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ABSTRACT

Aims: Synthesis and evaluation of the schistosomicidal and trypanocidal properties of thioxo-
imidazolidines and thiazolidin-2,4-diones.

Study Design: We tested this compounds by way of in vitro evaluation against the adult worms of
Schistosoma mansoni and forms of Trypanosoma cruzi.

Place and Duration of Study: Departamento de Antibidticos, Universidade Federal de
Pernambuco and Fundagédo Oswaldo Cruz/PE between January 2013 and March 2014.
Methodology: This study was approved by the Ethics Committee on Animal Use Research
authorized by the license number. 38/2012. The thiazolidine (5a-h) and imidazolidine (7a-d)
compounds tested for its cytotoxicity to mouse splenocytes. Then the compounds were evaluated
against adult worms of S. mansoni by performing the activity in vitro at doses 5-100 yg/mL. In
addition, the derivatives were evaluated against epimastigote and trypomastigote forms of
Trypanosoma cruzi (1.23-100 pg/mL).

Results: It was found that 7a derivate imidazolidine and 5f thiazolidine caused a high efficiency in
terms of the mortality of S. mansoni (100%) in the first 24 hours of the experiment. In the
trypanocidal activity, the thiazolidine compounds 5f and 5h exhibited satisfactory activity through
their high effectiveness against the epimastigote (0.98 and 1.36 pg/mL) and trypomastigote (0.43
and 1.58 pg/mL) forms. Of the imidazolidine compound tested, derivative 7d stood out from the
others in terms of its activity against the trypomastigote form, with 1Csq of 1.26 pg/mL.

Conclusion: The imidazolidine and thiazolidine derivatives tested are potential schistosomicidal
and trypanocidal drugs, although more advanced experiments involving in vivo assays are still

required.

Keywords: Schistosoma mansoni; Trypanosoma cruzi; chemoteraphy.

1. INTRODUCTION

Schistosomiasis and Chagas disease, whose
etiological agents are the flatworm Schistosoma
mansoni and the protozoon Trypanosoma cruzi,
respectively, are parasitic diseases considered to
be neglected and poses serious public health
problems [1,2].

It is estimated that S. mansoni affects more than
597 million individuals around the world,
especially in Latin America, Africa and Central
America, while Chagas disease, according to the
Pan American World Organization is known to be
endemic, affecting around 10 million individuals
and possibly causing roughly 14,000 deaths per
year [3].

Schistosomiasis is still treated with praziquantel
(PZQ), a pyrazino-isoquinoline derivative, which
surpasses other schistosomicidal drugs in terms
of effectiveness against all existing species of
Schistosoma, and also has low toxicity for
patients and is inexpensive to produce [4,5].

However, the continuing use of PZQ has raised
controversy in various scientific studies of the
possible resistance or temporary tolerance of
strains of S. mansoni to this drug [6-8]. New
studies have thus sought to shed light on the

mechanism of action PZQ. Furthermore,
medicinal chemistry has also been stepping up
efforts to find new drugs that act on the various
stages in the biological cycle of the parasite,
since PZQ is only effective against the adult
worms of S. mansoni [9].

For Chagas disease, the specific chemotherapy
is based on benznidazole (Bzn) and nifurtimox
(Nf) [10]. These drugs require prolonged
treatment and are effective in the acute phase of
parasitic infection, are sometimes poorly
tolerated and exhibit limited effect in the chronic
phase of the disease, which is the clinical form
predominantly found in infected individuals
[10,11].

The reasons for problems relating to treatment of
T. cruzi are unknown, but there is evidence that
the factors involved with different methods for
evaluating treatment are susceptibility of the
strain to the drugs, incomplete administration of
treatment, and the immunological profile of the
host [12].

New alternative treatments that act more broadly
against parasitic infection are thus being
developed by synthesizing and characterizing
various compounds that are potential
schistasomicidal and trypanocidal drugs [13-17].
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This has given rise to the emergence of the
imidazolidines and thiazolidines, bioisostere
compounds which have a wide range of
biological properties, such as antitumor [18], anti-
inflammatory [19], antimicrobial [20], anti-
hypertensive [21], schistosomicidal [22] and
trypanocidal [16,17] activity.

As thiazolidines have properties similar to
imidazolidines, inhibiting epimastigote growth,
there is evidence that these compounds have the
capacity to interfere in the biosynthesis of
polyamine in the parasite and proteins involved
in the production of trypanothione [16,23].
Trypanothione is a molecule responsible for
reducing the oxidative stress the host puts on the
parasite and is also involved in increasing the
virulence of Chagas disease [24].

The mechanism of action of imidazolidines in
relation to S. mansoni may be related to its
action at the level of cholinergic receptors,
making it possible to reduce or paralyze the
motor activity of the parasite [25]. The
thiazolidines, on the other hand, proliferator-
activated receptor gamma agonists (PPARYy), are
related to the reduction of liver fibrosis in
individuals infected with schistosomiasis in the
chronic phase [26,27].

The present study thus aims to investigate the
schistosomicidal and trypanocidal activity of duly
synthesized and characterized thiazolidine and
imidazolidine derivatives by way of cytotoxicity
assays with spleen cells, tests with adult S.
mansoni worms and parasitic forms of T. cruzi as
a way of obtaining compounds that are
candidates for the treatment of both
Schistosomiasis and Chagas disease.

2. MATERIALS AND METHODS
2.1 Chemical

The thiazolidine (5a-h) and imidazolidine (7a-d)
compounds were obtained from the Chemistry
and Treatment Innovation Laboratory (LQIT) of
the Federal University of Pernambuco (Brazil)
and were duly identified using hydrogen nucleus
magnetic resonance and infrared (IR) absorption
spectroscopy. Scheme 1 shows the synthetic
route for obtaining the compounds of interest.
The starting reagents, imidazolidine-2,4-dione (1)
and thiazolidine-2,4-dione (2), reacted with
substituted benzyl halides under basic conditions
to obtain the intermediaries 3-(benzyl)-

imidazolidine-2,4-dione  (3) and 3-(benzyl)-
thiazolidine-2,4-dione (4) [28]. Compound 3 then
reacted with Lawesson’s reagent in anhydrous
dioxane to  produce  3-(benzyl)-4-thioxo-
imidazolidine-2-one (6). The reaction mixture
was heated under reflux for 24 hours [29].
Subsequently, 2-cyano-3-phenyl-acrilates [30],
reacted, by way of a Michael type addition, with
compounds 4 and 6, giving rise to the final
thiazolidine (5a-h) and imidazolidine (7a-d)
derivatives.

The reactions were monitored using analytical
thin layer chromatography on a 0.25-mm silica
gel plate (60F254, Merck, Germany) and viewed
under UV light (254 nm). Melting points were
determined using a Quimis 340.27 (Quimis,
Diadema, SP, Brazil) capillary melting point
apparatus and were not corrected. The infrared
spectra were registered on KBr pellets using a
Bruker IFS-66 IR (Bruker, USA)
spectrophotometer. Nuclear magnetic resonance
'H NMR and *C NMR spectra were registered
on a VMMRS 300/75 MHz VARIAN (Varian,
USA) spectrophotometer using tetramethylsilane
(TMS) as the internal standard and DMSO-d6 as
the solvent. Chemical shifts (5, ppm) were
assigned according to the internal standard
signal of TMS in DMSO-d6 (5, ppm). Coupling
constants (J) are reported in Hz. "H NMR spectra
are reported in the following order: chemical shift,
multiplicity, number and type of proton and
coupling constant(s). Mass spectra with MALDI-
TOF Autoflex Il (Bruker Daltonics, Billerica, MA,
USA). Laser Nd: YAG, 355 nm. Freq. laser: 100
Hz. Derivatives 5a-h and 7a-d were isolated as
single isomers. X-ray crystallographic studies
and "®C NMR demonstrated a preference for the
Z configuration in 5-benzylidene-thiazolidinones
[31-35]. The presence of the arylidene proton
peak in 'H NMR for the synthesized derivatives
confirmed the completion of the nucleophilic
addition reaction. The compound was also
confirmed by MS data in negative mode. The IR
spectrum of the compound showed the
characteristic peaks of the carbonyl group and
arylidene. Compounds 5a-h and 7a-d, were
prepared using equimolar quantities of reagents
in the presence of absolute ethyl alcohol (8 mL)
as a solvent and morpholine (1 mL) as a catalyst.
The reaction mixture was heated to 50°C for 8
hours and then cooled to room temperature. The
solid precipitate was filtered under a vacuum and
washed with water and absolute ethanol to form
the final compounds.
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Scheme 1. Synthesis of thiazolidine and imidazolidine derivative candidates for
schistosomicidal and trypanocidal drugs. Reagents and conditions: (a) NaOH, absolute
ethanol, reflux, 48 hours; (b) Lawesson’s reagent, anhydrous 1,4-dioxane, reflux, 24 hours; (c)
2-cyano-3-phenyl-acrylates, absolute ethanol, morpholine, reflux, 8 hours

2.2 Biological Activity

2.2.1 Toxicity to mouse splenocytes

BALB/c mouse splenocytes were placed into a
96-well plate at a cell density of 5 x 10° cells/well
in RPMI-1640 medium supplemented with 10%
of FCS and 50 ug mL”" of gentamycin. Each
compound was tested at five concentrations in
triplicate. An aliquot of test inhibitor suspended in
DMSO was added to each well and to wells only
containing solvent (untreated cells). The plate
was incubated for 24 h at 37°C and 5% CO..
After incubation, [3H]-thymidine was added to
each well and the plate was returned to the
incubator. The plate was then transferred to a

beta-radiation counter and the percentage of
[3H]-thymidine was determined. Cell viability was
measured as the percentage of [3H]-thymidine
incorporation for treated cells in comparison to
untreated cells.

2.2.2 Parasites and definitive hosts

Infection of each mouse was performed
percutaneously using 100 S. mansoni cercariae
(Strain LE - Belo Horizonte) from Biomphalaria
glabrata freshwater snails maintained at
Departamento de Malacologia do Centro de
Pesquisa Aggeu Magalhdes (CPgAM). Fifty
albino Swiss mice (Mus musculus) (25 days of
age) were used. After 60 days, a parasitological
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examination of the feces of the mice was
conducted to provide a positive identification of
infection. For the anti-Trypanosoma cruzi activity
(epimastigote and trypomastigote) were utilized
Dm28c strain. This study was approved by the
Animal Ethics Committee of the Centro de
Pesquisa Aggeu Magalhdes/Fundacdo Oswaldo
Cruz (CPgAM/FIOCRUZ) and authorized by
license no. 38/2012.

2.2.3 Anti-Schistosoma mansoni activity

Adult S. mansoni worms were obtained from
mice after 60 days of infection. The animals were
intraperitoneally anesthetized with ketamine
hydrochloride (115 mg/kg) in combination with
xylazine hydrochloride (10 mg/kg). After
anesthesia, the animals were subjected to
perfusion of the hepatic portal vein to remove the
worms, which were then separated on Petri
dishes with 0.85% saline, counted and
categorized according to the gender and vitality.

The parasites removed from the infected mice
were washed with a medium (RPMI-1640
containing 20 mM HEPES pH 7.5, 100 Ul/mL
penicillin, 100 pg/mL streptomycin and 10%
FBS). After washing, the adult worms were
transferred to tissue culture plates containing 2
mL of medium. Each well received two worms
and all wells were incubated at 37°C in a 5% CO,
humidified atmosphere. After a 2-hour period of
adaptation to the environment, the imidazolidine
and thiazolidine derivatives were added at
concentrations of 100 pg/mL, 80 pg/mL, 40
pg/mL, 20 pg/mL, 10 pg/mL and 5 yg/mL. The
parasites were kept in culture for 6 days and
monitored every 24 hours for evaluation of their
motility, mortality and tegumental changes. PZQ
was the standard drug for the experiment
(positive control). The worms from the negative
control group were treated only with dimethyl
sulfoxide (DMSO) in an RPMI medium. The
motility of the parasites was analyzed and scored
according to the criteria proposed by Horiuchi et
al. [36]. The scoring system was as follows: 3 -
normal body movement; 1.5 - partial body
movement; and O - dead.

2.2.4 Anti-Trypanosoma cruzi activity
(epimastigotes)

Epimastigotes (Dm 28 c¢) in LIT media were
counted in a hemocytometer and then seeded

10° cells/well in a 96-well plate. Compounds
were dissolved in DMSO and then diluted in LIT
medium in a serial dilution (1.23,3.70,11.11,
33.33 and 100 mg/mL) and added to respective
wells, in triplicate. The final DMSO concentration
in the plate was 1%. The plate was incubated for
5 days at 26°C, aliquots of each well were
collected, and the number of viable parasites
counted in a Neubauer chamber and compared
to the untreated parasite culture. The inhibitory
concentration for 50% (ICsy) was calculated
using nonlinear regression on Prism 4.0
GraphPad software. Benznidazole and nifurtimox
were used as the reference drugs.

2.2.5 Anti-Trypanosoma cruzi activity
(trypomastigotes)

Metacyclic trypomastigotes were collected from
the supernatant of infected LLC-MK2 cells and
then seeded in 4 x 10° cells/well in an RPMI-
1640 medium. All compounds were dissolved in
DMSO and then serially diluted in RPMI-1640
medium (1.23, 3.70, 11.11, 33.33 and 100
mg/mL) and added to the respective wells, in
triplicate. The final DMSO concentration was 1%.
The plate was incubated for 24 h at 37°C and 5%
CO,. Aliquots of each well were collected and the
number of viable parasites was counted in a
Neubauer chamber. The percentage of inhibition
was calculated in relation to untreated cultures.
The cytotoxic concentration for 50% (CCso)
calculation was also carried out using nonlinear
regression on Prism 4.0 GraphPad software.
Benznidazole and nifurtimox were used as the
reference drugs.

3. RESULTS AND DISCUSSION

3.1 Physicochemical Characterization of
Thioxo-Imidazolidines and
Thiazolidin-2, 4-Diones Derivatives

The table below shows the physical-chemical
characterization of the compounds evaluated in
this study (Table 1). You can see that all the
compounds showed satisfactory reaction yields
demonstrating the effectiveness of the employed
synthetic route. Regarding the characterization,
the structures were confirmed by methods such
as nuclear magnetic resonance (NMR 'H and
3C) and infrared (IR).
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Table 1. Physicochemical characteristics of thiazolidines and imidazolidines derivatives with
potential schistosomicidal and trypanocidal activity

Y,
2
R4 ’go
Compound X Y R R, M.p.* (°C) Yield R{**
5a S o] ! 239-41 45% 0.68;6:4
\
F H
5b S (@) ! 244-46 51% 0.54;6:4
B
\
F H
5c S o] /\Cfl 258-60 45% 0.61;6:4
\
Cl [: :I ;
H
5d S (0] /\@(| 280-82 72%  0.55;6:4
B : 3
\
Cl
H
5e S (0] £ 245-47 56%  0.64;6:4
e \
5f S (0] £ 259-61 44% 047;64
B
0 :
F H
59 S (0] f\©\ 180-82 46% 0.5;6:4
Br : 3
\
SCH;
H
5h S (0] [\©\ 210-11 40% 0.55;6:4
\
SCH; [ ):I;
H
7a NH S 1 269 26% 0.52; 1:1
O \
F H
7b NH S ! j\©\ 217 71%  0.53;7:3
] OCH,CH;,
7c NH S ! 207-08 43% 0.6; 1:1
B
\
F H
7d NH S ! /\©\ 202-03 65% 0.7;6:4
SCH;
F

*M.p.: Melting point; **Ry: Retention factor on eluting system n-hexane/ethyl acetate 6:4
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3.1.1 5-((1H-indol-3-yl)methylene)-3-(2-chloro-
6-fluorobenzyl) thiazolidine-2, 4-dione

(5a)

IR (KBr, cm™): 1449, 1668, 1726, 3241. NMR 'H
400 MHz (d ppm, DMSO-dg): 4.96 (s, 2H, CH,),
7.32 (d, 2H, indole, J= 8 Hz), 7.38 (t, 1H, benzyl,
J= 6.4 Hz), 7.40 (t, 2H, benzyl, J= 8 Hz), 7.50 (d,
1H, indole, J= 8 Hz), 7.79 (s, 1H, CH), 7.88 (d,
1H, indole, J= 8 Hz), 8.16 (s, 1H, CH/indole),
12.19 (s, 1H, NH). NMR "*C (100 MHz, DMSO-
de): 37.06, 110.40, 112.46, 113.13, 114.72,
118.39, 120.77, 121.20, 123.17, 125.65, 126.01,
126.80, 129.14, 130.62, 134.19, 136.22, 162.71,
164.84, 166.36.

3.1.2 5-((5-bromo-1H-indol-3-yl) methylene)-3-
2-chloro-6-fluorobenzyl) thiazolidine-2

4-dione (5b)

IR (KBr, cm™): 1601, 1678, 1733, 3296. NMR 'H
400 MHz (d ppm, DMSO-dp): 4.97 (s, 2H, CHy),
7.23 (t, 1H, benzyl, J= 9.6 Hz), 7.33 (d, 1H, J=
8.4, benzyl), 7.34 (s, 1H, indole), 7.39 (m, 1H,
indole), 7.45 (d, 1H, J= 8.4, benzyl), 7.82 (s, 1H,
CH), 8.17 (d, 1H, indole, J= 4.4 Hz), 12.30 (s,
1H, NH). NMR "®C (100 MHz, DMSO-de): 37.09,
110.09, 113.99, 114.45, 114.68, 120.70, 120.86,
121.18, 125.58, 125.72, 128.63, 130.06, 130.50,
130.59, 134.22, 134.92, 162.69, 164.67, 166.22.

3.1.3 5-((1H-indol-3-yl) methylene)-3- (3, 4-
dichlorobenzyl) thiazolidine-2, 4-dione

(5¢)

IR (KBr, cm™): 1593, 1672, 1729, 3250. NMR 'H
400 MHz (d ppm, DMSO-de): 4.83 (s, 2H, CHy),
7.20 (t, 1H, benzyl, J= 8 Hz), 7.26 (t, 1H, benzyl,
J= 8 Hz), 7.29 (dd, 1H, benzyl, J;= 8.4 Hz, J,=
1,6), 7.51 (d, 1H, indole, J= 8 Hz), 7.61 (d, 2H,
indole, J= 8.4 Hz), 7.82 (s, 1H, CH), 7.91(d, 1H,
indole, J= 8 Hz), 8.22 (s, 1H, indole), 12.21 (s,
1H, NH). NMR "C (100 MHz, DMSO-d,): 43.35,
110.43, 112.49, 113.34, 118.43, 121.25, 123.21,
126.37, 126.79, 127.98, 129.32, 129.85, 130.44,
130.88, 131.15, 136.26, 136.88, 165.36, 167.20.

3.1.4 5-((5-bromo-1H-indol-3-yl) methylene)-3-
(3,4-dichlorobenzyl) thiazolidine-2, 4-
dione (5d)

IR (KBr, cm™): 1603, 1672, 1727, 3399. NMR 'H
400 MHz (d ppm, DMSO-dq): 4.83 (s, 2H, CHy),
7.29 (dd, 1H, benzyl, J;= 8.4 Hz, J,= 2Hz), 7.35
(dd, 1H, benzyl, J,= 8.4 Hz, J,= 1.6 Hz), 7.46 (d,

1H, benzyl, J= 8.8 Hz), 7.59 (d, 1H, indole, J=
1.2 Hz), 7.61 (s, 1H, indole), 7.84 (s, 1H, CH),
8.18 (d, 1H, indole, J= 1.6 Hz), 8.22 (s, 1H,
indole), 12.03 (s, 1H, NH). NMR "*C (100 MHz,
DMSO-dp): 43.37, 110.14, 113.93, 114.21,
114.44, 121.21, 125.75, 126.11, 127.98, 128.64,
129.86, 130.26, 130.46, 130.86, 131.15, 135.00,
136.81, 165.24, 167.10.

3.1.5 5-((1H-indol-3-yl) methylene)-3- (2, 6-
difluorobenzyl) thiazolidine-2, 4-dione

(5e)

IR (KBr, cm™): 1593, 1672, 1729, 3314. NMR 'H
400 MHz (d ppm, DMSO-dq): 4.91 (s, 2H, CHy),
7.09 (t, 2H, benzyl, J= 8 Hz), 7.19 (t, 1H, indole,
J= 7.2 Hz), 7.25 (t, 1H, indole, J= 7.2 Hz), 7.41
(9, 1H, benzyl, J= 8 Hz), 7.51 (d, 1H, indole, J= 8
Hz), 7.89 (d, 1H, indole, J= 8 Hz), 7.79 (s, 1H,
CH), 8.18 (s, 1H, CH/indole), 12.19 (s, 1H, NH).
NMR C (100 MHz, DMSO-dq): 33.34, 110.35,
111.10, 111.44, 111.69, 112.39, 113.12, 118.33,
121.14, 123.11, 126.02, 126.74, 129.10, 130.32,
136.18, 159.69, 162.16, 164.71, 166.29.

3.1.6 5-((5-bromo-1H-indol-3-yl) methylene)-3-
2.6-difluorobenzyl) thiazolidine-2, 4-
dione (5f)

IR (KBr, cm™): 1598, 1669, 1728, 3297. NMR 'H
400 MHz (d ppm, DMSO-dg): 4.91 (s, 2H, CHy),
7.09 (t, 1H, benzyl, J= 8.4 Hz), 7.35 (d, 1H,
indole, J= 8.4 Hz), 7.41 (t, 1H, benzyl, J= 8.4
Hz), 7.45 (d, 1H, indole, J= 8.4 Hz), 7.81 (s, 1H,
CH), 8.15 (s, 1H, indole) 8.18 (s, 1H, indol),
12.30 (s, 1H, NH). NMR ™C (100 MHz, DMSO-
de): 33.49, 110.06, 110.88, 111.07, 111.25,
111.50, 111.69, 113.85, 114.00, 114.33, 121.15,
125.75, 128.60, 130.34, 134.91, 159.70, 162.17,
164.59, 166.20.

3.1.7 5-((5-bromo-1H-indol-3-yl) methylene)-3-
(4-(methylthio)benzyl) thiazolidine-2, 4-
dione (59)

IR (KBr, cm™): 1603, 1659, 1731, 3430. NMR 'H
400 MHz (d ppm, DMSO-dg): 2.41 (s, 3H, SCH);
4.75(s, 2H, CH,); 7.22 (q, 4H, benzyl, J= 8.8 Hz);
7.33 (dd, 1H, indole, J;= 8.4 Hz, J,= 1.6 Hz);
7.43 (d, 1H, indole, J= 8.4 Hz); 7.81 (s, 1H, CH);
8.16 (d, 1H, indole, J= 1.6 Hz); 8.19 (s, 1H,
indole); 12.31 (s, 1H, NH). NMR "*C (100 MHz,
DMSO-dq): 14.64, 44.08, 110.13, 113.91, 114.28,
114.39, 121.21, 125.73, 125.92, 126.07, 128.44,
128.62, 130.15, 132.33, 134.95, 137.79, 165.25,
166.96.
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3.1.8 5-((1H-indol-3-yl) methylene)-3-(4-
(methylthio) benzyl) thiazolidine-2, 4-
dione (5h)

IR (KBr, cm™): 1596, 1662, 1729, 3412. NMR 'H
400 MHz (d ppm, DMSO-dg): 2.43 (s, 3H, SCHs);
4.77 (s, 2H, CH,); 7.19 (d, 2H, indole, J= 8 Hz);
7.24 (q, 4H, benzyl, J= 8 Hz); 7.51 (d, 1H, indole,
J= 8 Hz); 7.89 (s, 1H, CH); 7.90 (d, 1H, indole,
J= 7.6 Hz); 8.21 (s, 1H, indole); 12.22 (s, 1H,
NH). NMR *C (100 MHz, DMSO-ds): 14.64,
44.06, 110.43, 112.46, 113.39, 118.40, 121.21,
123.17, 126.07, 126.18, 126.78, 128.45, 129.20,
132.38, 136.22, 137.78, 165.37, 167.06.

3.1.9 4-((1H-indol-3-yl) methylene)-1-(2-
chloro-6-fluorobenzyl) -5-thioxoimidazo-

lidin-2-one (7a)

IR (KBr, cm™): 1525, 1637, 1720, 3445. NMR 'H
(400 MHz, DMSO-dg): 5.06 (s, 2H, CH,), 7.15-
7.22 (m, 2H, benzyl), 7.28-7.32 (m, 1H, benzyl),
7.36 (s, 1H, CH), 7.43-7.47 (m, 1H, indole), 7.58-
7.61 (m, 1H, indole), 7.74-7.76 (m, 1H, indole),
8.29 (d, 1H, indole, J= 3 Hz), 8.32 (d, 1H, indole,
J= 2.1 Hz), 10.93 (s, 1H, NH/imidazolidine),
12.14 (s, 1H, NH/indole). NMR *C (100 MHz,
DMSO-ds): 120.73, 120.83, 122.70, 125.43,
127.14, 127.14, 127.9, 128.46, 129.54, 129.66,
129.94, 133.85, 135.82, 135.92, 152.47, 154.79,
159.89, 162.36, 179.88, 186.09.

3.1.10 1-(2-chloro-6-fluorobenzyl)- 4- (4-
ethoxybenzylidene)- 5-thioxoimidazo-

lidin-2-one (7b)

IR (KBr, cm™): 1510, 1595, 1731, 3227. NMR 'H
(300 MHz, DMSO-dg): 1.33 (t, 3H, CHs, J= 6.6
Hz), 4.09 (g, 2H, OCH,, J= 6.9 Hz), 5.16 (s, 2H,
CH,), 6.94 (1H, s, CH), 6.97 (d, 2H, ArH, J=
8.7Hz), 7.15-7.21 (m, 1H, benzyl), 7.29-7.40 (m,
2H, benzyl), 7.66 (d, 2H, ArH, J= 9.3 Hz), 11.17
(s, 1H, NH). NMR "™C (75 MHz, DMSO-dy):
14.53, 63.33, 114.41, 114.72, 114.95, 115.96,
120.45, 120.65, 125.26, 125.56, 130.09, 130.21,
131.46, 132.01, 134.03, 155.27, 159.50, 162.85,
187.97.

3.1.11_4-((5-bromo-1H-indol-3-yl) methylene)-
1-(2-chloro-6-fluorobenzyl)- 5-thioxo-

imidazolidin-2-one (7¢)

IR (KBr, cm™): 1510, 1638, 1721, 3457. NMR 'H
(300 MHz, DMSO-dq): 5.18 (s, 2H, CH,); 7.18-
7.22 (m, 1H, benzyl), 7.29-7.39 (m, 2H, benzyl),
7.37 (d, 1H, ArH, J= 8.4 Hz), 7.42 (s, 1H, indole),
7.44 (d, 1H, benzyl, J= 8.7 Hz), 7.46 (s, 1H,
indole), 7.92 (s, 1H, CH), 10.90 (s, 1H, NH/

imidazolidine), 12.27 (s, 1H, NH/indole). NMR
3C (75 MHz, DMSO-de): 108.19, 109.55, 113.90,
114.70, 115.19, 121.00, 121.37, 125.83, 126.03,
129.44, 130.09, 130.49, 130.61, 134.41, 135.19,
155.41, 160.02, 163.33, 186.77.

3.1.12 1-(2-chloro-6-fluorobenzyl) -4 -(4-

(methylthio) benzylidene)-5-thioxo-

imidazolidin-2-one (7d)

IR (KBr, cm™): 1588, 1640, 1725, 3207. NMR 'H
(400 MHz, DMSO-de): 2.50 (s, 3H, SCH3); 5.15
(s, 2H, CH,); 6.90 (s, 1H, CH); 7.17 (m, 1H,
benzyl); 7.29 (d, 2H, ArH, J= 8.4 Hz); 7.32-7.39
(m, 1H, benzyl); 7.62 (d, 2H, ArH, J= 8 Hz);
11.23 (s, 1H, NH) NMR '°C (100 MHz, DMSO-
de): 14.11, 114.24, 114.46, 114.69, 120.43,
120.57, 125.59, 129.17, 130.14, 130.25, 130.42,
132.56, 133.98, 134.03, 140.55, 155.35, 159.96,
162.45, 188.11.

3.2 Effect of New Compounds on Adult S.
mansoni Survival

The cytoxicity of the thiazolidine (5a-d) (Table 2),
(5e-h) (Table 3) and imidazolidine (7a-d)
(Table 4) compounds tested were found to be
less cytotoxic than praziquantel (<1 pg/mL).
Twelve derivatives containing thiazolidine and
imidazolidine nuclei were  tested for
schistosomicidal properties (Table 2 and 3).
Throughout the 144 hours of observation, all the
adult S. mansoni worms incubated in absence of
any drug (negative control group) and exhibited
the typical wavy and peristaltic movement along
the body axis, with occasional adherence to the
bottom of the culture plate by the ventral sucker
(score=3). Compounds were evaluated at a
concentration of 5 to 100 pyg/mL every 24 h for a
period of 144 h, and the mortality, motility, and
egg-laying of worms were observed.

Derivative 7a showed the greatest effectiveness
of the imidazolidine compounds tested in terms
of mortality (score=0) of parasites (100%) after
the sixth hour subsequent to administration (100
pg/mL) and was lethal (score=0) to the worms at
other concentrations (5,10,20,40 e 80 ug/mL)
within the first 24 hours of observation. All tests
with compound 7c showed a low mortality level
for S. mansoni, reaching only 40% lethality
(score=0) at a concentration of 100 yg/mL on the
sixth day of observation, while the other
concentrations were capable only of reducing the
motility of the parasites (score=1.5).

The administration of compounds 7a and 7c
acted directly on the normal physiology of the
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parasites, which were not capable of laying eggs
and were found to be incapable of mating or
using their suckers. In vitro tests using 7b and 7d
produced no results in terms of mortality, motility
and egg-laying in any of the adult S. mansoni
worms (score=3).

Of the thiazolidine compounds, the 5f derivative
caused the death of all the parasites at a dose of
100 pg/mL (score=0) in the first 24 hours of the
experiment. This mortality rate remained
unchanged at doses of 80 (48 hours), 40 (96
hours) and 20 yg/mL (144 hours) over the days
of the evaluation. 5d also killed 100% (score=0)
of worms at doses of 100 and 80 pg/mL after 48
hours of evaluation. 5 g achieved the maximum
mortality rate (score=0) after 72 hours at the
highest dose used in the experiments. The last
compound (5b), which has the same substitution
profile, achieved 100% mortality only at the
highest dose (100 pg/mL) after 120 hours of
exposure. The other compounds evaluated (5c,
5e and 5h) could be found only to alter the
motility of parasites (score=1.5), except for 5a,
which caused 83.33% mortality after 144 hours
of observation. Similarly to evidenced with
imidazolidine compounds (7a-d), the
thiazolidines derivatives (5a-h) were also able to

interfere with the egg laying and adherence of
the suckers.

By contrast, the worms exposed to the
antischistosomal drug of choice, praziquantel
(positive control group), exhibited severe muscle
contraction with partial movements or remained
immobile but alive (score=1.5). This occurred
immediately  subsequent to  praziquantel
administration. During the first 24 hours of
praziquantel treatment all doses killed 100% of
worms (score=0).

3.3 Effect of New Compounds on T. cruzi
Survival

Compounds 7a-d and 5a-h were evaluated
against epimastigotes and trypomastigotes of
T. cruzi. Antiparasitic activity was determined by
counting the parasite number in a Neubauer
chamber and calculating the concentration of the
test compound resulting in 50% inhibition (ICsy,
epimastigotes) or 50% cytotoxicity (ICs,
trypomastigotes). Benznidazole was used as the
reference antiparasitic drug and exhibited an ICs
of 12.7 and 1.63 pug/mL against trypomastigotes
and epimastigotes, respectively.

Table 2. Cytotocity and percentage of mortality and motility of the adult S. mansoni worms
from thiazolidines derivatives 5a-5d

Compound Time Concentration (ug.mL™) Cytotoxicity
100 80 40 20 10 5 (ng.mL™")
Mortality and motility (%)
5a 24 h 0 0 0 0 0
48 h 0 0 0 0 0
72h 33.3 0 0 0 0
96 h 41.6 33.3 0 0 0 0 10
120 h 50 50 41.6 8.3 0 0
144 h 83.3 50 41.6 25 8.3 0
5b 24 h 8.3 8.3 0 0 0 0
48 h 33.3 33.3 16.6 8.3 8.3 0
72h 50 50 41.6 33.3 25 0
96 h 50 50 41.6 41.6 25 0 5
120 h 100 66.7 58.3 58.3 50 16.7
144 h 100 83.3 66.7 66.7 50 33.3
24 h 0 0 0 0 0 0
48 h 0 0 0 0 0 0
5c 72 h 0 0 0 0 0 0
96 h 8.3 0 0 0 0 0 50
120 h 16.7 16.7 16.7 16.7 0 0
144 h 25 25 16.7 16.7 0 0
24 h 25 25 8.3 8.3 0 0
48 h 100 100 50 8.3 0 0
5d 72h 100 100 75 33.3 0 0 5
96 h 100 100 100 66.7 0 0
120 h 100 100 100 83.3 0 0
144 h 100 100 100 100 0 0
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As a cut-off, compounds with 1Csy equivalent to
that of benznidazole against trypomastigotes and
epimastigotes were considered potent anti-
T. cruzi compounds. The results are reported in
Table 5.

Antiparasitic activity against trypomastigotes and
epimastigotes was analyzed. The imidazolidine
derivative 7a, with an indole group substitute,
was active but less potent than benznidazole.
Compound 7b, with an ethoxy group, exhibited a
high level of ftrypanocidal activity against
epimastigote forms but produced no results
against trypomastigotes. The 7c derivate, which
has a bromoindole substitute, exhibited no
significant activity in for either of the forms
tested. However, 7d (methylsulfanyl), despite not
being active against epimastigote forms, was
found to be a potent compound anti-T. cruzi
compound against trypomastigote forms (ICso=
1.26 pg/mL).

The thiazolidine derivate compounds 5a (indole;
2-chloro, 6-fluoro), 5c (indole; 3, 4-dichloro), 5d
(bromo-indole; 3, 4-dichloro), 5e (indole; 2,6-
difluoro) and 5g (bromo-indole, methylsulfanyl)

did not exhibit satisfactory trypanocidal activity
against epimastigote and trypomastigote forms,
compared to the reference compound
benznidazole. However, derivative 5b (bromo-
indole; 2-chloro, 6-fluoro) produced a good
result, but only against the epimastigote forms,
with an 1Csy of 2.89 pg/mL. Compounds 5f
(bromo-indole, 2,6-difluoro) and 5h (indole;
methylsulfanyl) exhibited very promising activity
a more efficient performance against both
epimastigotes and  trypomastigotes than
benznidazole, with ICs, values lower than 12.7
pg/mL  (epimastigotes) and 1.63 pg/mL
(trypomastigotes).

Imidazolidines and thiazolidines are bioisostere
compounds that have been proposed as drugs
with a potential to combat Schistosomiasis and
Chagas disease. The action of these molecules
on the adult S. mansoni and T. cruzi parasites
has been studied and produced promising results
[15-17]. Although some studies have been
conducted to discover how imidazolidines and
thiazolidines act on the mortality, motility and
egg-laying ability of parasites, the action
mechanism has still not been explained.

Table 3. Cytotocity and percentage of mortality and motility of the adult S. mansoni worms
from thiazolidines derivatives 5e-5h

Compound Concentration (ug.mL™") Cytotoxicity
Time 100 80 40 20 10 5 (ng.mL™")
Mortality and motility (%)
24 h 8.3 8.3 8.3 0 0 0
48 h 8.3 8.3 16.7 0 0 0
72 h 16.7 8.3 16.7 0 0 0 >100
5e 96 h 16.7 8.3 25 16.7 0 0
120 h 16.7 8.3 25 25 0 0
144 h 16.7 25 33.3 33.3 0 0
24 h 100 83.3 50 50 0 0
48 h 100 100 91.7 58.3 16.7 0
72 h 100 100 100 75 25 0 1
5f 96 h 100 100 100 91.7 66.7 0
120 h 100 100 100 91.7 75 8.3
144 h 100 100 100 100 83.3 8.3
24 h 0 0 0 0 0 0
48 h 33.3 33.3 16.7 8.3 0 0
59 72 h 100 83.3 58.3 16.7 0 0
96 h 100 100 91.7 50 0 0 10
120 h 100 100 100 75 0 0
144 h 100 100 100 91.7 0 0
24 h 0 0 0 0 0 0
48 h 0 0 0 0 0 0
5d 72 h 0 0 0 0 0 0 10
96 h 0 0 0 0 0 0
120 h 16.7 8.3 0 0 0 0
144 h 25 16.7 16.7 0 0 0
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Table 4. Cytotocity and percentage of mortality and motility of the adult S. mansoni worms
from imidazolidines derivatives 7a-7d

Compound Concentration (ug.mL"”) Cytotoxicity
Time 100 80 40 20 10 5 (ug.mL™")
Mortality and motility (%)
24 h 100 100 100 100 100 100
48 h 100 100 100 100 100 100
72h 100 100 100 100 100 100
7a 96 h 100 100 100 100 100 100 5
120 h 100 100 100 100 100 100
144 h 100 100 100 100 100 100
24 h 0 0 0 0 0 0
48 h 0 0 0 0 0 0
72h 0 0 0 0 0 0
7b 96 h 0 0 0 0 0 0 25
120 h 0 0 0 0 0 0
144 h 0 0 0 0 0 0
24 h 0 10 0 0 0 0
48 h 10 10 0 0 0 0
7c 72h 10 10 0 0 0 0
96 h 10 10 16,6 0 0 0 5
120 h 30 10 33,3 0 0 0
144 h 40 30 33,3 0 0 0
24 h 0 0 0 0 0 0
48 h 0 0 0 0 0 0
7d 72 h 0 0 0 0 0 0
96 h 0 0 0 0 0 0 25
120 h 0 0 0 0 0 0
144 h 0 0 0 0 0 0

Table 5. Trypanocidal activity of thiazolidines and imidazolidines compounds against

epimastigote and trypomastigotes forms

Compound Trypanocidal activity ICs, (ug.mL™)

Epimastigote (Cepa Dm 28c) Trypomastigote
(Cepa )

5a 21.15 7.0

5b 2.89 7.3

5c 27.7 5.0

5d 27.7 5.96

5e ND** 6.0

5f 0.98 0.43

5g 6.65 ND**

5h 1.36 1.58

7a 25.36 10.11

7b 2.11 21.71

7c 32.59 20.05

7d 27.24 1.26

Benznidazole 12.7 1.63

Nifurtimox 1.64 0.79

ICs0: Represents the concentration required to give 50% inhibition; **ND: means not determined, because the lack of

However, there is evidence that imidazolidines
act on the cholinergic receptors causing flaccid
paralysis that leads to the death of S. mansoni
[25,37,38]. On the other hand, other studies
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report the activity of imidazolidine derivatives
interfering in the biosynthesis of polyamines of
T. cruzi and affecting their mitochondrial integrity
[23,16].
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The difference in therapeutic potential observed
in the imidazolidine and thiazolidine derivatives
tested may result from variation in the radicals
present in the chemical structures of each
compound. Starting out from an imidazolidine
structural skeleton, the following substituents
were added indole (7a), ethoxy (7b), bromo-
indole (7c), methyl-sulfanyl (7d). In the case of
the thiazolidine compounds, the substituents to
the molecular skeleton were 5a (indole; 2-chloro,
6-fluoro), 5b (bromo-indole; 2-chloro, 6-fluoro),
5c (indole; 3,4-dichloro), 5d (bromo-indole; 3,4-
dichloro), 5e (indole; 2,6-difluoro) 5f (bromo-
indole, 2,6-difluoro), 5g (bromo-indole, methyl-
sulfanyl) and 5h (indole; methyl-sulfanyl). Of the
four imidazolidine derivatives tested in vitro,
compound 7a exhibited greater schistosomicidal
activity, causing a mortality rate of 100% in the
first 24 hours. The same occurred with the
thiazolidine compound 5f, with indole and the
halogens fluorine and bromine on its structure,
producing 100% mortality in the first 24 hours of
contact with S. mansoni parasites.

The indole radical is of great importance in the
structure of the molecule, since it possesses a
wide range of properties associated with this
heterocyclic, such as anti- fungal [39]; anti-
inflammatory [40] and anti-tuberculosis activity
[41]. The indole radical is also a bioisostere of
quinoline, as structure found in trioxaquines and
mefloquine, which have schistosomicidal
properties, as proved by the high level of
mortality of adult S. mansoni worms [42-45].

Likewise, it is possible to draw an analogy
between mefloquine, trioxaquine and indole on
the grounds that the structure of trioxaquines has
a chlorine atom and, in mefloquine, a
trifluoromethyl radical directly linked to the
quinolone nucleus, just as, in the compounds
evaluated here that produced the best results, a
bromine atom is attached to the indole nucleus.
The presence of this electronegative/electron-
stripping substituent on the heterocyclic ring
significantly changes the results of the present
study.

The presence of the indole substituent and halide
compounds such as bromine and chlorine can be
seen in studies of anti-T. cruzi activity against
trypomastigote, epimastigote and amastigote
forms, with promising results when using
imidazolidine compounds NN-52 (3-indole; 4-
nitrobenzyl), NN-100 (3-indole; 4-bromobenzyl)
and the thiazolidine derivative SF-29 (5-(3,4-
dichlorobenzylidene)-3-  (4-nitrobenzyl)  -thia-

zolidine-2,4-dione) [16,17]. The incorporation of
halogens as substituents makes the derivative
more lipophilic and hence less soluble in water
[46]. This factor may help to increase the activity
of imidazolidine and thiazolidine derivatives with
halogenated substituents in their structure, as
can be seen in the present study in the case of
derivative 5b (bromo-indole; 2-chloro, 6-fluoro)
which produced a good outcome against
epimastigote forms, as was also the case in
assays with the 5f (bromo-indole, 2,6-difluoro)
and 5h (indole; methyl-sulfanyl) compounds,
which proved to be promising in terms of high
effectiveness  against  epimastigote and
trypomastigote forms, being more active than
benznidazole.

Benznidazole is the trypanocidal drug currently
used as the main treatment of Chagas disease,
as praziquantel is for Schistosomiasis. However,
these drugs have a limited chemotherapeutical
effect, in so far as benznidazole is effective only
during the acute phase of infection and has
various side-effects and praziquantel is only
active against the adult forms of S. mansoni,
having no effect on immature forms, in addition
to the fact that there a possible cases of resistant
strains around the world [6,10,11].

There is therefore a need to search for new

broad-spectrum schistosomicidal and
trypanocidal drugs. The promising results
obtained in the present study suggest that

imidazolidines and thiazolidines are strong
candidates for use as drugs against these
parasites that pose a great risk to public health.
However, there is still a need for further in vivo
and more in-depth studies of their mechanism of
action.

4. CONCLUSION

The imidazolines and thiazolidines compounds
evaluated in this study highlight schistosomicidal
and trypanocides activities satisfactory. The
compounds 7a imidazolidine and 5f thiazolidine
caused a high efficiency in terms of the mortality
of S. mansoni (100%) in the first 24 hours of the
experiment. In the trypanocidal activity, the
thiazolidine compounds 5f and 5h exhibited
satisfactory  activity through  their  high
effectiveness against the epimastigote (0.98 and
1.36 pg/ml) and trypomastigote (0.43 and 1.58
pg/ml) forms. Of the imidazolidine compound
tested, derivative 7d stood out from the others in
terms of its activity against the trypomastigote
form, with icsp of 1.26 pg/ml. Thereby, the results
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of this study lead to the conclusion that the
imidazolidine and thiazolidine derivatives tested
are potential schistosomicidal and trypanocidal
drugs, although more advanced experiments
involving in vivo assays are still required.

CONSENT

The present study did not involve patients.

ETHICAL APPROVAL

This project was approved by the Animal Ethics
Committee from Centro de Pesquisa Aggeu
Magalhdes/ Fundagdo Oswaldo Cruz (CPqAM/
FIOCRUZ) and authorized by the license no.
21/2011.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Timm BL, Silva PB, Batista MM, Silva
FHG, Silva CF, Tidwell RR, Patrick DA,
Jones SK, Bakunov SA, Bakunova SM,
Soeiro MNC. In vitro and In vivo biological
effects of novel arylimidamide derivatives
against Trypanosoma cruzi. Antimicrob
Agents Chemother. 2014;3720-26.
Who-World Health Organization.
Schistosomiasis. Media Centre Fact Sheet.
2012;115.

Who-World Health Organization. Chagas
disease  (American  trypanosomiasis);
2013. Accessed 20 december 2014.
Available:who.int/mediacentre/factsheets/f
s340/en/.2013

Tallima H, Ridi R. Praziquantel binds
Schistosoma mansoni adult worm actin. Int
J Antimicrob Agents. 2007;29:570-75.
Gonnert R, Andrews P. Praziquantel a new

broad-spectrum antischistosomal agent.
Parasitol Res. 1977;52:129-50.

Doenhoff MJ, Cioli D, Utzinger J.
Praziquantel: Mechanisms of action,

new derivatives for
Curr Opin Infect Dis.

resistance and
schistosomiasis.
2008;21:659-67.
Ismail M, Metwally A, Farghly A, Bruce J,
Tao LF, Bennett JL. Characterization of
isolates of S. mansoni from Egyptian
villagers that tolerate high doses of

398

10.

1.

12.

13.

14.

15.

16.

17.

praziquantel. Am J Trop Med Hyg. 1996;
55:214-18.

Fallon PG, Sturrock RF, Niang CM,
Doenhoff MJ. Diminished susceptibility to
praziquantel in a Senegal isolate of
Schistosoma mansoni. Am J Trop Med
Hyg. 1995;53:61-2.

Cioli D, Pica-Mattoccia L. Praziquantel.
Parasitol Res. 2003;90:3-9.

De Castro SL, Batista DG, Batista MM,
Batista W, Daliry A, De Souza EM, Menna-
Barreto RFS, Oliveira GM, Salomao K,
Silva CF, Silva PB, Soeiro MNC.
Experimental chemotherapy for Chagas
disease: A morphological, biochemical,
and proteomic overview of potential
Trypanosoma cruzi targets of amidines
derivatives and naphthoquinones. Mol Biol
Int. 2011;2011:1-13.

Rassi Jr A, Rassi A, de Rezende JM.
American trypanosomiasis (Chagas
disease). Infect Dis Clin N Am. 2012;26:
275-91.

Urbina JA. Specific chemotherapy of
chagas disease: Relevance, current
limitations and new approaches. Acta
Trop. 2010;115:55-68.

Sayed AA, Simeonov A, Thomas CJ,
Inglese J, Austin CP, Wiliams DL.
Identification of oxadiazoles as new drug
leads for the control of schistosomiasis.
Nat Med. 2008;14.

Neves JKAL, Botelho SPS, Melo CML,
Pereira VRA, Lima MCA, Pitta IR,
Albuquerque MCPA, Galdino SL.
Biological and immunological activity of
new imidazolidines against adult worms of
Schistosoma mansoni. Parasitol Res.
2010;107(3):531-8.

Neves JK, De Lima, MC, Pereira VR, De

Melo CM, Peixoto CA, Pitta IR,
Albuquerque MC, Galdino SL.
Antischistosomal  action of  thioxo-
imidazolidine compounds: An

ultrastructural and cytotoxicity study. Exp
Parasitol. 2011;128(1):82-90.

Gomes FOS, Melo CML, Peixoto CA, Lima
MCA, Galdino SL, Pereira VRA, Pitta IR.
New imidazolidine derivatives as anti-
Trypanosoma cruzi agents: Structure-
activity relationships. Parasitol Res. 2012;
111:2361-66.

Moreira TLB, Barbosa AFS, Santos PV,
Henriques C, Pons AR, Galdino SL,
Lima MCA, Pitta IR, Souza W, Carvalho
TMU. Effect of thiazolidine LPSF SF29 on
the  growth  and morphology  of



18.

19.

20.

21.

22.

23.

24.

25.

Oliveira et al.; BJPR, 7(6): 386-400, 2015, Article no.BJPR.2015.120

Trypanosoma cruzi. Int J Antimicrob
Agents. 2013;41:183-187.

Carmi C, Cavazzoni A, Zuliani V, Lodola A,
Bordi F, Plazzi PV, Alfieri RR, Petronini
PG, Mor M. 5-Benzylidene-hydantoins as
new EGFR Inhibitors with antiproliferative
activity. Bioorg Med Chem Lett. 2006;16:
4021-5.

Potin D, Launay M, Nicolai E,
Fabreguettem, Malabre P, Caussade F,
Besse D, Skala S. Stetsko DK, Todderud
G, Beno BR, Cheney DL, Chang CJ,
Sheriff S, Hollenbaugh DL, Barrish JC,
Iwanowicz EJ, Suchard SJ, Dhar TGM. De
novo design, synthesis, and in vitro activity
of Ifa-1 antagonists based on a bicyclic
[5.5] hydantoin scaffold. Bioorg Med Chem
Lett. 2005;15:1161-4.

Wazeer MIM, Isab AA, Fettouhi M. New
cadmium  chloride complexes  with
imidazolidine-2-thione and its derivatives:
x-ray structures, solid state and solution
nmr and antimicrobial activity studies.
Polyhedron. 2007;26:1725-30.

Dylag T, ZygmunTM, Macia D, Handzlik J,
Bednarski M, Filipek B, Kiec’-Kononowicz
K. Synthesis and evaluation of in vivo
activity of  diphenylhydantoin  basic
derivatives. Eur J Med Chem. 2004;39:
1013-27.

Santiago EF, Oliveira SA, Filho GBO,
Moreira DRM, Gomes PAT, Silva AL,
Barros AF, Silva AC, Santos TAR, Pereira
VRA, Gongalves GGA, Brayner FA, Alves
LC, Wanderley AG, Leite ACL. Evaluation
of the anti-Schistosoma mansoni activity of
thiosemicarbazones and thiazoles.
Antimicrob Agents Chemother. 2014;58(1):
352-63.

Caterina MC, Perillo 1A, Boiani L,
Pezaroglo H, Cerecetto H, Gonzalez M,
Salerno A. Imidazolidines as new anti-
Trypanosoma cruzi agents: Biological
evaluation and structure—activity. Bioorg
Med Chem. 2008;16:2226-34.

Piacenza L, Peluffo G, Alvarez MN,
Martinez A, Radi R. Trypanosoma cruzi
antioxidant enzymes as virulence factors in
Chagas disease. Antioxid Redox Signal.
2013;19(7):723-34.

Thibaut JPB, Monteiro LM, Leite LCC,
Menezes CMS, Lima LM, Noel F. The
effects of 3-methylclonazepam on
Schistosoma mansoni musculature are not
mediated by benzodiazepine receptors.
Eur J Pharmacol. 2009;606:9-16.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

399

Uto H, Nakanishi C, Ido A, Hasuike S,
Kusumoto K, Abe H, Numata M, Nagata K,
Hayashi K, Tsubouchi H. The peroxisome
proliferator-activated receptor-gamma
agonist, pioglitazone, inhibits fat
accumulation and fibrosis in the livers of
rats fed a choline-deficient, I-amino acid-
defined diet. Hepatol Res. 2005;32(4):
235-42.

Kon K, lkejima K, Hirose M, Yoshikawa M,
Enomoto N, Kitamura T, Takei Y, Sato N.
Pioglitazone prevents early-phase hepatic
fibrogenesis caused by carbon
tetrachloride. Biochem Biophys Res
Commun. 2002;291(1):55-61.

Sudo RT, Calasans-Maia AJ, Galdino SL,
Lima MCA, Zapata-Sudo G, Hernandes
MH, Pitta IR. Interaction of morphine with a
new a2-adrenoceptor agonist in mice. J
Pain. 2010;11:71-78.

Gouveia FL, Oliveira RMB, Oliveira TB,
Silva IM, Nascimento SC, Sena KXFR,
Albuquerque JFC. Synthesis, antimicrobial
and cytotoxic activies of some 5-
arylidene-4-thioxo-thiazolidine-2-ones. Eur
J Med Chem. 2009;44:2038-43.

Mourdo RH, Silva TG, Soares ALM, Vieira
ES, Santos JN, Lima MCA, Lima VLM,
Galdino SL, Barbe J, Pitta IR. Synthesis
and biological  activity = of  novel
acridinylidene and benzylidene
thiazolidinediones. Eur J Med Chem. 2005;
40:1129-33.

Tan F, Ang KP, Fong YF. (Z)- and (E)-5-
arylmethylenehydantoins:  spectroscopic
properties and configuration assignment. J
Chem Soc Perkin 2. 1986;12:1941-44.

De Simone CA, Zukerman-Schpector J,
Luu-Duc C, Pitta IR, Galdino SL, Amorim
ELC. 3 -(4-Bromobenzyl) -5-(4-fluoro-
benzylidene) -imidazolidine-2, 4- dione.
Acta Crystallogr. 1995;2620-21.

Guarda VLM, Pereira MA, De Simone CA,
Albuquerque JC, Galdino SL, Chantegrel
J, Perrissin M, Beney C, Thomasson F,
Pitta IR, Luu-Duc C. Synthesis of 4-octyl-
2H-1,4-benzo-thiazin-3-ones. Sulfur Lett.
2003;26:17-27.

Karolak-Wojciechowska J, Szymanska E,
Mrozek A, Kiec-Kononowicz K, Crystallo-
graphic and spectroscopic studies of 5-
arylidene-2-amino-imidazol-4-ones. J Mol
Struct. 2009;930:126-34.

Handzlik J, Szymanska E, Wojcik R, Dela
A, Jastrzebska-Wiesek M, Karolak-
Wojciechowska J, Fruzinski A, Siwek A,
Filipek B, Kiec-Kononowicz, K. Synthesis



36.

37.

38.

39.

40.

Oliveira et al.; BJPR, 7(6): 386-400, 2015, Article no.BJPR.2015.120

and SAR-study for novel arylpiperazine
derivatives of 5-arylidenehydantoin with
al-adrenoceptor antagonistic properties.
Bioorg Med Chem. 2012;20:4245-47.
Horiuchi A, Satou T, Akao N, Koike K,
Fujita K, Nikaido T. The effect of free and
polyethylene glycol-liposome-entrapped
albendazole on larval mobility and number
in Toxocara canis infected mice. Vet
Parasitol. 2005;129(1-2):83-87.

Noel, F. Sistema neuromuscular e controle
da motilidade do verme adulto. In:
Carvalho OS, Coelho PMZ, Lenzi HL.
Schistosoma mansoni & Esquistossomose:
Uma visao interdisciplinar. Rio de Janeiro:
Fiocruz. 2008;207-44.

Silva AL, Oliveira SA, Oliveira JF, Santiago
EF, Almeida Junior ASA, Jacobi ITT,
Peixoto CA, Rocha VPCR, Soares MBP,
Pitta IR, Lima MCA. Tegumental changes
in adult schistosoma mansoni induced by a
new imidazolidinic derivative. Br J Pharm
Res. 2014;4(16):1988-2005.

Tiwari RK, Verma AK, Chhillar AK, Singh
D, Singh J, Kasi Sankar V, Yadav V,
Sharma GL, Chandra R. Synthesis and
antifungal activity of substituted-10-methyl-
1,2,3,4-tetrahydropyrazino [1,2-a] indoles.
Bioorg Med Chem. 2006;14(8):2747-52.
Santin JR, Uchbéa FD, Lima MC, Rabello
MM, Machado ID, Hernandes MZ, Amato
AA, Milton FA, Webb P, Neves Fde A,
Galdino SL, Pitta IR, Farsky SH. Chemical

41.

42.

43.

44.

45.

46.

synthesis, docking studies and biological
effects of a pan peroxisome proliferator-
activated receptor agonist and
cyclooxygenase inhibitor. Eur J Pharm Sci.
2013;48(4-5):689-97.

Karali N, Gursoy A, Kandemirli F, Shvets
N, Kaynak FB, Ozbey S, Kovalishyn V,
Dimoglo A. Synthesis and structure—
antituberculosis activity relationship of 1H-
indole-2,3-dione derivatives. Bioorg Med
Chem. 2007;15(17):5888-904.

Barreiro EJ, Fraga CAM. Quimica
medicinal: As bases moleculares da agao
dos farmacos. 2™ ed. Porto Alegre-RS: Art
Med Ltda; 2008.

Boissier J, Coslédan F, Robert A, Meunier
B. In vitro activities of trioxaquines against
Schistosoma mansoni. Antimicrob Agents
Chemother. 2009;53(11):4903-6.

Keiser J, Chollet J, Xiao S, Mei J, Jiao P,
Utzinger J, Tanner M. Mefloquine - An
aminoalcohol  with  promising  anti-
schistosomal properties in mice. PLoS
Negl Trop Dis. 2009;3(1):e350.

Manneck T, Haggenmdller Y, Keiser J.

Morphological effects and tegumental
alterations induced by mefloquine on
schistosomula and adult flukes of

Schistosoma mansoni. Parasitology. 2010;
137:85-98.

Thomas G. Quimica medicinal: uma
introducdo. 2° Edicdo. Editora Guanabara
Koogan; 2003.

© 2015 Oliveira et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/10065

400



