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Abstract
Schistosomiasis mansoni is considered a serious public health problem. As praziquantel is the only drug recommended by 
the World Health Organization for the treatment and control of schistosomiasis, the development of new drugs is of great 
significance. In this work, we present the antischistosomal activity of a small set of phthalimido-thiazole derivatives against 
Schistosoma mansoni. The effects of those derivatives on the viability of larvae juveniles and adult parasites, production 
and development of eggs, mortality of schistosomules in vitro by counting worms, and stages of eggs of infected animals 
in acute and chronic phases were evaluated, resulting in the identification of new multistage antischistosomal compounds. 
Additionally, a study of liver fibrogenesis was released. The phthalimido-thiazole derivatives, compounds 2b-d, 2h-j, had 
shown activity on schistosomules, achieving 100% mortality even at 5 mg/mL, in the first 24 h. In the chronic phase of 
schistosomiasis infection, compound 2i promoted a reduction in the number of immature eggs, an increase in the number 
of non-viable parasite eggs, a reduction in the average number of eggs in the liver and intestine, decrease in the levels of 
hydroxyproline in the liver, and a reduction in the areas of hepatic fibrosis. This compound also promoted an increase of 
IL-10 and a reduction in the level of TNF-α in the liver. Accordingly, the phthalimide-thiazole scaffold is a new starting point 
for the development of multistage compounds that affect S. mansoni viability, egg formation, and production.

Highlights
• Phthalimido-thiazole derivative as multistage compound
• Prophylactic activity of compound 2i
• 100% on schistosomules mortality
• Reduction of egg number
• Anti-fibrotic activity
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Introduction

Schistosomiasis is an acute and chronic parasitic disease 
caused by trematode helminths of the genus Schistosoma. 
Schistosomiasis transmission has been reported in 78 coun-
tries, and at least 236.6 million people required preventive 
treatment in 2019 (WHO 2022). In Brazil, there is only 
schistosomiasis mansoni, caused by the species Schistosoma 
mansoni (S. mansoni) and transmitted by snails of the genus 
Biomphalaria (Mesquita et al. 2021).
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In its early stages, schistosomiasis is considered an 
asymptomatic disease that is due to a toxemic and aller-
gic reaction or systemic hypersensitivity to migratory and 
maturing larvae, while its acuteness is rather a result of the 
worm burden and the immune response to parasite antigens 
(Han et al. 2009; Siqueira et al. 2017). The complex migra-
tory lifecycle of the schistosome is initiated by the cutane-
ous penetration of free-swimming multicellular infective 
cercariae into the human mammalian host, aided by several 
environmental signals such as light–dark contrast, motion, 
chemical, and thermal gradientes (Han et al. 2009). The cer-
cariae concurrently lose their bifurcated tails to develop into 
schistosomule (Masamba et al. 2016).

When Schistosoma eggs are trapped in tissues, they trig-
ger an immune reaction causing schistosomiasis. The anti-
gens released from the egg stimulate a reaction that involves 
helper T cells (Th1), macrophages, eosinophils, and that 
cause clinical disease. As the disease progresses, the Th2 
immune profile becomes predominant, with the occurrence 
of deposition of collagen fibers and formation of granulomas 
leading the disease to a more severe condition (Silva et al. 
2012; Shaker et al. 2014).

Currently, the treatment of schistosomiasis is mainly 
based on chemotherapy, using practically a single drug, 
praziquantel (PZQ) (Ferrari et al. 2003). PZQ is a pyrazi-
noisoquinoline derivative, which is currently the reference 
drug in the treatment of schistosomiasis, due to its high effi-
cacy and low cost. However, the drug does not act on the 
larval forms of the parasite (Lambertucci 2010); therefore, it 
has no prophylactic effect, and this can cause unsatisfactory 
results in mass treatment, where there are cases of reinfec-
tion. In addition, studies in endemic areas warn of the pos-
sibility of developing drug resistance (Liang et al. 2010).

Due to the therapeutic failure of PZQ, in recent years, 
several studies have stood out in the search for an alterna-
tive to the treatment of schistosomiasis. In 2014, Santiago 
et al. described a promising schistosomicidal activity of 
phthalimido-thiazole derivatives. Phthalimido-thiazole is a 
compound composed of two structures known in medicinal 
chemistry, thiazole, and phthalimide. The structure of thia-
zole is widely used in medicinal chemistry because it has a 
broad spectrum of biological action (Giri et al. 2009; Bharti 
et al. 2010). The phthalimide nucleus is an essential pharma-
cophoric fragment from thalidomide (Hashimoto 2008), in 
which some derivatives are known for their immunomodula-
tory activities, with the inhibition of tumor necrosis factor-α 
(TNF-α) being the most important (Chelucci et al. 2019; 
Man et al. 2009). Following this line of research, the phthal-
imide ring has commonly been employed in the design of 
potential anti-inflammatory (Assis et al. 2019) and immu-
nomodulatory compounds (Stewart et al. 2007; Zahran et al. 
2014).

Regarding the identification of schistosomicidal agents, 
most of the efforts have been conducted by the Labora-
tory of Planning and Medicinal Chemistry (LpQM/UFPE), 
through the investigation of phthalimido-thiazoles deriva-
tives as schistosomicidal agents, as described by Oliveira 
et al. (2018), Barbosa et al. (2019), and Miranda Filho et al. 
(2020). Although phthalimido-thiazoles are effective against 
the adult form, their activity against immature forms of the 
parasite and their mechanisms of action against S. mansoni 
has not yet been evaluated. It has already been described 
in the literature that young and adult schistosomes express 
a number of cysteine proteases, including cathepsins B1, 
F, and L, which operate synergistically in the parasite’s 
intestine to degrade host proteins as a source of nutrients 
(Abdulla et al. 2007). Therefore, a drug that acts on these 
targets could affect not only the adult worm but also the 
young form of S. mansoni.

In the search for more efficient schistosomicidal alter-
natives, the present study proposes to study six phthalyl-
thiazoles (compounds 2b, c, d, h, i, j) with schitossomi-
cidal activity (Miranda Filho et al. 2020), regarding their 
prophylactic potential in schistosomiasis mansoni and try 
to elucidate the mechanisms of action of the compounds 
concerning all forms of S. mansoni.

Methodology

Compounds

Phthalimido-thiazole derivatives (2b-d, 2h-j) (Table 1) 
were synthesized as described by Gomes et al. (2016). 
This compound was planned considering the promising 
results achieved by compounds bearing a thiazole ring and 
phthalimides nuclei; they were chosen as common phar-
macophores that exist in several drug classes (Ramalho-
Pinto et al. 1974). The chemical characterization was done 
using nuclear magnetic resonance and mass spectroscopy. 
PZQ (catalog n°. 4668; bench, BCBD3257V) was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Parasites, intermediary, and definitive hosts

The LE strain of S. mansoni (Belo Horizonte, Minas Ger-
ais, Brazil) was used throughout this study. Male BALB/c 
mice were used for the chronic assay. All animals were at 
the IAM animal research facility. The animal protocol was 
designed to minimize pain or discomfort to the animals, 
which were kept in rooms with temperature (22 ± 2 °C) 
and humidity (55% ± 10%) controlled under continuous 
air renewal conditions. Animals were held in a cycle of 
12-h light/12-h dark and had free access to food (Nuvilab,  
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Curitiba, Paraná, Brazil) and water. Experimental proce-
dures involving animals complied with the ethical stand-
ards of the Oswaldo Cruz Foundation and ethical approval 
was granted by the Ethics Committee for the Certified Use 
of Animals (CEUA-IAM 67/2014).

In vitro schistosomula assay

The parasites were obtained by mechanical transfor-
mation of cercariae, as reported by Ramalho-Pinto et al. 
(1974). Schistosomula were cultured in RPMI1640 medium, 
containing antibiotics and supplemented with 10% fetal 
bovine serum at 37 °C in an atmosphere of 5%  CO2. This  

form of the parasite was cultivated until the 7th day, and schisto- 
somula were obtained corresponding to those observed in the  
skin, such as the pulmonary phase of infected individuals 
(Veras et al. 2012; Moraes et al. 2012).

In the in vitro tests, schistosomules (1 and 21 days of 
age) were incubated in a 24-well plate (approximately 
150 parasites per well) containing a complete RPMI 
1640 medium. The compounds were added in six con-
centrations, ranging from 5 to 100 μg/mL. As a nega-
tive control, DMSO (compounds solvent) at 1.66% was 
used and as a positive control, PZQ at a concentration 
of 3 μg/mL. The culture plates were monitored daily for 
5 days, using an inverted microscope. The death of the 
parasite was defined in the absence of movement for at 

Table 1  Activity of the phthalimido-thiazoles on schistosomules with 24 h of culture

Compound Time
Mortality(%) (µg.mL-1)

100 80 40 20 10 5

2b
R= Ph

24 h 0 * * * * *

48 h 0 * * * * *

72 h 21 * * * * *

2c
24 h 0 * * * * *

48 h 15 * * * * *

R= 4-Me-Ph 72 h 31 * * * * *

2d
R= 4-MeO-Ph

24 h 0 * * * * *

48 h 0 * * * * *

72 h 17 * * * * *

2h
R= 4-NO2-Ph

24 h 0 * * * * *

48 h 23 * * * * *

72 h 37 * * * * *

2i
R= Ph-Ph

24 h 100 100 100 100 100 100

48 h 100 100 100 100 100 100

72 h 100 100 100 100 100 100

2j
R= 2-Naph

24 h 50 50 50 0 0 0

48 h 100 100 100 57 41 0

72 h 100 100 100 100 87 0
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least 1 min of examination. Schistosomule death was also 
confirmed by an exclusion test using trypan blue dye. The 
study was done in triplicate and the activity was meas-
ured by calculating the percentage of the number of dead 
schistosomules.

In vivo effect of the phthalimido‑thiazol 
in the chronic phase of schistosomiasis

Thirty male mice were used and submitted to experimen-
tal infection by S. mansoni (40 cercariae). After 45 days 
of infection, the positivity of the infection was evaluated 
using the method of Hoffman et al. (1934) and divided into 
3 groups, with 10 animals in each group: group I (control 
group), treated with 15% Chremophor; group II, treated with 
PZQ at 400 mg/Kg; group III, treated with compound 2i at 
200 mg/kg for 5 days. After 120 days (chronic phase) of 
infection, the drug prepared in the 15% Chremophor solu-
tion was administered intraperitoneally and oro-gastrically 
via gavage for 5 days. After the procedure, the animals were 
returned to their respective boxes and monitored throughout 
the duration of the experiment. After 15 days of treatment of 
the compound, the animals were euthanized to collect tissue 
and blood fragments.

Parasitological evaluation after treatment 
with the phthalimido‑thiazol derivative

The parasitological evaluation was performed by counting  
the worms, which were obtained after perfusion of the portal 
venous system, and by the direct collection of the mesen-
tery; the eggs were obtained from the liver and intestine 
by digestion in 4% potassium hydroxide (KOH) (Cheever 
1970) and also from the evaluation of the oogram following 
the classification of Pellegrino and Faria (1965). Briefly, 
three fragments of the distal portion of the intestine were 
compressed between a slide and a cover slip and were ana-
lyzed under a microscope for egg classification. For each 
fragment, 100 eggs were counted and classified according 
to their developmental stages. The eggs were classified into 
viable immature eggs (1st and 4th are underwritings), viable 
mature eggs, and nonviable eggs (calcified, with retracted, 
semi-transparent miracidium).

The efficacy of the compounds and praziquantel was 
determined by reducing the percentage of the parasite load 
in each treated group using the following equation: Reduc-
tion of worms (%) = (CT)

C
× 100 , where C is the number of 

worms that were recovered from the control group and T 
is the number of worms recovered from the treated group.

Hydroxyproline dosage

A liver sample, obtained from the larger lobe, weighing 
between 100 and 200 mg, was used to determine hydroxypro-
line, a constituent of collagen. The samples were processed 
and analyzed according to the methodology of Bergman and 
Loxley (1963), analyzed in an automatic spectrophotometer 
(Pharmacia, model Ultrospec 36 3000), at a wavelength of 
558 nm, to obtain the values of the molar concentration of 
each sample (nM).

Histopathological and morphometric analysis

To characterize liver lesions, liver fragments were fixed in Mil- 
lonig formaldehyde, included in paraffin, and cut (5 µm) in a 
microtome. The cuts will be stained by hematoxylin–eosin and 
red picrosirius for collagen fibers. Five fields stained with red 
picrosirius will be randomly selected and evaluated by semi-
automatic morphometry, using the LEICA Quantimet Q 500 
MC image processing and analysis system (Leica Cambridge, 
Cambridge, England). All periovulares granulomas centralized 
by eggs or eggshells, present in the selected fields, confluent or 
not, were evaluated. For stereological calculation, schistosomal 
granulomas were considered spheroidal structures, with nor-
mal size distribution. The data obtained was used to calculate 
the following morphometric parameters: granuloma volume, 
an occupied sectional area, volume density, and numerical 
density of granulomas. The quantification of fibrous hepatic 
tissue was obtained through the liver sections stained by the 
red picrosirius and was measured and calculated directly, as a 
percentage of the total area examined.

Immunological assays

Immediately after euthanasia, liver fragments were collected  
and frozen in liquid nitrogen, homogenized in a lysis buffer 
containing protease inhibitors. The lysates were centrifuged 
at 16,000 g at 4 °C for 15 min, and then the supernatants 
were used to quantify, through sandwich ELISA, the levels of 
TNF-α and IL-10 (BD OptEIA set to mouse, San Diego, CA, 
USA). The samples were read with the aid of a microplate 
reader.

Statistical analysis

Quantitative data were submitted to a normality test (Shap- 
iro–Wilk’s). Differences were evaluated using the one-way 
ANOVA test with post hoc Tukey, two-way ANOVA for 
parametric analysis, and linear regression for the  E50 evalua-
tion. Statistical analyses were performed using Prism Software 
(version 5.0; GraphPad Software, San Diego, CA, USA) and 
Biostat 5.3 (Mamirauá Institute, Manaus, AM, Brazil). A P 
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value of < 0.05 was considered statistically significant. Data 
were expressed as mean values (mean ±).

Results and discussion

Previous studies on phthalyl-thiazoles-based synthetic com- 
pounds demonstrated that these compounds were active on 
the adult form of S. mansoni. Indeed, Miranda Filho et al. 
(2020) identified six phthalyl-thiazoles (compounds (2b-
d, 2h-j) with schitosomicidal activity that motivated us 
to investigate their activity against immature forms of the 
parasite and their mechanisms of action against S. mansoni.

Importantly, our results show that even small variations 
in the steric and electronic nature of the R substituent can 
address compound selectivity toward schistosomules activ-
ity. The substitution varied according to the phenyl (com-
pounds 2b-d, 2h, 2i) or naphthyl (compound 2j) group 
attached to the 1,3-thiazole ring. Overall, according to our 
results, the steric nature of the R group affects the schitos-
somicidal activity.

In vitro susceptibility of S. mansoni schistosomules 
to phthalimido‑thiazoles derivatives.

The compounds (2b-d, 2h-j) were first screened for their 
activity on immature forms of S. mansoni with a maximum 
concentration of 100 µg/mL. It was verified that at 100 µg/mL, 
compounds 2i (251.6 μM) and 2j (269.2 μM) were considered 
effective, showing 100% of mortality at all times tested. After 
that, only compounds 2i and 2j were evaluated at 5, 10, 20, 40, 
and 80 µg/mL to identify the lowest effective concentration 
of the immature form of S. mansoni (Table 1). Compound 2i 
promoted 100% of schistosomules mortality even at 5 µg/mL 
(12.6 μM) at all times tested. Compound 2j promoted 100% 
of schistosomules mortality from 20 or 40 µg/mL (53.8 μM 
and 107.7 μM), after 72 and 48 h, respectively. Besides, with 
a concentration of 10 µg/mL, it exhibited 87% efficiency on 
schistosomules. Figure 1 demonstrates that the 2i showed 
activity on schistosomules at the lowest concentration (5 µg/
mL, 12.6 μM), causing 100% mortality in the first 24 h. In 
turn, the PZQ (16.0 μM) and the DMSO-treated group was 
not able to cause mortality even after 72 h of testing.

After evaluating the action of compounds against schistoso-
mules at 24 h of age, compound 2i was considered to have the 
highest activity. Considering that schistosomules undergo sev-
eral structural and biochemical changes until it reaches the liver, 
compound 2i was also evaluated in schistosomules cultured 
for 21 days, referring to the pulmonary larval phase. It was 
observed that compound 2i was effective up to a concentration 
of 10 µg/mL (25.2 μM) (Table 2), revealing a similar profile 
that was observed against the larval phase. At 5 µg/mL (12.6 
μM), no activity was observed even at 72 h of the experiment.

The activity of compound 2i was similar when it was 
screened in larval forms for 24 h and 21 days. The compound 
was effective up to the concentration of 10 μg/mL (25.2 μM) 
in the culture for 21 days, while in the initial larval phase, 
the compound was active even at the lowest concentration 
tested. Although the compound has been shown to be more 
effective in the test with schistosomules of 24 h of culture, 
there is no possibility of verifying that the initial larval form 
is more sensitive to the compound than the juvenile form.

Effectiveness of treatment with 2i in the chronic phase 
of schistosomiasis

Compound 2i was evaluated after 120 days of schistoso-
miasis infection (chronic phase), at 200 mg/kg (0.50 M), by 
using PZQ (400 mg/Kg, 1.28 M) as a positive control, and 
chremophor, which was used as a vehicle, as a negative con-
trol. Compound 2i promoted a reduction in the number of 
immature eggs and an increase in the number of non-viable 
parasite eggs in relation of the negative control (Table 3). 
This result indicates a decrease in the parasitic load.

In vivo effect of compound 2i on the number of eggs 
in the liver and intestine

Figure 2 shows a decrease in the average number of eggs in  
the liver of the groups treated as the compound 2i and PZQ 
relative to the control group. Regarding the average amount 
of eggs found in the intestine, Fig. 3 shows that there was a 
significant reduction in the groups treated with compound 2i 
relative to the control group. The group treated with deriva-
tive 2i demonstrated a similar effect on the number of eggs 

Fig. 1  In vitro effect of compound 2i on schistosomules. Mortality 
after 72 h of incubation with DMSO at 1.66%, PZQ at a concentra-
tion of 3 μg/mL (9.6 μM), and 2i at a concentration of 5 μg/mL (12.6 
μM)
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found in the intestine to the group treated with PZQ. No 
significant difference was found between the groups treated 
with compound 2i and PZQ.

These results show that treatment with compound 
2i decreased the parasitic load in the chronic phase and 
decreased the load of eggs found in the tissues. It is worth 

mentioning that, in the chronic phase, eggs in the tissues are 
usually in the form of granulomas. In this way, the elimina-
tion of these eggs in the tissues is crucial for a better recov-
ery from the injury caused by schistosomiasis.

Quantification of hydroxyproline in the liver

To quantify collagen deposition in the liver of mice dur-
ing infection by S. mansoni, the hydroxyproline content was 
quantified as a marker of collagen deposition in the liver 
of Balb/c animals during S. mansoni infection. As shown 
in Fig. 4, a decrease in the amount of hydroxyproline was 
detected in the groups treated with PZQ and 2i in relation 
to the control group.

As a collagen marker, the hydroxyproline technique 
serves as an indicator of fibrogenesis. With this in mind, we 
can observe that both compound 2i and PZQ significantly 

Table 2  Activity of the 
phthalimido-thiazoles on 
schistosomules with 21 days of 
culture

Compound Time Mortality(%)
(µg  mL−1)

100 80 40 20 10 5

2i 24 h 100 100 100 100 100 0
48 h * * * * * 0
72 h * * * * * 0

Table 3  Effect of treatment on 
the staging of S. mansoni eggs 
in the chronic phase of infection

Groups Reduction in the number of 
immature eggs

Eggs stages
Immatures
(%)

Matures
(%)

Unviable
(%)

Chremophor (OV) 46.25 21.34 46.95
PZQ (OV) 45.41% 0.84 15.14 84.02
2i (OV) 31.77% 14.48 25.48 60.03

Fig. 2  Average amount of S. mansoni eggs per gram of liver of mice 
treated with the compound 2i orally. Control, group orally treated 
with chremophor as the vehicle. PZQ (praziquantel), positive control

Fig. 3  Average amount of S. mansoni eggs per gram of intestine of 
mice treated with the compound 2i orally. Control, treated with the 
vehicle (chremophor) orally. Praziquantel (PZQ), positive control

Fig. 4  Amount of hydroxyproline in 200  mg of liver from mice 
treated with the compound 2i orally, control treated with the vehicle 
orally (control), and positive control treated with praziquantel (PZQ), 
p < 0.05

2116 Parasitology Research (2022) 121:2111–2120



1 3

decrease the levels of hydroxyproline in the liver, indicating 
a possible therapeutic effect on liver damage resulting from 
the chronic phase of schistosomiasis mansoni.

Hepatic fibrosis

To evaluate liver fibrosis, the quantification of morphometry  
was used. A significant reduction was observed in the areas 
of hepatic fibrosis (Fig. 5) in animals treated with PZQ and 
2i in relation to the control group. These results corroborate 
the results verified in the dosage of hydroxyproline.

The compound 2i also demonstrated a possible activity 
on liver fibrotic lesion by decreasing fibrosis in relation to 
the control group, as well as the PZQ. Liver fibrosis is a 
dynamic process, which begins as a response to persistent 
aggressive stimuli, leading to the exacerbated deposition of 
extracellular matrix and the consequent replacement of the 
liver parenchyma by scar tissue (Rockey 2006). In chronic 
lesions, such as schistosomiasis mansoni, the liver has an 
increase in extracellular matrix components, including col-
lagens, mainly collagen types I and II, glycoproteins, and 
proteoglycans that begin to fill the previously injured spaces 
(Iredale et al. 2013). The chronic deposition of collagen fib-
ers makes fibrous tissue more stable and resistant to degra-
dation (Popov et al. 2011). The possibility of reversing the 
condition of hepatic fibrosis will depend on the removal of 
the stimulus of the aggressive etiologic agent (Schuppan and 
Pinzani 2012).

Immunological analysis

The mice in the chronic phase of schistosomiasis, treated 
with compound 2i at 200  mg/kg (0.5  μM) for 5  days, 
were also investigated concerning the levels of TNF-α 
and IL-10. Several immunological reactions observed in 

schistosomiasis are driven by numerous cytokines that inter-
act in a complex network and several studies have shown that 
the absence or presence of these cytokines could either pro-
gress or downregulate schistosomiasis. The understanding 
of these mechanisms could, consequently, drive treatments 
for this disease through drug development (Masamba and 
Kappo 2011).

Once infected with the parasite, the initial response 
within infected tissues and plasma is characterized by 
type-1 inflammation, which is driven by tumor necrosis 
factor-α among others. This response is subsequently sti-
fled during chronic schistosomiasis by the  CD4+ T helper 
2 (Th2) response, which is triggered by antigens secreted 
by eggs and is driven particularly by IL-10 (Kumar et al. 
2015). A reduction in TNF-α concentrations was observed 
in the group treated with PZQ and compound 2i (Fig. 6B). 
Although there was an increase in the level of IL-10 in the 
liver in the PZQ and 2i groups compared to the control group 
(Fig. 6A).

As can be seen, compound 2i was able to stimulate IL10 
production. It is well known that regulatory immune cells 
not only contribute to disease progression but also play 
crucial roles in host protection. The IL-10 cytokine rep-
resents an important element in disease progression by 
encouraging inflammation through downregulation of the 
Th1 response, but also by preventing severe disease dur-
ing the Th2 response (Masamba and Kappo 2011). Through 
the expression of IL-10 and stimulation of T (Treg) cells, 
B cells gain the ability to block pro-inflammatory immune 
responses (Fairfax et al. 2013).

Fig. 5  Morphometric analysis of hepatic collagen in mice treated 
with the compound 2i orally, control treated with the vehicle orally 
(control), amd positive control treated with praziquantel (PZQ), 
p < 0.05

Fig. 6  Cytokine profile after treatment with compound 2i orally. A IL 
10 level and (B) TNF-α level. Control, treated with the vehicle orally. 
PZQ, treated with praziquantel
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It was also reported that low production of IL-10 by blood 
mononuclear cells of schistosomiasis-disease patients leads 
to a higher risk of severe periportal fibrosis (Arnaud et al. 
2008; Mutengo et al. 2018) suggesting a protective role 
of IL-10 against hepatic fibrosis. The anti-inflammatory 
and immunosuppressive potential of IL-10 that regulates 
the inflammatory process, central to tissue fibrosis, could 
explain this protective effect (Bataller et al. 2003).

The compound 2i was able to decrease the production of 
TNF-α when compared to the control group. This cytokine 
was correlated with more severe hepatic fibrosis during S. 
mansoni infections (Jeng et al. 2007). In addition, higher 
levels of TNF-α in supernatants from whole-blood cultures 
of patients are strongly associated with an increased risk 
of periportal fibrosis during hepatosplenic schistosomiasis 
(Lemos et al. 2008). The effect of compound 2i on the level 
of IL-10 and TNF-α corroborates the reduction of hepatic 
fibrosis observed in morphometric analysis of hepatic col-
lagen in mice treated with compound 2i orally.

Conclusion

Overall, the results indicate that phthalimido-thiazole deriv- 
atives are antiparasitic agents. These compounds showed 
substantial schistosomicidal properties against schistoso-
mula. Among a small series of different phthalimido-thia-
zoles derivatives, we identified two compounds as lead can-
didates, namely compounds 2i and 2j, which were active 
against schistosomules in different stages in vitro in the 
micromolar range. The compounds 2i and 2j were consid-
ered effective against 14 h old schistosomules, at 100 µg/mL, 
showing 100% of mortality at all times tested. Compound 
2i showed activity on the schistosomules at the lowest con-
centration of 5 μg/mL (12.6 μM), causing 100% mortality 
in the first 24 h. In the schistosomules cultured for 21 days, 
compound 2i was effective up to a concentration of 10 µg/
mL (25.2 μM). In the in vivo evaluation, in the chronic phase 
of schistosomiasis infection, compound 2i promoted a reduc-
tion in the number of immature eggs and an increase in the 
number of non-viable parasite eggs. In addition, similar to 
PZQ, compound 2i promoted a reduction in the average 
number of eggs in the liver and intestine, a decrease in the 
levels of hydroxyproline in the liver, and a significant reduc-
tion in the areas of hepatic fibrosis, indicating a possible 
therapeutic effect on liver damage resulting from the chronic 
phase of schistosomiasis mansoni. This compound was also 
able to promote an increase of IL-10 and a reduction in the 
TNF-α level in the liver, which could explain the reduction 
of hepatic fibrosis. Regarding the need to develop a cost-
effective and cost–benefit drug therapy, further in vitro and 
in vivo studies are needed to understand its mechanism/s of 

action, and record its activity in other human schistosomes, 
as well as the efficacy in combination with PZQ.
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