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ABSTRACT

In this study, the in vitro schistosomicidal properties of the n-hexane (BS-1),
dichlorometane (BS-2) and methanol (BS-3) extracts from the leaves of Bidens sulphurea
against Schistosoma mansoni were investigated. The extract BS-3 at 200 pg/mL caused
the death of 100% of the male and 75% of the female adult worms and promoted the
separation of 75% of the coupled pairs into individual males and females within 120h.
This extract was partitioned in n-hexane, dichloromethane, ethyl acetate, and methanol,
furnishing the fractions BS-3.1, BS-3.2, BS-3.3, and BS-3.4, respectively. The fraction
BS-3.2 was the most active, causing the death of all the male and female adult worms
after 120 h, and the separation of all the coupled pairs of worms in the same period. The
results of this preliminary study demonstrated for the first time the in vitro
antischistosomal activity of B. sulphurea extracts.

Keywords: antischistosomal agents, Bidens sulphurea, natural products, plant extracts,
Schistosoma mansoni.

RESUMO
Neste estudo, foram investigadas as propriedades esquistossomicidas in vitro dos extratos
n-hexano (BS-1), diclorometano (BS-2) e metanol (BS-3) das folhas de Bidens sulphurea
contra o Schistosoma mansoni. O extrato BS-3 a 200 pg/mL causou a morte de 100% dos
vermes machos e 75% das fémeas adultas e promoveu a separacdo de 75% dos pares
acoplados em machos e fémeas individuais dentro de 120h. Este extrato foi particionado
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em n-hexano, diclorometano, acetato de etila e metanol, fornecendo as fragdes BS-3.1,
BS-3.2, BS-3.3 e BS-3.4, respectivamente. A fracdo BS-3.2 foi a mais ativa, causando a
morte de todos o0s vermes adultos machos e fémeas ap6s 120 horas, e a separacdo de todos
os pares de vermes acoplados no mesmo periodo. Os resultados deste estudo preliminar
demonstraram pela primeira vez a atividade antiesquistossomal in vitro de extratos de B.
sulphurea.

Palavras-chave: antischistosomal agents, Bidens sulphurea, produtos naturais, extratos
de plantas, Schistosoma mansoni

1 INTRODUCTION

Human schistosomiasis is one the most significant and neglected tropical diseases
in the world, second to malaria only.! This parasitosis affects more than 200 million peo-
ple worldwide, and it is estimated that approximately 800 million are at risk of contracting
it.! Praziquantel (PZQ) is the only medication that is currently effective against all the
species of schistosome; however, it does not prevent re-infections and is inactive against
juvenile schistosomes, besides having limited effect on already developed liver and
spleen lesions.? 3 These limitations, in combination with considerable concern about the
development of PZQ resistance, have motivated the scientific community to call for re-
search and development of novel and inexpensive drugs against schistosomiasis.®# In this
scenario, several essential oils, extracts, and isolated compounds obtained from plants
have been investigated for their schistosomicidal potential.>”’

Bidens sulphurea (Cav.) Sch. Bip. (Asteraceae) is an annual erect herbaceous spe-
cies native to Mexico,® popularly known as “cosmo-amarelo”, “picdo-grande”, and “aster
do México” in Portuguese, which is traditionally used to treat malaria in Brazil.® As part
of our ongoing project on the antiparasitic activities of natural products,® 1°** and con-
sidering previous reports on the schistosomicidal activity of the essential oil from B. sul-
phurea flowers,!* this study aimed to evaluate the in vitro antischistosomal effects of the
extracts from the leaves of Bidens sulphurea (Cav.) Sch. Bip. (Asteraceae) against Schis-

tosoma mansoni.
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2 MATERIAL AND METHODS

2.1 PLANT MATERIAL

Bidens sulphurea (Cav.) Sch. Bip. (Asteraceae) was collected at “Sitio 13 de
maio” near Franca city (20°26°S 47°27°W 977m, State of Sdo Paulo, Brazil) in May 2014.
A voucher specimen (SPFR12020) was deposited at the Herbarium of Departamento de
Biologia, Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo Preto, Universidade de
Sdo Paulo, Brazil (Herbarium SPFR).

2.2 EXTRACTION AND FRACTIONATION

Fresh leaves of B. sulphurea (400 g) were dehydrated, powdered, and sequentially
extracted with n-hexane, dichlorometane, and MeOH (15 mL of solvent/g of powder)
under sonication for 15 min, according to a previously reported methodology.!® The
phases were concentrated under reduced pressure to yield the n-hexane (BS-1), dichloro-
methane (BS-2), and methanol (BS-3) extracts. The extract BS-3 was resuspended in
methanol and partitioned with n-hexane, dichloromethane, and ethyl acetate (3 x 50 mL).
The solvent was removed under reduced pressure and the resulting fractions BS-3.1, BS-
3.2, BS-3.3, and BS-4 (the methanol fraction) were stored in a refrigerator at -4 °C for

further antischistosomal assays.

2.3 IN VITRO ANTISCHISTOSOMAL ASSAYS

The LE strain of S. mansoni was maintained in Biomphalaria glabrata snails and
Balb/c mice and recovered after 8 weeks, according to a previously reported methodol-
ogy.*® The worms were washed in Roswell Park Memorial Institute (RPMI) 1640 medium
(Invitrogen), kept at pH 7.5 with HEPES 20 mM, and supplemented with penicillin (100
Ul/mL), streptomycin (100 pg/mL), and 10% bovine fetal serum (Gibco). For the in vitro
test with S. mansoni, the sample (crude extracts or partition fractions) was dissolved in
1% DMSO and used at concentrations of 200 pg/mL, which were added to the medium
containing one adult worm pair after a period of 24 h of adaptation to the culture medium.

The parasites were kept for 120 h and monitored every 24 h, to evaluate their general
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condition concerning motor activity and mortality rate.!” Also, changes in pairing, egg
production, and egg development were examined with the aid of an inverted microscope
(Leitz).® RPMI 1640 medium and RPMI 1640 with 1% DMSO were used as negative
control groups, and praziquantel (PZQ) was employed as the positive control group at a
concentration of 3.1 pug/mL The experiment was carried out in quadruplicate and repeated
at least 5 times.

Pairs of adult worms were incubated for 120 h with the sample (crude extracts or
partition fractions) at 200 pg/mL), and the viability assays were conducted using the MTT
assay, as previously described.!? The experiment was accomplished in quadruplicate and
repeated at least 5 times. Results are expressed as mean = SEM. Data were statistically

analyzed by one-way analysis of variance, followed by Tukey’s multiple comparison test.

3 RESULTS

The in vitro antischistosomal effects of the extracts from the leaves of B. sulphu-
rea in n-hexane (BS-1), dichloromethane (BS-2), and methanol (BS-3), and the fractions
of BS-3 in n-hexane (BS-3.1), dichloromethane (BS-3.2), ethyl acetate (BS-3.3), and
methanol (BS-3.4) are summarized in Table 1. All the extracts and fractions were tested
at 200 pg/mL. It was observed that BS-3 is more effective than BS-2 and BS-1, causing
the death of 100% of the male worms after a period of 120 h of incubation and promoting
the separation of most of the worms into individual males and females in 120 h. On the
other hand, these extracts caused no significant decrease in motor activities, even after
120 h. The adult worms remained coupled in the two negative control groups (RPMI 1640
medium and DMSO 1% plus RPMI 1640 medium), and no death of these parasites oc-
curred. In contrast, the positive control (PZQ, 10 pg/mL) caused a total reduction in the
motor activity, and death of parasites within 24 h.

The extract BS-3, the most effective against S. mansoni worms, was fractioned by
partition to furnish the fractions BS-3.1, BS-3.2, BS-3.3, and BS-3.4. As shown in Table
1, all these fractions promoted the separation of all the coupled pairs of worms into indi-
vidual males and females after 120 h of incubation, except for BS-3.4. However, only
BS-3.2 promoted the coupled pairs separation in 24 h. Moreover, BS-3.2 also caused the

death of 100% of male and female worms after 120 h, whereas incubation with BS-3.1
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and BS-3.3 resulted in the selective death of 100% of males. None of the fractions caused

a significant reduction in the worm's motor activity.

4 DISCUSSION

The results obtained in the study indicate that the BS-3 extract derived from the
leaves of the B. sulphurea, displayed interesting in vitro schistosomicidal effects against
S. mansoni at a concentration of 200 pg/mL after 120 h, even though no significant effect
on the motor activity was observed. When compared to BS-1 and BS-2 extracts, the BS-
3 extract proved to be more effective in separating worm couples and causing the death
of male worms. These results not only showed that BS-3 exhibited in vitro antischistoso-
mal activity, but also revealed that S. mansoni worms are more susceptible to BS-3 than
female ones. The differences between S. mansoni male and female worms in terms of
susceptibility have also been reported in the literature for other extracts and essential oils
311,19 and are likely associated with the fact male worms are more exposed to drugs than
female worms (female worms are enclosed in the male worm gynecophoral groove).®

The fractionation of BS-3 into their n-hexane (BS-3.1), dichloromethane (BS-3.2),
ethyl acetate (BS-3.3), and methanol (BS-3.3) phases revealed that BS-3 was the most
active fraction. Moreover, the higher activity of BS-3.2 as compared to BS-3 and fractions
BS-3.1, BS-3.3, and BS-3.4 may indicate that most of the active compounds of BS-3 are
likely in BS-3.2. On the other hand, none of the fractions were significantly more effec-
tive against S. mansoni than BS-3 to reduce the worm's motor activity.

In the literature, methanol extracts from different plants have been reported for
their antischistosomal effects, such as those obtained from Eucalyptus globulus,® Fur-
craea selloa,?! Jatropha curcas,?> Momordica balsamina,?® Carica papaya.?* Actinopyga
echinites, and Holothuria polii.? Many compounds isolated from methanol extracts have
also been reported for their antischistosomal activities, such as the steroidal glycoside
(saponin),? 3-O-B-D-glucopyranosyl-(1—3)-B-D-glucopyranosyl-(1—3)-p-D-xylopyra-
noside gloriogenin from Fuircraea selloa, which led to 100% mortality of the S. mansoni
(ECso = 2.25 and 1.91 pg/mL for female and male worm respectively) at a concentration
of 5 pg/mL.2* Mallophenol B, 2,2,8-trimethyl-6-formyl-chrom-3-ene-7-O-B-D-glucopy-
ranoside, and benzyl alcohol 7-O-(30,40,6'-tri-O-galloyl)-B-D-glucopyranoside isolated

from Eucalyptus globulus, at a concentration of 20 ppm, caused almost 100% toxicity to
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S. mansoni miracidia.?® Balsaminol F (LCso = 14.7 + 1.5 uM after 24 h) and karavilagenin
C (LCso =28.9 £ 1.8 uM after 24 h) isolated from the ethyl acetate fraction of the meth-
anol extract of Momordina balsamina. At concentrations of 10-50 uM, these compounds
induced significant reductions in the motor activity of the worms and significantly de-
creased the egg production. Furthermore, they were able to separate the adult worm pairs
into male and female after 24 h.% Echinosides A and B isolated from Actinopyga echinites
and Holothuria polii were highly active against S. mansoni adult worms, with LCso of
0.19 uM and 0.27 uM, respectively.?

The antischistosomal effects of BS-3 and its fraction BS-3.2 can be attributed to
the presence of specific bioactive compounds, which may be acting alone or synergisti-
cally with other compounds to produce an antischistosomal effect. Previous studies have
reported the occurrence of some classes of compounds in different Bidens species that
can contribute to antischistosomal activity, such as alkaloids, tannins, fatty acids, phe-
nolic acids, triterpenes, phytosterols, chalcones, aurones, and flavonoids (e.g., rutin and
quercetin).?6-28 However, the composition of Bidens extracts may vary according to the
species, extraction method, and growing conditions of the plant,?® so the compounds re-
sponsible for the antischistosomal activity of BS-3 and BS-3.3 cannot be identified from
the preliminary data reported here.

5 CONCLUSIONS

The methanol extract from B. sulphurea leaves and its dichloromethane phase
displayed in vitro antischistosomal activity against S. mansoni adult worms at a
concentration of 200 pg/mL, causing mortality and separation of coupled worms similar
to PZQ after 120 h of treatment. The preliminary results reported here for the first time
demonstrate the in vitro antischistosomal potential of B. sulphurea extracts. This is a
noteworthy result because B. sulphurea occurs in many countries worldwide and is easily
cultivated. Further phytochemical studies must be carried out to isolate and identify the

compounds responsible for the antischistosomal activity of this extract.

655




Revista Multidisciplinar do UniSantaCruz. Curitiba. v.1. n.3. p. 650-660. 2023. ISSN 2965-2790

—

UniSantaCruz

CENTRO UNIVERSITARIO

ACKNOWLEDGMENTS
The authors thank Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP,

grant number 2007/54241-8) for the financial support, and Conselho Nacional de Desen-
volvimento Cientifico e Tecnoldgico (CNPq) for fellowship.

656




Revista Multidisciplinar do UniSantaCruz. Curitiba. v.1. n.3. p. 650-660. 2023. ISSN 2965-2790

—

UniSantaCruz

CENTRO UNIVERSITARIO

REFERENCES

1. Zhu XL, Song JZ, You WY, et al. Intestinal schistosomiasis masquerading as intestinal
polyps. BMC Infect. Dis. 2021;21:434. doi: https://doi.org/10.1186/s12879-021-06125-4

2. Ismail M, Botros S, Metwally A, et al. Resistance to praziquantel: direct evidence from
Schistosoma mansoni isolated from Egyptian villagers. Am. J. Trop. Med. Hyg.
1999;60:932-5. doi: https://doi.org/10.4269/ajtmh.1999.60.932

3. Oliveira TAS, Pagotti MC, Magalhaes LG, et al. Antischistosomal activity of essential
oils: an updated review. Chem. Biodiv. 2022;19:e202100909. doi:
https://www.doi.org/10.1002/cbdv.202100909

4. Engels D, Chitsulo L, Montresor A, et al. The global epidemiological situation of
schistosomiasis and new approaches to control and research. Acta Trop. 2002;82:139-46.
doi: https://doi.org/10.1016/s0001-706x(02)00045-1

5. Parreira NA, Magalhaes LG, Machado CB, et al. In vitro schistosomicidal activity of
curcumin against Schistosoma mansoni adult worms. Parasitol. Res. 2010;107:853-857.
doi: http://www.doi.org/10.1007/s00436-008-1311-y

6. Wakabayashi KAL, Melo NI, Aguiar DP, et al. Anthelmintic effects of the essential oil
of fennel (Foeniculum vulgare Mill., Apiaceae) against Schistosoma mansoni. Chem.
Biodiv. 2015;12:1105-1114. doi: http://www.doi.org/10.1002/cbdv.201400293

7. Oliveira CNF, Frezza TF, Garcia VL, et al. Schistosoma mansoni: In vivo evaluation
of Phyllanthus amarus hexanic and ethanolic extracts. Exp. Parasitol. 2017;183:56-63.
doi: https://doi.org/10.1016/j.exppara.2017.10.008

8. Medeiros NDF, Seixas DP, Batista JC, et al. Density-dependent regulation in a weed
Bidens sulphurea (Cav.) Sch. Bip. (Asteraceae). J. Environm. Anal. Progr. 2017;2:7-10.
doi: https://doi.org/10.24221/jeap.2.1.2017.968.7-10

9. Cruz-Silva CTA, Nasu EGC, Pacheco FP, et al. Allelopathy of Bidens sulphurea L.
aqueous extracts on lettuce development. Rev. Bras. Pl. Med. 2015;17:679-684. doi:
https://doi.org/10.1590/1983-084X/14_096

10. Caixeta SC, Magalhaes LG, de Melo NI, et al. Chemical composition and in vitro
schistosomicidal activity of the essential oil of Plectranthus neochilus grown in Southeast
Brazil. Chemistry & Biodiversity 2011;8:2149-2157. doi:
https://doi.org/10.1002/cbdv.201100167

11. Melo NI, Magalhaes LG, de Carvalho CE, et al. Schistosomicidal activity of the
essential oil of Ageratum conyzoides L. (Asteraceae) against adult Schistosoma mansoni
worms. Molecules 2011;16:762-773. doi:
https://doi.org/10.3390%2Fmolecules16010762

12. Mantovani ALL, Vieira GPG, Cunha WR, et al. Chemical composition,
antischistosomal and cytotoxic effects of the essential oil of Lavandula angustifolia

657



about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Revista Multidisciplinar do UniSantaCruz. Curitiba. v.1. n.3. p. 650-660. 2023. ISSN 2965-2790

—

UniSantaCruz

CENTRO UNIVERSITARIO

grown in Southeastern Brazil. Rev. Bras. Farmacogn. 2013;23:877-884. doi:
https://doi.org/10.1590/S0102-695X2013000600004

13. Melo NI, Mantovani ALL, Oliveira PF, et al. Antischistosomal and cytotoxic effects
of the essential oil of Tetradenia riparia (Lamiaceae). Nat. Prod. Comm. 2015;10:1627-
1630. doi: https://journals.sagepub.com/doi/pdf/10.1177/1934578X1501000934

14. Aguiar GP, Melo NI, Wakabayashi KA, et al. Chemical composition and in vitro
schistosomicidal activity of the essential oil from the flowers of Bidens sulphurea
(Asteraceae). Nat. Prod. Res. 2013;27:920-4. doi:
https://doi.org/10.1080/14786419.2012.671314

15. Crotti AEM, Aguiar GP, Aguiar DP, et al. Evaluation of the antioxidant activity of
some Brazilian medicinal plant extracts. Investigacdo 2013;13:11-14. doi:
https://doi.org/10.26843/investigacao.v13i1.733

16. Smithers SR Terry RJ. The infection of laboratory hosts with cercariae of Schistosoma
mansoni and the recovery of the adult worms. Parasitology 1965;55:695-700. doi:
https://doi.org/10.1017/s0031182000086248

17. Tonuci LRS, de Melo NI, Dias HJ, et al. In vitro schistosomicidal effects of the
essential oil of Tagetes erecta. Rev. Bras. Farmacogn. 2012;22:88-93. doi:
http://dx.doi.org/10.1590/S0102-695X2011005000202

18. Magalhées LG, Machado CB, Morais ER, et al. In vitro schistosomicidal activity of
curcumin against Schistosoma mansoni adult worms. Parasitol. Res. 2009;104:1197-201.
doi: https://doi.org/10.1007/s00436-008-1311-y

19. Sanderson L, Bartlett A Whitfield PJ. In vitro and in vivo studies on the bioactivity of
a ginger (Zingiber officinale) extract towards adult schistosomes and their egg production.
J. Helminthol. 2002;76:241-247. doi: https://doi.org/10.1079/joh2002116

20. Al-Sayed E, Hamid HA EI Einin HMA. Molluscicidal and antischistosomal activities
of methanol extracts and isolated compounds from Eucalyptus globulus and Melaleuca
styphelioides. Pharm. Biol. 2014;52:698-705. doi:
https://doi.org/10.3109/13880209.2013.865240

21. El-Sayed MM, Abdel-Hammed ES, EI-Nahas HA, et al. Isolation and identification
of some steroidal glycosides of Furcraea selloa. Pharmazie 2006;61:478-482. doi:
https://www.ingentaconnect.com/content/govi/pharmaz/2006/00000061/00000005/art00
021?crawler=true

22. Rug M Ruppel A. Toxic activities of the plant Jatropha curcas against intermediate
snail hosts and larvae of schistosomes. Trop. Med. Int. Health 2001;5:423-430. doi:
https://doi.org/10.1046/j.1365-3156.2000.00573.x

23. Ramalhete C, Magalhées LG, Rodrigues V, et al. In vitro schistosomicidal activity of

balsaminol F and karavilagenin C. Planta Med. 2012;78:1912-1917. doi:
https://doi.org/10.1055/s-0032-1327832

658



about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Revista Multidisciplinar do UniSantaCruz. Curitiba. v.1. n.3. p. 650-660. 2023. ISSN 2965-2790

—

UniSantaCruz

CENTRO UNIVERSITARIO

24. Abdel-Lateef EE, Rabia 1A, EI-Sayed MM, et al. HPLC-ESI-MS characterization of
certain polyphenolic compounds of Carica papaya L. fruit extracts and evaluation of their
potential against murine schistosomiasis mansoni. Drug Res. 2018;68:521-528. doi:
https://doi.org/10.1055/a-0592-6550

25. Melek FR, Tadros MM, Yousif F, et al. Screening of marine extracts for
schistosomicidal activity in vitro. Isolation of the triterpene glycosides echinosides A and
B with potential activity from the Sea Cucumbers Actinopyga echinites and Holothuria
polii. Pharm. Biol. 2012;50:490-496. doi:
https://doi.org/10.3109/13880209.2011.615842

26. Silva FL, Fischer DC, Tavares JF, et al. Compilation of secondary metabolites from
Bidens pilosa L. Molecules 2011;16:1070-1102. doi:
https://doi.org/10.3390%2Fmolecules16021070

27. Xuan TD Khanh TD. Chemistry and pharmacology of Bidens pilosa: an overview. J.
Pharm. Investig. 2016;46:91-132. doi: https://doi.org/10.1007%2Fs40005-016-0231-6

28. Ruiz-Reyes E, Mendoza-Cevallos MA, Polanco-Moreira AP, et al. Phytochemical
study of the plant species Bidens pilosa L. (Asteraceae) and Croton floccosus
(Euphorbiaceae). F1000Res 2022;11:702. doi:
https://doi.org/10.12688/f1000research.112653.2

659



about:blank
about:blank
about:blank
about:blank
about:blank

—

Revista Multidisciplinar do UniSantaCruz. Curitiba. v.1. n.3. p. 650-660. 2023.

ISSN 2965-2790

APPENDIX

UniSantaCruz

CENTRO UNIVERSITARIO

Table 1: In vitro schistosomicidal effects of n-hexane (BS-1), dichloromethane (BS-2), and methanol
(BS-3) extracts from the leaves of B. sulphurea and fractions of BS-3 obtained by partition in n-hexane
(BS-3.1), dichloromethane (BS-3.2), ethyl acetate (BS-3.3), and methanol (BS-3.4) .

Samples Period of incubation Separated Dead worms Reduction in the motor
(h) couples (%) (%) activity
. Significant
0
Slight (%) %)
M F M F M F
24 0 0 0 0 0 0 0
Control?
120 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0
DMSOP 1%
120 0 0 0 0 0 0 0
24 0 100 100 0 0 100 100
PZQ°
120 0 100 100 0 0 100 100
BS-1 24 0 0 0 25 0 0 0
120 0 25 0 50 0 0 0
24 25 0 0 0 0 0
BS-2¢
120 25 100 25 100 25 0 0
24 75 0 50 0 0 0 0
BS-3¢
120 75 100 75 0 0 0 0
BS-31¢ 24 50 0 0 75 0 0 0
120 100 100 0 100 0 0 0
BS-3.2 24 100 50 0 25 25 25 50
120 100 100 100 0 0 0 0
BS-3.3 24 100 0 0 75 75 25 25
120 100 0 0 100 100 0 0
BS-3.4 24 0 0 0 75 0 0 0
120 0 0 0 100 0 0 0

2 RPMI 1640 medium; ® DMSO + RPMI medium; ¢ Tested at (3.1pg/mL); ¢ Tested at a concentration o
200 pg/mL. M: males; F: females.
Source: The Author
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