standard mouse 
chow pellet (Nuvilab CR-I-NUVITAL Nutrients Ltda®. Paraná, Brazil) as the 
control group. 

After six months on the designated diets (Neves et al., 2007a), the 
mice (n=52) were infected subcutaneously with 80 S. mansoni cercariae (BH 
strain, Brazil), as previously described (Martinez et al., 2003). Cercariae 
were obtained from the Laboratory of Malacology (Oswaldo Cruz Institute, 
FIOCRUZ, Rio de Janeiro State, Brazil). 

Treatment schedule and experimental groups

Mice were given simvastatin® (Medley, Campinas, São Paulo, 
Brazil) or artesunate® (Farmanguinhos, FIOCRUZ, Rio de Janeiro State, 
Brazil) dissolved in 1,000 μl water and 250 μl Cremophor® (Sigma Chemical 
Company, St. Louis, MO, USA) nine week pi. Mice were gavaged with 
simvastatin (200 mg/kg bw) or artesunate (300 mg/kg bw) for five consecutive 
days. The untreated group received 250 μl Cremophor also for five days. 
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The mice were allocated into six groups according to treatment and 
diet: USC: untreated, standard chow (n=7); SCS: standard chow treated with 
simvastatin, (n=9); SCA: standard chow treated with artesunate (n=11); UHFC: 
untreated, high-fat chow (n=8); HFCS: high-fat chow treated with simvastatin 
(n=9); HFCA: high-fat chow treated with artesunate (n=9). 

Parasitological examination and cholesterol analysis  

Fecal samples were collected from each mice group at week 6 post 
infection to monitor schistosome eggs (two slides per animal), using the Kato-
Katz technique (Katz et al., 1972). At week 11, mice were euthanized by 
cervical dislocation. 

The small intestine removed for oogram determination was cut 
into segments, each 1 cm in length, compressed between glass slides and 
examined through a light microscope (Olympus BX50 Miami, Florida, USA). 
Schistosome eggs were classified into mature, immature and dead (Prata, 
1957). At least 100 eggs were evaluated for each animal.

After euthanasia, blood samples obtained by cardiac puncture were 
centrifuged at 2000 g for 15 min, and the serum was stored at -20 °C for 
further cholesterol analysis. Total cholesterol (TC) level was measured using 
a colorimetric enzymatic method, according to standard technique at Lipids 
Laboratory (Lablip, Policlínica Piquet Carneiro, State University of Rio de 
Janeiro, Rio de Janeiro, Brazil). 

Recovery of worms 

Adult worm burden was determined after removing from the portal 
system and mesenteric veins for counting and sexing under a stereomicroscope. 
The percentage of reduction for each treated group was determined with the 
following formula: P: (number of worms recovered from the control group - 
number of worms recovered from the treated group) / (number of worms from 
the control group) x 100 (Cioli et al., 2004).

Morphological and morphometric examination 

Adult worms were prepared using the conventional protocol for light 
and confocal microscopy, as previously described (Neves et al., 2007a). 
Briefly, fixation with AFA solution (95% alcohol, 3% formaldehyde and 2% 
glacial acetic acid) at room temperature, staining with hydrochloric carmine 
(2.5%), dehydration in a graded ethanol series (70°GL, 90°GL and absolute), 
clarification with methyl salicylate and mounting on microscope slides with 
Canada balsam (1:2).
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Whole-mounted specimens from USC (n=46), SCS (n=46), SCA 
(n=39), UHFC (n=57), HFCS (n=46) and HFCA (n=20) were analyzed by 
light microscopy (LM), using a light microscope (Olympus BX41, Miami, 
Florida, USA), coupled to a digital camera (Sony, Tokyo, Japan) at the 
Romero Lascasas Porto Laboratory of Helminthology, Faculty of Medical 
Sciences, UERJ (Neves et al., 1998). Morphometric analysis was performed 
with a computer imaging analysis software (Image Pro Plus, Media 
Cybernetics, USA). The measurements included male reproductive organ 
(germ cells density in testicular lobes), tegument thickness, and tubercles 
height. All densities were analyzed on a scale, in which three crosses (+++) 
represent normal pattern, two (++) or one cross (+) indicate reduced density 
(Brandão-Bezerra et al., 2019). 

The reproductive organs of twenty specimens from each group (10 
males and 10 females) previously analyzed by LM were also examined by 
confocal microscopy (CM), based on our previous procedures (Neves et al., 
2004, 2007a; Alencar et al., 2016). Whole mounts were imaged using a Zeiss 
confocal microscope LSM 510–META (Zeiss, Germany), with a 543 nm 
He/Ne laser and a LP 570 filter under reflected mode (Brandão-Bezerra et 
al., 2019) at the Platform/Laboratory of Electron and Confocal Microscopy, 
UERJ.

Adult male worms collected for scanning electron microscopy 
(SEM) analysis were washed in saline solution, fixed with AFA and sputter-
coated for 10 seconds with gold with 20-25nm thickness (Lopes-Torres et 
al., 2013). Samples were dehydrated in a graded ethanol series (70–100% 
Degree Gay Lussac) for 40 minutes at each step, critical-point dried in CO2, 
mounted on metallic stubs and coated with gold (20–25 nm deposited). All 
SEM images were analyzed using the electron microscope Jeol/EO JSM-
6510 (Jeol, Tokyo, Japan) at the Institute of Chemistry (State University of 
Rio de Janeiro, Rio de Janeiro, Brazil).

Statistical analysis

Data are expressed as mean ± standard error. Data were analyzed 
using the Statistical Package for the Social Sciences (SPSS) software. The 
groups were compared using the following tests: Mann-Whitney (tegument 
thickness and tubercles height), Student’s T test (total cholesterol and worm 
recovery). The level of significance was set at p ≤ 0.05.
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RESULTS

Cholesterol analysis 

  Plasma total cholesterol levels are shown in Table 1. Cholesterol levels 
were increased in mice fed high-fat chow (UHFC, HFCS and HFCA) compared 
to mice fed standard chow (USC, SCS and SCA). Artesunate had no effect on 
reducing cholesterol levels (SCA, 73 ± 2.8 mg/dL; HFCA, 107 ± 6.1 mg/dL), 
compared to controls (USC, 66 ± 4.1 mg/dL; UHFC, 89 ± 3 mg/dL). 

Parasitological analysis

Data on parasitological analysis are shown in Table 1. The worm 
recovery was approximately 2 to 4-fold lower in treated mice compared to 
untreated groups: USC (21 ± 5) and UHFC (24 ± 3). No statistical differences 
were observed in worm recovery (SCS, 12 ± 3 vs HFCS, 12 ± 2; SCA, 7±1 vs 
HFCA, 5±1). Although not significant, treatment with simvastatin (SCS, 24% 
and HFCS, 54%) or artesunate (SCA, 49% and HFCS, 73%) resulted in worm 
burden reduction. 

Even though no major differences were found in testicular (germ) cell 
density when HFCS (93%) and HFCA (87%) were compared to SCS (94%) and 
SCA (90%), respectively (Table 1).

As shown in Table 1, mice fed high-fat chow (UHFC, 15 ± 0.8 μm; 
HFCS, 9.9 ± 0.3 μm) presented reduced tegumental thickness when compared to 
their respective diet groups (USC, 21 ± 1.7 μm; SCS (11 ± 0.5 μm). Likewise, the 
height of the tubercles was reduced in UHFC (5.9 ± 0.2 μm) when compared to 
USC (8.2 ± 0.4 μm) and HFCA (4.9 ± 0.1 μm) compared to SCA (5.9± 0.2 μm).

Morphological analysis

Morphological features of the reproductive system were investigated 
using confocal microscopy on whole-mount male worms (Figure. 1).  Untreated 
worms (USC and UHFC) showed testicular lobes with rounded cells and visible 
nucleus. The seminal vesicle was filled with an abundant amount of sperm (Figure 
1a and b). On the other hand, simvastatin induced morphological alterations in 
testicular lobes, irrespective of chow. Worms from the SCS group displayed 
immature germ cells and anucleated cells and low density of spermatozoa within 
the seminal vesicle (Figure 1c). In HFCS, similar changes were found, besides 
amorphous cells (Figure 1d). Artesunate also induced morphological alterations 
in the male reproductive organs. Immature, amorphous, granular nucleus, 
anucleated germ cells and immature cells and a low amount of sperm were found 
within the seminal vesicle in both SCA and HFCA groups (Figure 1e and f).
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Table 1. Total cholesterol level and parasitological parameters in Schistosoma 
mansoni-infected mice fed standard chow or high-fat chow. Treatment with 
simvastatin (200 mg/kg) or artesunate (300 mg/kg) for five consecutive days.

Groups

Parameters USC SCS SCA UHFC HFCS HFCA

Total cholesterol 
(mg/dl) 66 ± 4.1 57 ± 3.8 73 ± 2.8 89 ± 3a 83 ± 4.7b 107 ± 6.1c

Adult worm 
recovery 21 ± 5 12 ± 3 7 ± 1 24 ± 3 12 ± 2 5 ± 1

Worm burden 
reduction (%) -- 24 49 -- 54 73

Worm 
morphology

Germ cell 
density (%) 97 94 90 100 93 87

Tegument 
thickness (μm) 21 ± 1.7 11 ± 0.5 10 ± 1.1 15 ± 0.8a 9.9 ± 0.3 10 ± 0.5

Tubercle 
height (μm) 8.2 ± 0.4 5.5 ± 0.2 5.9 ± 0.2 5.9 ± 0.2a 5.3 ± 0.2 4.9 ± 0.1c

Oogram (%)

Immature 97 99 58 58 63 63

Mature 02 00 12 22 05 07

Dead 01 01 30 20 32 30

All data are represented as mean ± standard error. Significant differences (p<0.05) when 
compared to group: USC (a); SCS (b); SCA (c). USC: untreated, standard chow; SCS: 
standard chow treated with simvastatin; SCA: standard chow treated with artesunate; 
UHFC: untreated, high-fat chow; HFCS, high-fat chow treated with simvastatin. 
HFCA: high-fat chow treated with artesunate.

The female’s reproductive organs analyzed by confocal are shown 
in Figure 2. Untreated females presented normal ovaries composed of round 
oocytes with visible nucleus and sperm-filled seminal receptacle (Figure 2a 
and b). In female schistosome, ovarian cells from the simvastatin-treated 
group (SCS) revealed changes in shape mostly anucleated cells or granular 
nuclei (Figure 2c). In addition, HFCS group presented ovary with triangular 
cells in shape (Figure 2d). Treatment with artesunate has caused more intense 
changes than simvastatin, regardless of diet. Several morphological alterations 
were observed, such as amorphous, triangular in shape and/or anucleated cells 
(Figure 2e and f).
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Figure 1. Confocal images showing testicular lobes and seminal vesicle on male 
Schistosoma mansoni collected from the mice fed standard (a, d, e) or high-fat chow 
(b, d, f). Mice were treated with simvastatin (c, d) or artesunate (e, f) for 5 consecutive 
days. Untreated worms showing gynaecophoric canal, cells with visible nucleus within 
the testicular lobes and seminal vesicle (a, b). Worms treated with simvastatin presented 
immature and anucleated germ cells in testicular lobes, sperm cells within the seminal 
vesicle (c) and amorphous and anucleated cells (d). Worms treated with artesunate 
showing testicular lobes with immature, amorphous cells with granular or anucleated 
nucleus and seminal vesicles with low immature cell density and sperm (e, f). Scale 
bars: 50 μm. Abbreviations: gynaecophoric canal (GC), seminal vesicle (SV), TL: 
testicular lobes.



30 J Trop Pathol Vol. 50 (1): 21-39. jan.-mar. 2021

Figure 2. Confocal images showing reproductive organs on female Schistosoma mansoni    
collected from mice fed standard (a, c, e) or high-fat chow (b, d, f). Mice were treated 
with simvastatin (c, d) or artesunate (e, f) for five consecutive days. Untreated worms 
showing ovary with rounded oocytes with visible nucleus and spermatozoa within the 
seminal receptacle (a, b). Worms treated with simvastatin (SCS group), presenting 
ovary with amorphous anucleated cells or granular nuclei (c), triangular shape cells and 
sperm-filled seminal receptacle (d). Worms exposed to artesunate (SCA group) showing 
distorted ovary characterized by amorphous, triangular, elongated and/or anucleated 
cells and sperm-filled seminal receptacle (e, f). Scale bars: 50 μm. Abbreviations: O: 
ovary; SR: seminal receptacle.
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Figure 3. Scanning electron microscopy showing dorsal tubercles on adult male 
Schistosoma mansoni collected from mice fed standard chow (a, b). Untreated worms 
(USC group) showed typical surface topography with evenly distributed intact spiny 
tubercles, sensory receptor (a) and ridges (b).  Treated worms with simvastatin for five 
consecutive days (SCS group) resulted in damaged tegument peeling (c) and damaged 
tubercles (d). Treatment with artesunate for five consecutive days (SCA) caused peeling 
on the outer layer with exposure of subtegumental tissue, and tubercle damage with loss 
of spines and tegument desquamation (e, f). Scale bars: (a, e) 5 μm; (b, d, f) 10 μm; (c) 
50 μm. Abbreviations: ridges (R), spines (S), subtegumentar layer (SL), tegument (T) 
and tubercles (TT).
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Figure 4. Scanning electron microscopy showing dorsal tubercles on adult male 
Schistosoma mansoni collected from mice fed high-fat chow. Untreated worms (UHFC 
group) exhibit intact tubercles with overlying spines, ridges (a) and sensory receptor 
(b). Worms treated with simvastatin for five consecutive days showed tegument 
peeling, some tubercles exhibit rupturing, desquamation (c) and tegumental bubbles 
(d). Worms treated with artesunate for five consecutive days showed a smooth area 
devoid of tubercles on one side of the gynaecophoric canal (e), pore-like structures on 
the tegument with different sizes (f). Scale bars: (a, b, d) 5 μm; (f) 10 μm; (c, e) 50 μm 
Abbreviations: bubbles (B), ridges (R), gynaecophoric canal (GC), hollow area (HA), 
sensory receptor (SR), spines(S), tegument (T) and tubercles (TT).
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Scanning electron microscopy (SEM) images of adult male S. mansoni 
are shown in Figure 3 and 4. As expected, untreated worms from mice fed 
standard chow (USC) presented the typical surface topography with evenly 
distributed intact spiny tubercles, sensory receptor (Figure 3a) and ridges 
(Figure 3b). By contrast, the tegument was disrupted in worms subjected to 
simvastatin or artesunate over five consecutive days. SCS showed moderate 
tegument peeling, damaged tubercles with loss of spines (Figure 3c) and 
unevenly distributed tubercles covered by detached tissue (Figure 3d). 
Artesunate treatment (SCA) caused peeling on the outer layer with exposure 
of subtegumental tissue (Figure 3e) and tubercle damage with loss of spines 
(Figure 3f).

Similar to the USC group, untreated worms from mice fed high-fat 
chow (UHFC) showed typical surface topography with evenly distributed intact 
spiny tubercles, ridges (Figure 4a) and sensory receptor (Figure 4b). In the 
HFCS group, the surface topography was also altered with tegument peeling, 
some tubercles exhibited rupturing (Figure 4c) and tegumental bubbles (Figure 
4d). In worms treated with artesunate (HFCA), many flattened tubercles and a 
smooth area devoid of tubercles in one of the folds of the gynaecophoric canal 
were found (Figure 4e).  As well as the pitted appearance (like pores) of the 
tegument, hollow areas in different sizes were also found (Figure 4f). 

DISCUSSION

 A recent publication called into question whether host diet may play 
a role on chemotherapeutic treatment (Augusto et al., 2019). Concerning the 
present work, we addressed the effects of artesunate and simvastatin using 
a regimen in mice fed high-fat chow. Consistent with our previous reports 
(Neves et al., 2007a; Alencar et al., 2009, 2016; da Silva Filomeno et al., 
2020), feeding high-fat chow (UHFC) increased levels of total cholesterol 
(TC) compared with that of standard chow-fed control mice (USC). 

 Previous studies demonstrated that both experimental (Doenhoff et 
al., 2002; Neves et al., 2007; Alencar et al., 2009; Stanley et al., 2009) and 
human schistosomiasis induce TC level reduction (Sanya et al., 2020) due to 
use of TC by adult worms. Given that simvastatin is a powerful TC lowering 
compound (Pose et al., 2019), TC levels reduction in mice fed high-fat chow 
(HFCS) would be expected. In fact, our results confirmed this. Beyond 
antimalarial action, artesunate shows pleiotropic activity by reducing TC levels 
either as a monotherapy or combination therapy in rabbits (Wang et al., 2013). 
In our experimental mice groups, artesunate-treated (SCA and HFCA) have 
not shown reduction in TC levels compared to controls (USC and UHFC). 
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 Evidence indicates that host diet has an influence on the development 
of adult worms and over the course of S. mansoni infection (Marques et al., 
2018). During the last few years, our group has shown that in a cholesterol-rich 
environment, schistosomes increase infectivity rate, fertility and egg maturity, 
when compared to worms kept on normal mouse chow (Neves et al., 2007a; 
Alencar et al., 2016). We here corroborate that high-fat feeding results in higher 
adult worm recovery (HFCS), but no statistical difference was found (Alencar 
et al., 2016). 

 Due to their blood habit, adult schistosomes may coexist with a large 
number of harmful factors (Skelly et al., 2014; Da’dara & Skelly, 2014; Blohm et 
al., 2016), including exposure to drugs with schistosomicidal activity (Augusto 
et al., 2019; Caffrey et al., 2019). In fact, previous studies have demonstrated 
that a multiple-dose lovastatin and artesunate regimen reduced total worm rates 
in mice fed standard mouse chow (Araújo et al., 1999, 2002). However, the 
use of these drugs in a multiple-dose regimen has not been reported so far in 
mice fed high-fat chow. The current findings provide evidence that both drugs 
reduced the worm burden by 54% (HFCS) or 73% (HFCA). It is interesting to 
contrast the results obtained here with our previous study using a single dose, in 
which artesunate-treated mice showed lower worm burden reduction (HFCA, 
49%) (Alencar et al., 2016). This suggests that the long-term treatment could 
potentially increase the antischistosomal activity of artesunate, regardless of 
diet (Araújo et al., 1999; Shaohong et al., 2006).  

 The tegument is the primary surface for host-parasite interaction by 
providing, protection, immunomodulation and nutrient ingestion (Skelly et al., 
2014). On the other hand, the tegument is target for antischistosomal compounds 
(Leow et al., 2014). Male specimens harbor numerous large spiny tubercles on 
the dorsal surface, which help the migration from liver to mesenteric vessels. 
Here, we found both reduced tegument thickness and tubercle height mainly 
due to artesunate, in line with our previous investigation (Alencar et al., 2016). 
The morphological features of untreated worms from mice fed control (USC) or 
high-fat chow (UHFC) exhibited a typically normal topographic morphology, 
including evenly distributed intact spiny tubercles, ridges and sensory receptor 
in agreement with previous reports (Utzinger et al., 2001; Keiser et al., 2015; 
Pinto-Almeida et al., 2016). Our SEM investigations revealed that all treated 
groups (SCS, SCA, HFCS and HFCA) displayed a variety of tegument changes, 
including peeling, sloughing areas, loss of tubercles, tegument rupture exposing 
subtegumental tissues and tegumental bubbles. These findings are worth 
highlighting. First, previous studies have shown that the tegument damage is 
a common feature with several schistosomicidal agents (Soliman & Ibrahim 
2005; Alencar et al., 2016). Second, males with disrupted tegument can be 
vulnerable to the host’s immune response (Skelly & Wilson, 2006; Reimers et 
al., 2015; Buchter et al., 2018), a factor that could have interfered with the rate 
of worm recovery. 
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 In view of such results, we investigated whether long-term treatment 
would cause morphological alterations to male reproductive gonads. Indeed, 
the density of germ cells within the testicular lobes was reduced in the HFCS 
(-7%) and HFCA (-13%) groups, compared to the normal pattern in untreated 
worms (UHFC). Our findings extend earlier studies regarding testis alterations 
(Araújo et al., 2002). Having identified such alterations by light microscopy, 
we further analyzed the reproductive system using confocal microscopy. 
Consistent with our previous study, simvastatin (HFCS) and artesunate (HFCA) 
treatment induced morphological alterations in testicular lobes characterized 
by cellular disorganization, immature cells without sperm formation or low 
density of spermatozoa within the seminal vesicle, when compared to normal 
features observed in untreated worms (USC and UHFC) (Alencar et al., 2016). 

 Earlier investigations focused on the effects of artesunate and 
lovastatin monotherapy on egg production due to its relevance for both 
pathogenesis and disease transmission. In fact, both artesunate and lovastatin 
caused disorganization of gonadal tissue structures (ovary and vitelline 
follicles) in female worms collected from mice fed standard chow (Araújo et al., 
1999, 2002). Here, we show that the multiple dose regimen of simvastatin and 
artesunate treatment also led to detrimental effects on the reproductive organs, 
consistent with our data, when administered as a single dose (Alencar et al., 
2016). It is likely that oogram changes characterized by decreased immature 
eggs and increased dead eggs and egg burden reduction (data not shown) are 
associated with gonad damages (Araújo et al. 1999, 2002; Shaohong et al., 
2006). 

 Our study focused on the role of host diet on the schistosomiasis 
treatment, which is a promising new area of research. Taken together, our 
findings indicate that simvastatin and artesunate display activity against adult 
schistosomes in mice under hyperlipidemic condition. 
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