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RESUMO

A esquistossomose € uma doenca infecto parasitaria causada por vermes trematodeos do género
Schistosoma spp. No Brasil, Biomphalaria glabrata é o hospedeiro intermediario do
Schistosoma mansoni e a Bauhinia monandra, que suas folhas contém lectina BmoLL com agéo
biocida, € uma planta amplamente encontradas regides endémicas para a esquistossomose
mansoni, incluindo no Brasil. A pesquisa por substancias naturais com potencial moluscicida,
cercarecida e que ndo apresentem impacto no meio ambiente, é de extrema relevancia para o
controle da transmissdo do S. mansoni. Neste sentido, o presente estudo reporta pela primeira
vez a composicao fitoquimica, por HPLC, de preparacdes de B. monandra e o seu efeito sobre
embrides e adultos de B. glabrata, através dos parametros de reproducdo e mortalidade e
citotoxicidade sobre hemacitos e genotoxicidade ap6s exposicdo em concentragdes subletais.
Além disso, da toxicicidade sobre cercarias de S. mansoni e monitoramento ambiental com
Artemia salina e Danio rerio. O extrato salino foi obtido do pé de folhas de B. monandra em
tampdo citrato-fosfato contendo NaCl 0,15 M e a fracdo através de sulfato de aménio (60%)
adicionado ao extrato para precipitar as proteinas. Os metabo6litos secundarios foram
investigados por cromatografia de camada delgada (CCD) e liquida de alta eficiéncia (HPLC);
proteina quantitativa, atividade hemaglutinante (AH) e AH especificos (AHE) foram avaliados.
Embrides de B. glabrata em blastula, gastrula, trocofora, véliger e hippo stage (300 de cada)
foram expostos por 24 h em diferentes concentracdes (0,125-0,6 mg/mL). Com adultos,
parametros reprodutivos (fecundidade e fertilidade) e sobrevivéncia (sete dias apds exposi¢do),
bem como a citotoxicidade e genotoxicidade foram analisados. Além disso, os efeitos
cercarecida e seguranca ambiental utilizando A. salina foram realizados. O extrato salino e
fracdo de B. monandra apresentou derivados cindmicos, flavonoides e saponinas por HPLC.
Apo0s 24h de exposicéo, o extrato salino e a fragdo foram toxicos para embrides em estagio de
blastula, gastrula, trocdfora, véliger e hippo stage (Concentragéo Letais [CLgo] de 0,155 e 0,168;
0,161 e 0.157; 0,398 e 0,379; 0,573 e 0,368; 0,592 e 0,548 mg/mL, respectivamente) e para
caramujos adultos (CLgo de 9,47 e 1,70 mg/mL, respectivamente) com reducéo da deposicédo de
ovos. Na analise de hemocitos o extrato e fragdo alteraram a morfologia, caracterizada por
células em apoptose, micronucleo e binucleacdo, enquanto para a analise da fragmentagdo do
DNA evidenciamos danos significativos quando comparados ao controle. O extrato causou
alteracdo na motilidade das cercarias, porém, foi toxico para A. salina, enquanto a fracdo foi

letal para cercarias e foi toxico para A. salina. Os resultados destacam que o extrato e a fracéo



de B. monandra sdo promissores no controle a esquistossomose, uma vez mostrou toxicidade

contra o hospedeiro intermediério, cercarias de S. mansoni e seguranca ambiental.

Palavras-chaves: Efeito embriotdxico, Esquistossomose mansonica, Potencial Moluscicida,
Lectina, Ecotoxicicidade.



ABSTRACT

Schistosomiasis is an infectious parasitic disease caused by trematode worms of the genus
Schistosoma spp. In Brazil, Biomphalaria glabrata is the intermediate host of Schistosoma
mansoni and Bauhinia monandra, whose leaves contain BmoLL lectin with biocidal action, is
a plant widely found in endemic regions for schistosomiasis mansoni, including Brazil. The
search for natural substances with molluscicidal potential, which are fenced and do not have an
impact on the environment, is extremely important for controlling the transmission of S.
mansoni. In this sense, the present study reports for the first time the phytochemical
composition, by HPLC, of preparations of B. monandra and its effect on embryos and adults of
B. glabrata, through reproduction and mortality parameters and cytotoxicity on hemocytes and
genotoxicity after exposure at sublethal concentrations. In addition, toxicity on S. mansoni
cercariae and environmental monitoring with Artemia salina and Danio rerio. The saline extract
was obtained from the powder of B. monandra leaves in citrate-phosphate buffer containing
0.15 M NaCl and the fraction through ammonium sulfate (60%) added to the extract to
precipitate the proteins. Minor metabolites were investigated by thin layer chromatography
(TLC) and high-performance liquid (HPLC); Quantitative protein, hemagglutinating activity
(HA) and specific HA (SHA) were evaluated. B. glabrata embryos in blastula, gastrula,
trochophora, velliger and hippo stage (300 of each) were exposed for 24 h at different
concentrations (0.125-0.6 mg/mL). With adults, reproductive parameters (fecundity and
fertility) and survival (seven days after exposure) as well as cytotoxicity and genotoxicity were
analyzed. In addition, the fenced effects and environmental safety using A. salina were
performed. The saline extract and fraction of B. monandra showed cinnamic derivatives,
flavonoids and saponins by HPLC. After 24h of exposure, the saline extract and fraction were
toxic to blastula, gastrula, trochophora, veliger and hippo stage embryos (Lethal Concentration
[CLgo] of 0.155 and 0.168; 0.161 and 0.157; 0.398 and 0.379; 0.573 and 0.368; 0.592 and 0.548
mg/mL, respectively) and for adult snails (CLgo of 9.47 and 1.70 mg/mL, respectively) with
reduced egg deposition. In the analysis of hemocytes, the extract and fraction altered the
morphology, characterized by cells in apoptosis, micronucleus and binucleation, while for the
analysis of DNA fragmentation, we showed significant damage when compared to the control.
The extract caused changes in the cercariae motility, however, it was toxic for A. salina, while

the fraction was lethal for cercariae and was toxic for A. salina. The results highlight that the



extract and the fraction of B. monandra are promising in the control of schistosomiasis, since it

showed toxicity against the intermediate host, cercariae of S. mansoni and environmental safety.

Keywords: Embryotoxic effect, Schistosomiasis mansoni, Molluscicidal Potential, Lectin,

Ecotoxicity.
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A esquistossomose € uma doenca infecto-parasitaria negligenciada, causada por
helmintos do género Schistosoma spp. prevalentes em 78 paises e territorios de regides tropicais
e subtropicais onde existem mais de 240 milhGes de pessoas infectadas e outras 800 milhdes
vivendo em risco permanente de infeccdo (WHO, 2022). No Brasil, a Unica espécie presente é
0 S. mansoni com estimativa entre 1,5 milhdes de infectados e Pernambuco é um dos Estados,
entre os 19 endémicos, com maior taxa de prevaléncia e incidéncia, especialmente na Zona da
Mata e mais recentemente importante expansao para a Regido Litoranea e a Regido
Metropolitana do Recife. Ainda em Pernambuco, o Estado apresenta elevada taxa de internacéo
hospitalar e a maior taxa de mortalidade por esquistossomose, uma média cinco vezes superior
a nacional (Pernambuco, 2014; Barbosa et al., 2016). A infeccdo € prevalente em 102 (55%)
dos 185 municipios pernambucanos e todos os anos milhares de pessoas sdo diagnosticadas
com a doenga (Barreto et al., 2015; Facchini et al., 2018).

A transmissdo do S. mansoni depende do contato humano com cole¢des hidricas onde
habitam caramujos infectados - hospedeiros intermediarios do parasito, que diariamente
liberam milhares de cercérias, forma infecciosa do S. mansoni para 0 homem - hospedeiro
definitivo. No Brasil as espécies vetores sdo caramujos do género Biomphalaria sendo o B.
glabrata o principal vetor, especialmente na Regido Nordeste e grande disseminacéo na faixa
litoranea brasileira (Scholte, et al., 2012). Em Pernambuco, ha areas em que a positividade para
caramujos B. glabrata eliminando cercérias de S. mansoni chega acima de 80% (Barbosa et al.,
2014). A Organizacdo Mundial de Saude (OMS) recomenda o controle dos hospedeiros
intermediarios através do uso de moluscicida (WHO, 2017). A niclosamida (Baylucide,
Bayer®) ¢ o moluscicida recomendado pela OMS, apenas em condigdes de uso em localidades
que apresentam alta prevaléncia da esquistossomose, devido a sua elevada toxicidade para
espécies ndo-alvo, como peixes, plantas e diversos organismos presentes no ecossistema
aquatico (Oliveira-Filho; Paumgartten, 2000; WHO, 2017).

Assim, ha uma urgente necessidade de investimento em pesquisas que possam
contribuir com novas alternativas moluscicidas com agéo eficaz, biossegura, alta seletividade,
baixo custo e de facil aplicacdo (King; Bertsch, 2015). Esse cendrio encoraja nosso Grupo de
Pesquisa por produtos naturais bioativos no controle dos embrides e caramujos adultos de B.
glabrata, agente infeccioso (cecérias de S. mansoni) e avaliagdo da ecotoxocidade ambiental
com bioindicadores de referéncia desses produtos (Albuguerque et al., 2014; Rocha-Filho et
al., 2015; Araujo et al; 2018a,b; Aradjo et al., 2019; Santana et al., 2020).



15

Diversos estudos exploram a atividade moluscicida de origem natural (Albuquerque et
al., 2014; Rocha-Filho et al., 2015; Aradujo et al., 2018a,b; Santana et al., 2020). Neste sentido
as plantas do género Bauhinia (Familia das Fabaceae) sdo amplamente encontradas nos
continentes onde é relatada endémicidade para a esquistossomose, tais como na Africa, Asia,
bem como América Central e do Sul (Nworie; Okorie, 2018). No Brasil, a B. monandra é
conhecida popularmente como "pata-de-vaca" e diversas aplicacBes biotecnoldgicas para as
folhas e isolados ja foram reportadas (Cagliari et al., 2018; Oliveira et al., 2020), por exemplo,
uma lectina, proteina que se liga ao carboidrato galactose, por reconhecimento especifico e
reversivel, foi purificada & homogeneidade das folhas (BmoLL, B. monandra Leaf Lectin) de
B. monandra e apresentou atividade inseticida sobre Anagasta kuehniella (Lepidoptera:
Pyralidae), Zabrotes subfasciatus e Callosobruchus maculatus (Coleoptera: Bruchidae)
(Coelho; Silva, 2000; Macedo et al., 2007). Além disso, outros resultados promissores foram
observados com endofiticos isolados das folhas da B. monandra, sendo reportadas acdes
fungicida e bactericida (Ramos et al., 2016; Araujo-Melo et al., 2017). Em relac&o ao parametro
de toxicidade utilizando o modelo bioindicador ambiental Artemia salina a BmoLL néo afetou
a sobrevivéncia de nauplios, nem mesmo em elevadas concentra¢es de 250-1.000 pg/mL
(Aragjo et al., 2019).

Apesar dos derivados de folhas de B. monandra apresentarem atividades biocidas
promissoras no controle populacional de pragas ou micro-organismos indesejaveis, ainda ndo
ha estudos que reportem a toxicidade de extratos e fracdes de folhas contendo a lectina BmoLL
no controle populacional de caramujos de B. glabrata, agente infeccioso da esquistossomose
mansoénica e sobre Danio rerio (bioindicador de toxicidade ambiental). Assim, nosso objetivo
foi determinar a coposi¢éo fitoquimica de extrato salino e fracdo de folhas de B. monandra e a
toxicidade do sobre embrides e adultos B. glabrata, atraveés da mortalidade e alteracGes na
fecundidade e fertilidade, além da citotoxicidade sobre hemdcitos e genotoxicidade em adultos
expostos em concentragGes subletais. Ademais, avaliar a atividade cercaricida contra S.

mansoni e o0 monitoramento ambiental nos modelos de Artemia salina e Danio rerio.

2. FUNDAMENTAGCAO TEORICA
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2.1 ASPECTOS EPIDEMIOLOGICOS DA ESQUISTOSSOMOSE

A esquistossomose é causada por vermes trematddeos do género Schistosoma spp., ha
cinco espécies com importancia na saude publica, sdo elas: S. mekongi, S. intercalatum, S.
japonicum, S. haematobium e S. mansoni. Sendo as trés Gltimas espécies os agentes etioldgicos
com grande importancia epidemioldgica e possuem distribuicdo geogréafica diferentes entre si
(BLANTON, 2019; REY et al., 2021). Na Africa, ha a prevaléncia S. mansoni, enquanto essa
¢ a Unica espécie presente nas Américas Central e Sul, destacando-se no Caribe, Venezuela e
Brasil (NOYA et al., 2015), sendo assim, a espécie mais prevalente no mundo (Figura 1). A
esquistossomose € uma doenga negligenciada de grande importancia na sadude publica, sendo
endémica em 78 paises e territorios concentrada em regides tropicais e subtropicais (Figura 2),
uma vez que no mundo aproximadamente 240 milhdes de pessoas encontram-se infectadas,
colocar em risco de infeccdo outras 800 milhdes de forma permanente e é causa de 200.000
Obitos todos os anos (WHO, 2022).

Figura 1 — Distribuicdo geografica das espécies de Schistosoma no mundo.

. S mansoni

‘—“ S haematabium

. S intercalatum

75 D S japonicum

Y B s mekongi

Mixed S haematobium/S mansoni
Great rivers and lakes

Fonte: Shaker et al., 2014.

Figura 2 — Distribuicao global da esquistossomose
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Bl Aha (prevaléncia > 50%) Bl Paises que quererem avalacio do status da esquistossomose para verificar
[ Moderada (prevaléncia de 10-49%) se a interrupgdo da transmissilo foi alcangada
] Baixa (prevaléncia <10%) [Z] Paises ndo endémicos

2] Nio aphcavel

Fonte: Bustinduy et al. (2014).

No Brasil, a esquistossomose é notificada em 19 dos 27 Estados, com elevada
prevaléncia no Sudeste e Nordeste, onde cerca de 1,5 milhGes de infectados e pde em risco
outras 25 milhdes (KATZ, 2018), endémica na maioria dos estados da Regido Nordeste (Figura
3), como Alagoas, Bahia, Pernambuco, Paraiba, Rio grande do Norte e Sergipe (BRASIL,
2014).
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Figura 3 — Distribuigdo geogréfica da esquistossomose mansoni em territorio brasileiro

Fonte: Katz, 2018.

Na regido nordeste, Pernambuco é o Estado com maior impacto em prevaléncia da
doenca, apresentando 1/3 dos 6bitos no Brasil (PERNAMBUCO, 2017). O estado apresenta
102 municipios endémicos, destes, 46,1% sdo do Agreste, 41,2% na Zona da Mata e 12,7% na
Regido Metropolitana do Recife (BRASIL, 2018). A infecgdo por S. mansoni é prevalente em
42 municipios que compdem a Zona da Mata e litoranea do Estado, com o municipio de Vitéria
de Santo Antdo., 0 mais afetado (BRASIL, 2018). Segundo o programa SANAR, sdo 21
municipios prioritarios para o controle da esquistossomose separados em 4 microrregides
(Figura 4): Geres | (Vitoria de Santo Antdo e Aracoiaba), Il (Jodo Alfredo, Machados e
Vicéncia), Il (Agua Preta, Barreiros, Escada, Gameleira, Jaqueira, Maraial, Palmares,
Primavera, Rio Formoso, Sdo Benedito do Sul e Xexéu) e XII (Alianca, Goiana, Itaquitinga,
Macaparana e Timbauba) (SESPE, 2020).

Figura 4 — Distribuigdo dos municipios de Pernambuco prioritarios para Esquistossomose

> pellX %

vIr
X1 v

Fonte: SESPE, 2020.
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De acordo com dados do Sistema de Informag&o Hospitalar, no periodo de 2008 a 2014,
473 internagdes realizadas enquanto no periodo de 1999 a 2013, ocorreram 2578 dbitos por
esquistossomose e entre 1999 e 2014, foram registrados 1943 novos casos da doenca em
nascidos e residentes do Estado (BARBOSA et al., 2016). Em 2011, foi realizado um estudo
com o municipio de Vitoria de Santo Antdo diagnosticando 425 casos da doenga e além de
focos com a presenca do B. glabrata infectado pelo S. mansoni (GOMES, 2012).

Desde a década de 90, € relatado na literatura como a disseminacgdo da esquistossomose
na regido metropolitana do Recife afeta moradores e turistas em localidades litoraneas, o que
denota a falta de controle da doenca no Estado (GONCALVES et al., 1991; BARBOSA et al.,
2010). Um estudo de mapeamento em Recife, realizado no periodo 2016-2017, demonstrou que
quarenta e quatro criadouros foram identificados dos quais foram coletados 3800 caramujos,
destes 14 (31,8%) foram positivos para infeccdo por S. mansoni (Figura 5) (DE OLIVEIRA et
al., 2020). Esse cenario epidemioldgico reforca a gravidade da doenga como também o coloca

como um problema de salde persistente.
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Figura 5 - Distribuicdo espacial dos criadouros e quantidade de nos focos potenciais
encontrados nos bairros do Recife (2016-2017). Distribuigéo dos criadouros (A); Kernel (KDE)
representacdo dos criadouros (B); Kernel (KDE) representacdo de focos potenciais (C); e

Kernel (KDE) representacao do nimero de caracois por criadouro (D).

T
750
"

T T
s00's 580
2 1

T
208
X

[ oistrict N
| Neighborhoods A
<Snails
Negative Breeding Sites o 18
@ Positive Breeding Sites :
Geograghe Procton Geograpne Fratcton
Souice IBGE (2010). LRE-IAM Flocruz (2017) Outum SIRGAS 2000 Sowce IBGE (2010) LRE-AMFiocnz (2017) Detum $/RGAS 2000

T
¥s0s

3km o 1

T T T T T T T T T T
3OTW oW 3560w 5w w2ow woow oW WHOW WHOW Ws20W
L L n 1 L

n ¥ 2

T T T T
208 o0's r850's r50's
L L N n
T T
Fo0s rs80s

T
#208

T
408
't
T
408

T
060°s
1

T
8605

O oistrict
[] Neighborhoods
| KDE Focus

High

T
808
i
T
rovs

2@ 15 3Km

Low

Geographe Projecton Geograpnic Projecton
Source IBE (2010). LRE-AMFlocniz i2017)  Datum: SIRGAS 2000 Source: BGE 2010) LRE-AWFiocnsz @017) Dstum. SIRGAS 2000

T T T T T T T T T T
oW 2458w Ws8TW wrseow w2V soow essowW 3460w wrsow wew

Fonte: De Oliveira et al., 2020.

2.2 CICLO BIOLOGICO DO Schistosoma mansoni

O S. mansoni possui sete estagios de desenvolvimento (ovo, miracidio, esporocistos,
cercarias, esquistossomulo, vermes jovens (transi¢cdo) e vermes adultos (macho e fémea)
necessitando de um hospedeiro intermediario (caramujos do género Biomphalaria), e outro
definitivo (mamiferos/homem) para completar seu ciclo de vida. No homem, ap6s 38 dias de
infeccdo, os vermes jovens amadurecem e tornam-se adultos (Fig. 6F) em vasos intra-hepaticos,
local em que ocorre o acasalamento. Os casais migram para as veias mesentéricas e a fémea

inicia a oviposi¢do em veias menos calibrosas do intestino com cerca de 300/400 ovos/dia
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(SOUZA et al., 2011). Em 45 dias de infeccdo, parte dos ovos (Fig. 6A) sdo embolizados dos
vasos mesentéricos para o bago e figado, enquanto o restante atravessa o epitélio intestinal e
sdo eliminados nas fezes (COLLEY et al., 2014; ABE et al., 2018; CHUAH et al., 2019).

Em meio aquatico, as fezes sdo dissolvidas e os ovos maduros dao continuidade ao ciclo
quando o miracidio (Fig. 6B), larva ciliada de vida livre, rompe e eclode do ovo (KAMEL et
al., 2021). O miracidio nada e penetra ativamente no caramujo Biomphalaria. Interno ao
caramujo, o miracidio se desenvolve em esporocisto (Fig. 6C) primario, migra para o
hepatopancreas e/ou ovotesti, se multiplica assexuadamente e origina o esporocisto secundario
que por sua vez, sofre diversas alteracdes morfofisioldgicas e assexuadamente conclui seu
desenvolvimento em cercérias (Fig 6D), larvas com cauda bifurcada que, sobre estimulos
luminosos e temperatura sdo liberadas em meio aquatico e possuem a capacidade de nadar e
penetrar a pele humana (BRASILEIRO FILHO, 2016; MOUAHID et al., 2018; MCMANUS
et al., 2020). Apds penetracdo, as cercarias perdem sua cauda e tornam-se esquistossémulo (Fig
6E) de pele (MAGUIRE, 2015; BOGITSH; CARTER; OELTMANN, 2019;), logo, migram
através vasos sanguineos ou linfaticos para os pulmdes, depois alcanca o coragdo e alojam-se
no sistema porta-venosa, desenvolvendo em vermes jovem (COLLEY; SECOR, 2014,
SCHWARTZ; FALLON, 2018; NATION et al., 2020).

Figura 6 — Estagios de desenvolvimento do S. mansoni. Sendo (A) Ovo, (B) Miracidio, (C)

Esporocisto, (D) Cercaria, (E) Esquistossémulo e (F) Vermes Macho e Fémea.
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Fonte: Adaptado de Coelho (2021)

No figado, o verme alcanca desenvolvimento em adultos, verme macho e fémea

acasalam e completam maturidade sexual, migram para 0s vasos mesentéricos superiores e
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iniciam a oviposicao, reiniciando o ciclo de vida (Figura 6) (SOUZA et al., 2011; PILA et al.,
2017; CASTILHO et al., 2019).

Figura 7 — Ciclo de vida do Schistosoma mansoni
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Fonte: CCD, 2017 (Adaptado).

2.3 Género Biomphalaria

O género Biomphalaria spp. é de grande importancia epidemiolégica para a manutengéo
da esquistossomose humana, pois é o hospedeiro intermediario do género Schistosoma spp. Séo
caramujos pertencentes ao Filo Mollusca, Classe Gastropoda, Subclasse Pulmonata, Ordem
Basommatophora e Familia Planorbidae (VINTHER, 2014). Das espécies de Biomphalaria
existentes, onze ja foram identificadas no Brasil, sdo elas: B. tenagophila (Orbigny), B.
straminea (Dunker), B. glabrata (Say), B. amazonica (Paraense), B. peregrina (Orbiny), B.
occidentalis (Paraense), B. intermedia (Paraense & Deslandes), B. schrammi (Crosse), B.
oligoza (Paraense) e B. kuhniana (Clessim). Destas, as espécies B. glabrata, B. tenagophila e
B. straminea estdo distribuidas nos estados endémicos do Brasil (Figura 8 A — C) e séo o0s

hospedeiros naturais com a capacidade de eliminar cercarias, portanto, séo vetores do S.
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mansoni (NEVES, 2016; OLIVEIRA et al., 2020, VALLADARES et al., 2021). Como
caracteristicas apresentam uma concha castanha, podendo variar de marrom a negro,
dependendo do ambiente, discoidal arredondada, com depressdo no giro central em ambos 0s
lados (Figura8 D - F).

Figura 8 - Distribuicdo espacial das espécies no Brasil e Morfologia de concha de (A e D)

Biomphalaria glabrata, (B e E) Biomphalaria straminea e (C e F) Biomphalaria tenagophila.

Miow kot v Burrer s
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Fonte: Brasil, 2014 (Adaptado)

Esses caramujos apresentam tentaculos longos e filiformes, com os olhos localizados na
base dos tentaculos, pé oblongo, boca contornada pela mandibula (formato de T), hemolinfa
vermelha (hemoglobina), abertura genital masculina localizada atras da base do tentaculo
esquerdo e a abertura genital feminina atrés, sob a pseudobranquia (PARAENSE, 2008;
BRASIL, 2008; NEVES, 2016; OHLWEILER et al., 2020).
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O habitat de Biomphalaria spp. € costumeiramente em ambientes hidricos naturais ou
artificias de dguas doces paradas e/ou pouco movimentadas, geralmente com boa luminosidade
e temperatura (20-30°C), presenca de matéria organica, pH neutro (entre 7-8), baixa salinidade,
microflora rica (algas, bactérias e plantas aquaticas) com vegetacdo proxima (KALINDA,;
CHIMBARI; MUKARATIRW, 2017; LOPES et al., 2017; BEZERRA et al., 2018; HABIB et
al., 2021). Quanto sua reproducdo, é capaz de se reproduzir de duas formas, hermafroditismo,
através da autofecundacao e através da fecundacéo cruzada, sendo esta preferencial, por resultar
em maior variabilidade genética (VIANEY-LIAU; DUSSART, 2002; PARAENSE, 2008;
NEVES, 2016).

2.3.1 Biomphalaria glabrata
A espécie B. glabrata € o maior caramujo dentre os planorbideos com sua concha

podendo atingir 40 mm de didametro, 11 mm de largura com seis a sete giros (Figura 9).

Figura 9 — Caramujos Biomphalaria glabrata

Fonte: O autor (2022)

B. glabrata é uma das espécies mais estudada pela area malacoldgica sendo considerado
0 mais importante hospedeiro intermediario do S. mansoni no Brasil (NEVES, 2016). Possui
alta suscetibilidade a infecgdo por vérias linhagens de S. mansoni (ZANOTTI-MAGALHAES
etal., 1991; BASTOS et al., 1978; COIMBRA-JUNIOR, 1981), ampla distribuicéo geografica
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e plasticidade ecoldgica, os altos niveis de infeccdo além da capacidade de liberar cerca de 4500
cercarias/dia (MORGAN et al., 2001; DEJONG et al., 2001; PARAENSE, 2001; CAMPOS et
al., 2002; BRAGA, 2012; CANTINHA, 2012; BARBOSA et al., 2013; BRASIL, 2014;
SANTOS et al., 2015).

A oviposicdo é realizada diariamente, normalmente a noite, de forma superficial em
plantas, pedras, conchas de outros caramujos como também em recipientes de pléstico ou vidro
presente na agua. A massa ovigera contém 20-50 ovos em camada Unica, formado por uma
capsula transparente rica em galactogénio, proteinas, glicogénio, polissacarideos e lipidios
envoltos por uma membrana externa protetora (OLIVEIRA-FILHO et al., 2010; TALLARICO
etal., 2014; MELO et al., 2019).

Com relacdo as caracteristicas embrionarias de B. glabrata, dentro das desovas de B.
glabrata, na massa ovigera, estdo presentes ovos (medindo cerca de 100um de diametro)
contendo um embrido. O desenvolvimento desses embrides até a eclosdo leva cerca de 7-9 dias,
iniciam sua maturagdo a partir das primeiras clivagens, tornando-se consistentes e amareladas
e permanecem até a eclosdo dos caramujos jovens (CAMEY; VERDONK, 1969; NAKANO et
al., 2003; TALLARICO et al., 2014; SILVA et al., 2020a).

A diversidade celular apresentada pelo B. glabrata inclui diferentes transformacoes:
diferenciacdo (producéo e organizacao de diversos tipos de células), morfogénese (organizaco
das diferentes células em tecidos e drgdos), crescimento (aumento do tamanho e nimero
celular) e reproducédo, responsavel pela propagacao da espécie (KAWANO et al., 2003). Dessa
forma, é possivel descrever e identificar os estddios embrionarios de B. glabrata, sendo
caracterizados e classificados como bléstula, géstrula, trocofora, véliger e Hippo stage (Figura
10) (KAWANO et al, 1992; ARAUJO et al., 2018; BATISTA et al., 2022).

No periodo correspondente de 0 a 15 horas ap6s a primeira clivagem (Figura 10A) é
denominado blastula. Este estadio é caracterizado por uma grande quantidade de divisdes
mitoticas, porém sem o aumento de volume celular (CAMEY; VERDONK, 1969; KAWANO;
OKAZAKI; RE 1992; KAWANO et al., 2003; RAPALDO et al.,2013).

Em géstrula, 24 horas ap0s a primeira clivagem, € iniciado a gastrulagdo, processo de
invaginagdo ou endobolia caracterizada principalmente pelo inicio do crescimento,
diferenciagcdo e movimentacdo celular. O embrido modifica sua forma de arredondada para
achatada em uma direcdo animal-vegetativa (Figura 10B), com o aparecimento da boca no fim
desta fase (CAMEY; VERDONK, 1969; KAWANO; OKAZAKI; RE 1992; KAWANO et al.,
2003; RAPALDO et al.,2013).
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Trocofora (Figura 10C) é o estadio correspondente entre 48 e 87 horas ap6s a primeira
clivagem. Nesse estadio ocorre a organogénese, sendo essa, a primeira fase larval de B.
glabrata, caracterizada pela formacéo do prototroco, dupla fileira celular encontrada anterior a
boca, dividido em regides pré-trocal e pos-trocal. A regido pré-trocal dara origem a regido dos
olhos e tentéculos, e a vesicula cerebral. Na regido pds-trocal encontra-se a boca, localizada
abaixo da placa apical e na regido oposta encontra-se a glandula da concha. Essas regies sdo
formadas por cilios que possibilitam a movimentacéo do embrido, caracteristica essencial para
diferenciacio dessa fase (CAMEY; VERDONK, 1969; KAWANO; OKAZAKI; RE 1992;
KAWANO et al., 2003; RAPALDO et al.,2013).

O estadio de véliger (96 e 120 horas ap6s a primeira clivagem) € caracterizado por uma
maior formacao da concha e pé, que entdo inicia o enrolamento cobrindo todo o corpo (Figura
10D). O velum (antes prototroco) é responsavel pela movimentacao intensa da larva dentro do
ovo e as placas cefélicas apresentam a futura regido do olho e do tentaculo.

Apo6s 120 horas da primeira clivagem, ocorre a formacdo completa do embrido
denominado hippo stage (Figura 10E). Os olhos e os tentaculos ja estdo bem desenvolvidos e a
concha cobre quase toda a totalidade do corpo e do pé da larva formando quase um caramujo
jovem. O momento da eclosao é considerado o periodo crucial na embriogénese e comumente
ocorre apds 144 horas da oviposicdo da massa ovigera (CAMEY; VERDONK, 1969;
KAWANO; OKAZAKI; RE 1992; KAWANO et al., 2003; RAPALDO et al.,2013).

Figura 10 — Diferentes estadios embrionarios de B. glabrata, sendo (A) Blastula, (B) Gastrula,

(C) Trocéfora, (D) Véliger e (E) Hippo stage.

Fonte: O autor (2022).
O estudo bioldgico das fases embrionarias de B. glabrata é de grande importancia, uma

vez que a analise da compostos moluscicidas com agdo embriotoxica pode contribuir com a
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reducdo da populagdo de adultos e da transmissdo, e consequentemente da prevaléncia da
esquistossomose (TANG et al., 1995; KAWANO et al., 2008).

2.3.2 Caracteristicas da hemolinfa de B. glabrata.

O sistema imune dos caramujos pode ser separado em dois grandes grupos: células da
hemolinfa (fluido analogo ao sangue) e células fixas. Nas reacdes de defesa de B. glabrata, ha
majoritariamente os hemacitos (Figura 11), com caracteristicas similares aos macrofagos,
participando do reconhecimento de corpos estranhos e fagocitose sendo capaz de causar lise e
encapsulamento semelhantes aos granulomas (JOHNSTON; YOSHINO, 2001; BURGOS-
ACEVES; FAGGIO, 2017; HUANG et al., 2018; MONTE et al., 2019).

Os caramujos possuem sistema circular semiaberto, dessa forma a hemolinfa é
bombeada pelo coracdo chegando aos espacos intersticiais de varios 6rgdos (LOCKYER et al.,
2008; ABO-AL-ELA; FAGGIO, 2021). Os hemdcitos sdo divididos em dois tipos celulares
principais: Hialindcito (Figura 11A), pouco granulado e granulocito (Figura 11B), com muito
granulos citoplasmaticos (CAVALCANTI et al., 2012; LADHAR-CHAABOUNI; HAMZA-
CHAFFAALI, 2016; PILA et al., 2016; SCHULTZ; ADEMA, 2017; MACHALOWSKI;
JESIONOWSKI, 2021).

Figura 11 — Diferenca morfoldgica entre hemdcitos (A) Granuldcito e (B) Hialindcito de

Biomphalaria glabrata.

A B

Fonte: O autor (2022)
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2.4 NICLOSAMIDA

Atualmente, o controle da esquistossomose concentra-se na quimioterapia de pacientes
infectados (WHO, 2019). Contudo, o controle aos vetores destaca-se na prevencdo da
disseminacdo da doenca, pois interrompendo a transmissdo do S. mansoni evita,
consequentemente, a reinfeccdo apds o tratamento. A partir do uso de novas drogas eficazes e
seguras como o praziquantel, o uso de moluscicidas comecaram a atuar como medida auxiliar
no controle a esquistossomose e 0 homem se tornou o foco no controle da transmisséo da doenca
(WHO 1980)

Desde 1960, a niclosamida (5-cloro-N-(2-cloro-4-nitrofenil)-2-hidroxibenzamida) é o
unico moluscicida comercialmente disponivel recomendado pela Organizacdo Mundial de
Saude. Foi descoberta em 1953 pelos laboratérios de pesquisa de quimioterapia da Bayer e seis
anos depois comercializada como Bayluscida, sendo utilizada até hoje para o controle da
esquistossomose (ANDREWS; THYSSEN; LORKE, 1983; CHEN et al., 2018). Este composto
apresenta peso molecular de 327,12 g/mol, solGvel em etanol, cloroférmio, éter, pouco soltvel
em agua e possui forma de cristais amarelo palido (BARBOSA et al., 2019).

Embora seu mecanismo de acdo ainda ndo tenha sido elucidado, a niclosamida, em
baixas concentraces, ¢ efetivo nos diversos estadios embrionarios (ARAUJO et al., 2018a;
MELO et al., 2019; SIQUEIRA et al., 2020; ARAUJO et al., 2020a; RIBEIRO et al., 2021ab)
causando efeito embriotdxico, como também em adultos Biomphalaria spp. (ARAUJO et al.,
2018a; FARIA et al., 2018; BATISTA et al., 2022) causando a mortalidade desses caramujos.
Além disso, quando utilizada contra cercarias de S. mansoni, estagio infeccioso para 0 homem,
hospedeiro definitivo, o composto demonstrou-se toxico (ARAUJO et al., 2020b; LOPEZ-
HERNARDEZ et al., 2019; SILVA et al., 2020b). Acredita-se que a niclosamida atue
principalmente na respiracdo e metabolismo de carboidratos, impedindo o processo de obtencao
de energia pelo organismo alvo (ANDREWS; THYSSEN; LORKE, 1983; CHEN et al., 2018).
Mesmo tendo uma alta eficécia, a niclosamida apresenta diversas desvantagens, principalmente
ambientais, 0 composto é resistente a variacdes de pHs por mais de 4 meses, enquanto sua
degradacdo no ecossistema, sedimento/agua de rios e lagoas produz meia-vida de 1-9 dias
(GRAEBING et al., 2004).

Quando avaliado o impacto da niclosamida em modelos animais, o composto
demonstrou capacidade toxica com alteragcdes no metabolismo lipico em Danio rerio (ZHU et
al., 2020) e efeito de dano acumulativo em diferentes peixes de dgua doce (LIU et al., 2015,
2018). Além disso, ao ser absorvido pelo solo, é capaz de migrar da raiz para o caule,

permanecendo cerca de 43 dias até ser eliminado (LUO et al., 2018). Portanto, nesse contexto,
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é necessario desenvolver novos moluscicidas eficazes e de baixa toxicidade para organismos

ndo-alvo, consequentemente, menos ecotoxicidade.

2.5 MOLUSCICIDAS VEGETAIS

Diante do interesse em estudar substancias obtidas de plantas, das limitagdes
econdmicas e ambientais dos moluscicidas sintéticos incentivaram a pesquisa por novos
candidatos moluscicidas de origem vegetal. Dessa forma, o uso de plantas com essa
propriedade, pode ser uma alternativa eficaz, biodegradavel e segura (MARSTON;
HOSTETTMANN, 1985; SINGH et al., 1996; CLARK; APPLETON, 1997; KUMAR; SING,
2006; SILVA-FILHO et al., 2009). Os requisitos para atestar a eficiéncias dessas moléculas séo
sua biodisponibilidade e capacidade de propagacdo em regides endémicas para
esquistossomose. Além disso, serem facilmente obtidas, sollveis em &gua, capacidade de
causar toxicidade contra todas as fases de desenvolvimento do caramujo e baixa toxicidade
ambiental (EVANS, 2009).

O interesse pela utilizacdo de plantas como moluscicidas foi iniciado em 1930. O plantio
de arvores tipicas do deserto, a Balanites aegyptiaca (L.) Delile (Balanitaceae), como
moluscicida em focos de transmissdo da esquistossomose no Suddo. Os frutos dessa espécie,
ao serem estudados, mostrou reducdo da populagdo de caramujos transmissores sem alterar as
caracteristicas da dgua (ARCHIBALD, 1933; LEYTON et al., 2005). Na década de 1960,
extratos aquosos dos frutos de Phytolacca dodecandra L*“ela (Phytolaccaceae), foram
aplicadas, pela primeira vez, em focos ativos de transmissao de Schistosoma mansoni em areas
da Etidpia durante cinco anos para prevenc¢do da esquistossomose, tendo resultados positivos
na reducdo da prevaléncia da doenca (KLOOS; MCCULLOUGH, 1982). Ja no Brasil, estudos
com extrato aquoso de caule de Serjania spp. e frutos de Sapindus saponaria utilizando B.
glabrata como modelo animal, demonstrou que o efeito toxico notado era atribuido a presenca
de saponinas na composicdo desses vegetais (PINTO; ALMEIDA, 1944). Além disso,
recentemente estudos com extrato salino e fracdo de sementes de Parkia pendula demonstraram
efeito toxico contra embrides e adultos de B. glabrata como também cercérias de S. mansoni,
demonstrando a capacidade que essas preparacGes vegetais possuem de substituirem o
niclosamida no futuro (BATISTA et al., 2022)
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2.6 GENERO Bauhinia

A familia das Fabaceas é uma das mais abundantes em nimero de géneros e espécies
no reino vegetal. Das trés subfamilias, Mimosoideae, Papilionoideae e Caesalpinioideae,
constituido por aproximadamente 300 espécies (20% no Brasil), 0 género Bauhinia é o
destaque, sendo encontrado em regides tropicais e subtropicais do hemisfério ocidental e
oriental, utilizado na composicdo de diversos fitoterapicos (ENGLER, 1964; MELO et al.,
2011; HAVER, 2002).

Dentre diversas aplicacbes desse género destaca-se 0 uso principalmente como
adstringente,  cicatrizante,  anti-inflamatéria,  antialérgica,  tbnico,  expectorante,
hipocolesterolemiante, diminuicdo da glicose sérica, efeito diurético e anti-hipertensiva,
antioxidante, bactericida e inseticida (SILVA; CECHINEL FILHO, 2002; ARGOLO et al.,
2004; ALMEIDA et al., 2006; ALBUQUERQUE, 2006; ALBUQUERQUE et al., 2007;
AGRA, FREITAS; BARBOSAFILHO, 2007; CARNEIRO et al., 2014).

2.5.1 Bauhinia monandra

Pertencente a subfamilia Caesalpinioideae e género Bauhinia, a espécie Bauhinia
monandra Kurz, devido a caracteristica singular de suas folhas em formato bifoliado é
conhecida popularmente por “Pata-de-vaca” na Amazonia, com grande valor econdmico, por
Unha-de vaca” e “Orquidea dos pobres” (LEWIS, 1987; BORGES; MENDONCA, 2009),
utilizada com fins ornamental e principalmente medicinal (MARTINS et al., 1995).

B. monandra é um arbusto ou uma arvore perene, atingindo até 15 metros de altura, com
flores de branco a roseas com apenas um estame (Figura 12), caracteristica que nomeou a
espécie (SILVA; CECHINEL FILHO, 2002). S&o plantas que crescem preferencialmente em
solos secos e com pouco nutrientes e seu fruto € uma vagem (ALVES; BRETT, 2002). Em
Pernambuco, podem ser encontradas espécies nativas como B. chelantha Stend, B. forficata
Link, B. heterandra Benth, B. membranacea Benth, B. monandra Kurz, entre outras (ALVES
et al., 2002).
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Figura 12 — Aspectos fisicos caracteristicos da Bauhinia monandra Kurz, sendo (A) Flores, (B)
Vagem e (C) Folhas.

Fonte: O autor (2022)

Dentre as caracteristicas biologicas pesquisadas, a B. monandra tem potencial de
modular a diabetes em ratos induzida experimentalmente (MCCUNE; JOHNS, 2002) e essa
capacidade pode estar relacionada a presenca de metabolitos secundarios com atividade
antioxidante (ANOSIKE, OBIDOA; EZEANYIKA, 2012). Extratos de folhas de B. monandra
se destacam nessa capacidade antioxidante por meio de suas agdes inibitorias in vitro sobre
radicais livres de DPPH, radicais de perdxido de hidrogénio e radicais livres de ions ferrosos
(NWORIE; OKORIE,2018). Extratos cloroformicos e acetato de etila das folhas de B.
monandra Kurz contém compostos com significantes efeitos antioxidantes (flavonoides e
esteroides) (ARGOLO et al., 2004) e o extrato etandlico apresentou atividade hipoglicemiante
em ratos com diabetes tipo 2 induzida também relacionada a atividade antioxidante. Dentre
esses metabolitos, foi detectada a presenca de rutina no extrato hidroetanolico das folhas de B.
monandra (FERNANDES et al., 2012).
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2.6 LECTINAS DE PLANTAS

O termo lectina, originado do latim “lectus” (significa selecionado, escolhido) designa
um grupo de proteinas que apresentam a caracteristica de ligarem-se especifica e seletivamente
a residuos de carboidratos de uma forma nédo covalente (BOYD; SHAPLEIGH;1954; HONG
et al., 2001). Séo definidas, atualmente, como uma classe de proteinas ou glicoproteinas que
contém um ou mais sitios de ligacdo para carboidratos ou derivados sem apresentar fungédo
catalitica nem caracteristicas estruturais imunoldgicas e que se ligam especifica e
reversivelmente a mono ou oligossacarideos (PEUMANS; VAN DAMME, 1995). Sdo também
conhecidas como aglutinina devido a habilidade de aglutinar eritrocitos ou outras células
(PEUMANS; VAN DAMME, 1995; KENNEDY et al., 1995; MATSUI et al., 2001). A
hemaglutinacdo permite avaliar a estabilidade da lectina a variacdes de pH e temperatura,
podendo determinar as condi¢cfes a serem usadas nas aplicacdes biotecnoldgicas (PAIVA et al.,
2010). Dessa forma, as lectinas interagem com carboidratos, aglutinam células e precipitam
polissacarideos, sem alterar suas estruturas (RATANAPO et al., 1998; ISKRATSCH et al,
2009).

Lectinas sdo encontradas de forma ubiqua na natureza, pois se fazem presente em todas
as classes e familias de organismos. Sdo encontradas desde bactérias (BOCKELMANN ET
AL., 2003), fungos (BHOWAL ET AL., 2005), virus (VIJAYAN; CHANDRA, 1999);
protozoarios (BABAL et al., 1999), insetos (CHEN et al., 1999), moluscos (ARREGUIN-
ESPINOSA; ARREGUIN-LOZANO, 1997), crustaceos (ALPUCHE et al., 2005). Estfo
presentes também em vegetais superiores em todos os tecidos como nas folhas (COELHO;
SILVA, 2000), cascas, bulbos, tubérculos (RUDIGER; GABIUS., 2001; SUSEELAN et al.,
2002), sementes (SULTAN; SWAMY, 2005), raizes (SOUZA et al., 2011), frutos, rizomas
(PEUMANS et al., 2001; SAMPIETRO et al., 2001; TATENO et al., 2003), cerne (SA et al.,
2009) e ainda em células-tronco embrionarias (ALVAREZ-MANILLA et al., 2010).

As lectinas nos animais participam no processo da endocitose, transporte intracelular de
glicoproteinas (MECKLENBURG et al., 2002), efeito cicatrizante (PEREIRA et al., 2012),
apoptose (SUZUKI et al., 2008), defesa contra microrganismos, na regulacdo da migracéo e
adesdo celular (JANKOVIC; GOLUBOVIC, 2000), influéncia na homeostasia de leucdcitos,
principalmente em células linfocitarias (KIPATRICK, 1999), acdo pro-inflamatéria na
modulacdo de processos inflamatorios (STOWELL et al., 2008) e inseticida (SANTOS et al.,
2013). Na microbiologia, j& é destacado ac¢do contra o crescimento de bactérias (Gram negativas

e positivas), além de acdo contra fungos (KNAUT, 2016), devido a sua capacidade em
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reconhecer pequenas diferencas estruturais de carboidratos complexos presentes na superficie
celular desses organismos (LUO et al., 2007). Algumas, por exemplo, apresentam participacdo
na atividade antitumoral devido a sua acdo imunomodulatoria (TIMOSHENKO et al., 2001),
pois possui habilidade em detectar alteracdes em células malignas e reducdo do potencial
tumoral (SINGH, SINGH; KAMBOJ, 2004).

A BmoLL, uma lectina especifica a galactose, é purificada a partir das folhas da
Bauhimia monandra (COELHO; SILVA, 2000). Essa lectina possui habilidade de interagir com
monocamadas de lipidios por medidas de tensdo de superficie (ROSILIO et al., 2004). Entre
suas aplicacdes bioldgicas, BmoLL reconhece de forma seletiva diferentes sorotipos de dengue,
devido aos diferentes padrdes de glicoproteinas nos soros produzidos pela resposta imune em
pacientes dengue soro positivos (ANDRADE et al., 2011), apresentando a¢do inseticida contra
larvas de Zabrotes subfasciatus e Anagasta kuehniella (MACEDO et al., 2007) e possivel efeito
antioxidante sem apresentar genotoxicidade nem citotoxicidade em células e bactérias
(SISENANDO et al., 2009).

2.7 TESTES ECOTOXICOLOGICOS
2.7.1 Artemia salina

A Artemia salina € uma espécie de crustaceo capaz de viver em ambientes
extremamente secos, dessa forma, tem se destacado por sua ampla aplicacdo em testes
ecotoxicoldgicos com moléculas obtidas de fontes vegetais (LUNA et al., 2005; ROCHA-
FILHO et al., 2015; SA et al., 2016) ou compostos sintéticos (nanomateriais, microplasticos
e/ou metais idnicos) (MADHAV et al., 2017; WANG et al., 2017; DANABAS et al., 2020). O
género Artemia no geral apresenta caracteristicas similares como adaptabilidade a variedade de
salinidade (5-250 g L-1) e temperatura (6-35 °C), ciclo de vida curto, reproducédo
partenogenética (com produgdo de nauplios ou cistos), tamanho corporal pequeno e recursos
nutritivos variados (NUNES et al., 2006; GAJARDO; BEARDMORE, 2012).

Dentre as caracteristicas morfologicas, a estrutura corporal da Artemia é formada por
cabeca, olhos compostos, labio, antenas, mandibulas, maxilas, térax (onze segmentos) e com
oito segmentos, 0 abdémen (Figura 13). Os segmentos genistais sdo dois segmentos abdominais
anteriores e destes, o primeiro carrega os gonépodes, responsavel pelo utero da fémea ou as
penes emparelhadas do macho. Além disso, o corpo é coberto por um exoesqueleto fino e
flexivel de quitina, com os musculos fixados internamente (CRIEL; MACRAE, 2002; DHONT
etal., 2013).
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Figura 13 — Morfologia da Artemia Salina
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Fonte: Vinatea (2018)

O ciclo de vida da Artemia inicia-se quando fémeas gravidas produzem filhotes por meio
das vias ovoviparos (Figura 13), nauplios nadadores livres, ou oviparos (estagio dormente)
(MUNTEANU, 2011; WEN-MING et al., 2013). Os cistos dormentes estdo inicialmente em
estado quiescente, com diversas mudancas endogenas para que quando as condi¢des ambientais
e climaticas forem favoraveis, ocorra a eclosdo do embrido (MA et al., 2013; IRYANI et al.,
2020; MARDEN; BROWN; BOSTEELS, 2020; SELLAMI; NACEUR; KACEM, 2021). Ap6s
a eclosdo, os denominados nauplios passam por diversas transformagdes e maturacdo até atingir
a fase adulta (MARDEN; BROWN; BOSTEELS, 2020).
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Figura 13 — Ciclo de vida da Artemia salina.
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O ensaio de letalidade com Artemia salina é rapido e requer recursos minimos (RAJABI
et al., 2015), mostrando-se muito vantajoso, devido sua praticidade, baixo custo e possuir
resultados confidveis. Esses testes consistem na exposicdo dos nauplios por aproximadamente
24-48 horas (fases Il ou I11) em diferentes concentragdes da amostra analisada para a observacao
da mortalidade ao final do periodo de exposi¢do (PACHECO et al., 2021).

2.7.2 Danio rerio

A avaliacdo da ecotoxicidade ambiental de substancias depende da realizacéo de estudos
in vivo atraves da exposicdo aguda, subcronica e cronica e que possam prever efeitos
fisiopatoldgicos (ZBINDEN, 1991). Durante décadas, ratos e camundongos representaram 0s
principais alvos para estudos de toxicidade em humanos. Entretanto, nos ultimos anos a
utilizacdo desses vertebrados modelo tem sido reduzida, substituida ou refinada como parte do
principio dos 3Rs em experimentagdo animal (do inglés reduction, replacement e refinement)
(GONCALVES et al., 2020). Neste contexto, o peixe-zebra (Danio rerio), também conhecido
como zebrafish ou paulistinha, figura como promissora alternativa em estudos de toxicidade

devido ao baixo custo de producdo, desenvolvimento rapido, a elevada homologia do seu
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genoma com o humano e a possibilidade de mensurar diversos endpoints de toxicidade - os
quais, em conjunto, facilitam a criagcdo de plataformas de screening de alto rendimento (high-
throughputscreening) (ZHANG; PETERSON, 2020).

O D. rerio é uma espécie de peixe tropical de agua doce nativa do sul da Asia e membro
da familia Cyprinidae (HAMILTON, 1822). E considerado um peixe de pequeno porte (3-5
cm), geralmente encontrado em agua parada ou lenta, pH de aproximadamente 8,0; clareza
relativamente alta (£ 35 cm), alimenta-se de racdo seca (100 microns para larvas, 300/400
microns para peixes adultos) ou espécies de Artemia, possuindo um padréo de cor distinto com
base em listras horizontais escuras e claras de forma alternada (Figura 15) (LAWRENCE, 2007,
SPENCE et al., 2008; AVDESH et al., 2012).

Figura 15 — Danio rerio (Peixe-zebra).

Fonte: Basu et al., 2013 (Adaptado)

Quanto ao ciclo de vida, um embrido de D. rerio se desenvolve ap6s 36 horas da sua
fertilizacdo (Figura 16). Dessa forma, o évulo fertilizado sofre diversas divisdes mit6ticas para
formar uma capa de células durante a gastrulacéo e em seguida, desenvolve-se um eixo corporal
alongado com cabeca e cauda Gbvias. As larvas sdo inicialmente imoveis, com movimentos de
cauda ocasionais que ap6s de cinco dias, nadam até a superficie e o ar presente infla suas bolsas
de gas. Depois disso, tornam-se capazes de nadar de forma continua, bem como se alimentar
s6. Um més apds a fertilizacdo, ocorre a metamorfose e envolve a perda da nadadeira larval,
remodelacdo do sistema intestinal e nervoso, assim como surgimento de escamas e
caracteristicas sexuais secundarias, diminuindo o crescimento a medida que o peixe adulto
atinge a maturidade reprodutiva e comeca a gametogénese (trés meses) (D'COSTA,;
SHEPHERD, 2009).
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Figura 16 — Ciclo de vida do Danio rerio.
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D. rerio tem ainda se mostrado como um sistema modelo versatil, sendo utilizado desde
estudos de exposicdo aguda com embrides a investigacdes ao longo do desenvolvimento e até
transgeracionais (WIRBISKY et al., 2016; CLEARY et al., 2019). Dessa forma, essa espécie
tem muitas semelhangas fisioldgicas e genéticas com os humanos, incluindo o cérebro, trato
digestivo, musculatura, vasculatura e sistema imunoldgico inato (LIESCHKE et al., 2001;
WEINSTEIN, 2002; GUYON et al., 2007; GORE et al., 2012; KANUNGO et al., 2014;
KALUEFF; STEWART; GERLAI, 2014; ZHAO; HUANG; YE, 2015). Além disso, 70% dos
genes de doencas humanas tém semelhancas funcionais com essa espécie (SANTORIELLO;
ZON, 2012). Com isso, D. rerio tem sido amplamente utilizada como organismo modelo para
estudos toxicoldgicos, devido a sua facil acessibilidade, grande quantidade de embrides
produzidos a cada ciclo de reproducgéo, tamanho pequeno e é bastante sensivel a uma grande
quantidade de substancias quimicas (DAI et al., 2014; GIANNACCINI et al., 2014;
SNEDDON; HALSEY; ENTERRAR, 2017). Nos ultimos anos, avaliacdo genotdxica quanto
aos danos no DNA e mecanismo de reparo dessa espécie tem sido realizado, tendo em vista que
0 genoma desse peixe tem genes ortélogos envolvidos em todas as vias de reparo de DNA em
eucariotos (CHANG et al., 2017; MARTINS et al., 2018; AKSOY et al., 2019; COSTA et al.,
2019).
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Uma vez que, as aplicagdes bioldgicas reportadas para as folhas de B. monandra foram
direcionadas apenas para a lectina isolada, e sabendo que extrato e fragcdes enriquecidas podem
apresentar resposta ao alvo bioldgico e da vantagem de custos no processo de purificacdo e
isolamento de lectinas, o presente estudo teve como objetivo avaliar a toxicidade das
preparacOes (extrato salino e fracdo) de folhas de B. monandra sobre diferentes estagios de
desenvolvimento de B. glabrata (embrifes e caramujos adultos), parametros reprodutivos
(fecundidade e fertilidade) e sobrevivéncia, citotoxicidade e genotoxicidade, além de analisar
atividade cercarecida de S. mansoni e sua ecotoxicidade ambiental utilizando o bioindicador

Artemia salina e Danio rerio.
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3. OBJETIVOS

3.1. Geral

Avaliar preparacdes de folhas de Bauhinia monandra contendo a Lectina BmoLL sobre
Biomphalaria glabrata, resposta humoral, cercarias de Schistosoma mansoni e

monitoramento ambiental com Artemia salina.

3.2. Especificos

Obter as preparacOes extrato salino e fragéo de folhas de B. monandra;

Avaliar a atividade moluscicida do extrato salino e fragdo sobre embrides e caramujos
adultos da B. glabrata;

Avaliar parametros de fertilidade e fecundidade da B. glabrata apds exposicdo ao
extrato salino e fracdo protéica;

Avaliar a citotoxicidade sobre hemacitos de B. glabrata (micronicleos, binucleadas e
outras anomalias hemocitarias) apds exposicdo ao extrato salino e fracdo protéica;
Ensaio do cometa sobre a B. glabrata apds exposicdo ao extrato salino e fracao;
Avaliar a atividade cercarecida do extrato salino e fracéo;

Avaliar a seguridade ambiental das preparacdes com o bioindicador Artemia salina.
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5. ARTIGO - EFFECT OF BAUHINIA MONANDRA KURZ LEAF PREPARATIONS ON
EMBRYONIC STAGES AND ADULT SNAILS OF BIOMPHALARIA GLABRATA (SAY,
1818), SCHISTOSOMA MANSONI CERCARIAE AND TOXICITY IN ARTEMIA SALINA

RESUMO GRAFICO

Bauhinia monandra ¥
Composition
Leaves .
— -

Exposition

= Saline extract
= Fraction

2

& .
2

z
R
& -
»
>
S e @ A % A
Cnmurrin e nt =
" - = o
. 4 = = -
o £
P Concenaration
)
1 100
2 -~ i
S Br et 8 3 O Z e
Gl s (s Zw
zo
o . .
< R ST ST SR ST

Coacenuration (mg/mL)

Contentration oo

o s

Fonte: Aguiar et al: (2022)



ol molecules

Article

Effect of Bauhinia monandra Kurz Leaf Preparations on
Embryonic Stages and Adult Snails of Biomphalaria glabrata
(Say, 1818), Schistosoma mansoni Cercariae and Toxicity in

Artemia salina

Thierry Wesley de Albuquerque Aguiar !, José Josenildo Batista !, Silvio Assis de Oliveira Ferreira !,

Maira de Vasconcelos Lima Sampaio 2, Dewson Rocha Pereira 2, Magda Rhayanny Assuncao Ferreira 3,

3

Luiz Alberto Lira Soares 3, Ana Maria Mendonga de Albuquerque Melo 2,
Moénica Camelo Pessoa de Azevedo Albuquerque *°, André de Lima Aires 45*,

Hallysson Douglas Andrade de Araijo 1%+

check for
updates

Citation: Aguiar, TW.d.A.; Batista,
].J; Ferreira, S.A.d.O.; Sampaio,
M.d.V.L; Pereira, D.R,; Ferreira,
M.R.A; Soares, L.A.L;; Melo,
AMM.d.A; Albuquerque,
M.CPd.A;; Aires, A.d.L; etal. Effect
of Bauhinia monandra Kurz Leaf
Preparations on Embryonic Stages
and Adult Snails of Biomphalaria
glabrata (Say, 1818), Schistosoma
mansoni Cercariae and Toxicity in
Artemia salina. Molecules 2022, 27,
4993. https://doi.org/103390/
molecules27154993

Academic Editor: Thomas J. Schmidt

Received: 4 June 2022
Accepted: 29 July 2022
Published: 5 August 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org /licenses /by /
40/).

and Luana Cassandra Breitenbach Barroso Coelho 1*

1 Centro de Biociéncias, Departamento de Bioquimica, Universidade Federal de Pernambuco (UFPE),

Avenida Prof. Moraes Rego, Cidade Universitdria, n 1235, Recife 50670-420, PE, Brazil

Centro de Biociéncias, Departamento de Biofisica e Radiobiologia, Universidade Federal de

Pernambuco (UFPE), Avenida Prof. Moraes Rego, Cidade Universitaria, n 1235, Recife 50670420, PE, Brazil

Centro de Ciéncias da Satde, Departamento de Ciéncias Farmacéuticas, Universidade Federal de

Pernambuco (UFPE), Avenida Prof. Arthur de Sa, Cidade Universitaria, s/n, Recife 50740-521, PE, Brazil

Centro de Ciéncias Médicas—Area Académica de Medicina Tropical, Universidade Federal de

Pernambuco (UFPE), Avenida Prof. Moraes Rego, Cidade Universitaria, n 531-611, Recife 50670-901, PE, Brazil

5 Laboratorio de Imunopatologia Keizo Asami (LIKA), Universidade Federal de Pernambuco (UFPE),
Avenida Prof. Moraes Rego, Cidade Universitaria, n 1235, Recife 50670-901, PE, Brazil

*  Correspondence: andre.laires@ufpe.br (A.d.L.A.); hallysson.douglas@ufpe.br (H.D.A.d.A.);
luana.coelho@ufpe.br (L.C.B.B.C.)

5

Abstract: Biomphalaria glabrata snails constitute the main vector of schistosomiasis in Brazil, and
Bauhinia monandra Kurz, the leaves of which contain BmoLL lectin with biocidal action, is a plant
widely found on continents in which the disease is endemic. This work describes the composition of
B. monandra preparations and the effect on embryos and adult snails, their reproduction parameters
and hemocytes. We also describe the results of a comet assay after B. glabrata exposure to sublethal
concentrations of the preparations. Additionally, the effects of the preparations on S. mansoni cercariae
and environmental monitoring with Artemia salina are described. In the chemical evaluation, cinnamic,
flavonoid and saponin derivatives were detected in the two preparations assessed, namely the saline
extractand the fraction. Both preparations were toxic to embryos in the blastula, gastrula, trochophore,
veliger and hippo stages (LCsp of 0.042 and 0.0478; 0.0417 and 0.0419; 0.0897 and 0.1582; 0.3734 and
0.0974; 0.397 and 0.0970 mg/mL, respectively) and to adult snails (LCsq of 6.6 and 0.87 mg/mL,
respectively), which were reproductively affected with decreased egg deposition. In blood cell
analysis, characteristic cells for apoptosis, micronucleus and binucleation were detected, while for
comet analysis, different degrees of nuclear damage were detected. The fraction was able to cause
total mortality of the cercariae and did not present environmental toxicity. Therefore, B. monandra
preparations are promising in combating schistosomiasis since they can control both the intermediate
host and eliminate the infectious agent, besides being safe to the environment.

Keywords: embryotoxic effect; schistosomiasis; molluscicide potential; lectin; ecotoxicity

1. Introduction

Plants have been used as sources of raw material since prehistory; it is noticeable that
in the last four decades there has been a resurgence of interest in the study and use of plant
products [1,2]. According to the World Health Organization (WHO), approximately 85% of
the world’s entire population make use of plant extracts to solve problems directly related
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to primary health care [3]; for example, the molluscicide activity of plants as a prophylactic
alternative in the transmission of schistosomiasis [4—6].

Schistosomiasis, a parasitic infectious disease caused by parasites of the genus Schisto-
soma spp., affects more than 236 million people in 78 countries and territories worldwide [7].
In Brazil, the disease is endemic in 19 of 27 states, with an estimated 1.5 million infected,
with the northeast being the main region affected, putting 25 million people at risk of
infection. It is transmitted by mollusks of the genus Biomphalaria with B. glabrata being
the main vector responsible for releasing thousands of cercariae daily into the aquatic
environment; in three months, a single mollusk generates approximately 10 million new
descendants [8-11].

The World Health Organization recommends the population control of mollusks with
the application of the molluscicide niclosamide (Baylucide, Bayer®) only in localities with
high prevalence of schistosomiasis, due to its high toxicity to non-target species, such as
fish, plants and other organisms present in the aquatic ecosystem [12,13]. Thus, there is an
urgent need for investment in research that can contribute to new molluscicide alternatives
which are effective, biosafe and present high selectivity. This scenario encouraged our
research group to study bioactive natural products in the population control of B. glabrata
mollusks, their infectious agent (S. mansoni cercariae) and the evaluation of environmental
ecotoxicity with reference bioindicators [14-16].

In this context, plants of the genus Bauhinia (Fabaceae family) are widely found on
continents where endemic diseases for schistosomes are reported, such as Africa and
Asia, as well as Central and South America [17]. In Brazil, Bauhinia monandra Kurz [18]
is popularly known as “pata-de-vaca” and several of its biotechnological applications
have already been reported [19,20]. For example, lectin, a protein that binds to galactose
carbohydrate by specific and reversible recognition, was purified to homogeneity from the
leaves of B. monandra (BmoLL, B. monandra leaf lectin) and presented insecticide activity
against Anagasta kuehniella (Lepidoptera: Pyralidae), Zabrotes subfasciatus and Callosobruchus
maculatus (Coleoptera: Bruchidae) [21,22]. In addition, promising results were observed
with endophytic isolated from the leaves of B. monandra, which showed fungicidal and
bactericidal actions [23,24]. Regarding the toxicity parameter using the Artemia salina
environmental bioindicator model, one of the most frequently used species for toxicity
testing, BmoLL did not affect the survival of nauplii, not even at high concentrations of 250
1000 pg/mL [15]. Different organic extracts of leaves of B. variegata showed molluscicidal
action against Lymnaea acuminata adults, the intermediate host of Fasciola gigantica, against
which the ethanolic (LCs 14.4 mg/L in 96 h) and the fraction (LCsp 20.3 mg/L) were the
more effective [25]. Thus, these studies demonstrate that extracts and fractions of species of
the genus Bauhinia are promising in the control of vectors, including snails, of importance
in human and veterinary medicine.

This is the first study to explore the analysis of the composition of the saline extract
and fraction of leaves of B. monandra and its molluscicidal action on different embryonic
and adult stages of B. glabrata, as well as reproductive parameters (fecundity and fertility)
and cytotoxicity and genotoxicity on hemocytes. Concurrently, the cercaricidal activity on
S. mansoni (mobility /mortality), the infective evolutionary phase for the definitive host
(man), and environmental safety using the bioindicator/non-target organism Artemia salina
are explored.

2. Results and Discussion
2.1. Analysis of the Composition of Saline Extract and Fraction of B. monandra Were Assessed
The saline extract obtained from the suspension in NaCl 0.15 M (0.45% yield—15 g of
powder) presented a protein concentration of 19.5 mg/mL, hemagglutinating activity (HA)
of 1024 and a specific hemagglutinating activity (SHA) of 52.51. On the other hand, the
fraction (0-60%), obtained with ammonium sulfate with 60% saturation, presented a yield
of 0.26 mg/100 mL, equivalent to 0.26%, and contained 2.5 mg/mL of protein, 2048 HA and
809.6 SHA, revealing that both preparations contained lectin. While in the electrophoresis
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profile, BmoLL presented with two bands, one larger (33 KDa) and one smaller (27 KDa) in
both preparations (Figure 1), confirming the presence of lectin in the samples.

Figure 1. Electrophoresis profile. Application order: (A) Lectin BmoLL, (B) saline extract and
(C) fraction.

In the TLC analysis, the presence of sugars with reddish-pink bands, saponins with
light brown bands, flavonoids with a fluorescent yellow band and cinnamic derivatives
with a bluish band were evidenced in the extract, while the fraction presented flavonoids
and cinnamic derivatives (same bands but in lower intensity). The following classes of
secondary metabolites were not evidenced in the extract and fraction: tannins, alkaloids,
anthracenes and coumarins, and saponins were not evidenced in the fraction. Based on
these results, the samples were analyzed by HPLC, monitored at 350 nm and the chro-
matographic profile represented in Figure 2A,B. Several peaks were observed in the HPLC
profile with the use of a DAD detector, with five peaks being indicative of the presence
of flavonoids (Figure 2C) [peak 1, retention time (rt) = 19.43 min; peak 2, rt = 24.25 min;
peak 4, rt = 25 min; peak 5, equivalent to rutin, rt = 25.83 min; peak 7, rt = 29.40 min], one
of hydroximic derivative (peak 3, rt = 24.74 min). Using the DAD detector, it was possible
to verify that the UV-scan spectra of the compounds observed correspond to the presence
of flavonoids in the sample [26], whose absorption maxima were: 255.5/355.7 nm (peak 1);
255.9/355.1 nm (peak 2); 258 /354 nm (peak 4); 252/355 nm (peak 5) and 250/270 /350 nm
(peak 7). The compound evidenced in peak 3, with absorption maxima at 245.5/328.3 nm,
corresponds to the presence of a hydroxycinnamic derivative, whose scanning spectrum
was similar to the caffeic acid standard analyzed. The presence of rutin was confirmed by
injecting the rutin standard, whose peak was observed in the same retention time for the
rutin peak in the sample and with the same scanning spectrum. The rutin content for the
saline extract and fraction was 0.53 4= 0.0010% and 0.24 =+ 0.0033%, respectively. Our results
are similar to studies with BmoLL conjugated with quantum dots [20] which showed an
HA of 1024 in hemagglutination tests, as well as in studies with extract of Viola tricolor [27]
and ethanol extract of Caesalpinia pyramidalis [28] regarding the presence of this metabolites.
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Figure 2. HPLC analysis of Bauhinia monandra samples. Chromatogram of the saline extract (A) and
fraction (B); scan spectra (190-400 nm) corresponding to peaks 1 to 7 evidenced in both prepara-

tions (C). All analyses at 350 nm.

2.2. Effect of Preparations on B. glabrata Embryos

The evaluation of embryotoxic activity on embryos of B. glabrata snails is an essential
aspect for assays of a molluscicide that attests efficiency in the control of Schistosoma
mansoni [29]. From this perspective, the preparations presented embryotoxicity directly
proportional to the concentrations used as observed in Table 1.

Table 1. Unviability of the different embryonic stages of B. glabrata exposed to saline extract and
fraction of B. monandra.

Unviable by Test %
Experimental Groups Embryonic Stages
Blastula Gastrula Trochophore Veliger Hippo Stage
H,O 1.3+ 05 03+ 05 2 | Tes, 1.6+ 0.6
NCL 100 + 0.0 100 + 0.0 100 + 0.0 100 + 0.0 100 + 0.0
Saline Extract (mg/mL) Blastula Gastrula Trochophore Veliger Hippo Stage
0.0125 253+£7.0° 14.0+34° 06+05 36+15 16+20
0.025 337 £20°¢ 370+£136°¢ 13.6 +64°¢ 11.0+£20 1.3+05
0.05 61.0+120°¢ 550+53¢ 29.6+35¢ 14.6 +46° 53+20
0.1 877 £15° 71.3:£25¢ 63.0+4.0°¢ 23.6+20°€ 16.6 £2.02
02 100 £0.0¢ 100 £0.0¢ 773 +46°¢ 26.0+52¢ 230+'52¢
04 100 £0.0¢ 100 £0.0¢ 903+1.1¢ 59.3+66¢ 516 +176¢
0.6 100 £ 0.0€ 100 £ 0.0€ 100 £ 0.0¢ 100+ 0.0¢ 100 + 0.0 ¢
Fraction (mg/mL) Blastula Gastrula Trochophore Veliger Hippo Stage
0.0125 13.3+3.5 40+1.0 5.6+35 13+0.6 20+1.0
0.025 21.3:+25¢ 330+45¢ 76+23 11.3+25 3.6+25
0.05 376 +£15¢ 576 t£41¢ 2434+ 37¢ 203+ 72¢ 243+ 6.0°¢
0.1 653 +9.0¢ 886 +20¢ 426 +£3.8¢ 51.3.£55¢ 510+91¢
02 100 £ 0.0°¢ 100+ 0.0¢ 640+26°¢ 67.7 £42°¢ 573+ 47°¢
04 100 £ 0.0€¢ 100 £0.0€ 95.7:£2.5°¢ 927 +£3.0°¢ 753 +45¢
0.6 100 £ 0.0€¢ 100 £ 0.0€ 100 £0.0¢ 100+ 0.0¢ 100 + 0.0 ¢

Values were expressed as mean + standard deviation. H,O = negative control (dechlorinated filtered water);
NCL = niclosamide—1.0 pg/mL and different concentrations of extract and fraction of B. monandra leaves

(mg/mL). Each concentration was compared with the negative control: significance ® = p <0.05;® = p < 0.005;
€ =
=p < 0.0001.
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The embryos exposed to dechlorinated filtered water (negative control) showed a low
unviability rate (Figure 3A-E), while the niclosamide (positive control) showed 100% mor-
tality (Figure 3 F-J). The saline extract—at the lowest concentrations (0.0125 to 0.1 mg/mL)—
showed unviability percentages of 25.3% to 87.7% and 14% to 71.3% for the stages of blastula
and gastrula, respectively, while the fraction presented unviability of 13.3% to 65.3% and
4% to 88.6%, respectively, at the same concentrations. While in the trochophore, veliger and
hippo stage, the extract presented—at concentrations of 0.1 to 0.4 mg/mL—non-viability
ranging from 63.0%, 23.6% and 16.6% to 90.3%, 59.3% and 51.6%. However, when ex-
posed to the fraction, the embryos in these stages presented greater sensitivity, especially
in the concentration of 0.4, which revealed 95.7%, 92.7% and 75.3% unviability. In both
preparations, when evaluated for the same stages, they showed 100% unviability when
exposed to a concentration of 0.6 mg/mL. Studies when evaluating the embryotoxicity
of Euphorbia milii latex [30] and aqueous extract of Moringa oleifera flower [31] observed
toxicity to B. glabrata embryos; however, when compared to the preparations of B. monandra,
they required higher concentrations or exposure time (0.2 mg/mL in 96 h and 0.5 mg/mL
in 24 h, respectively) to produce a toxic effect (LCsp of 0.03 mg/mL and 2.37 mg/mL,
respectively). Table 2 shows the values found for the lethal concentrations LC;g, LCsp and
LCy with both preparations.

Figure 3. Embryonic stages of B. glabrata and exposure to saline extract and fraction for 24 h.
Negative control in blastula stages (A); gastrula (B); trochophore (C); veliger (D) and hippo stage (E);
embryos exposed to the positive control niclosamide, 1.0 pg/mL, (F-J); embryos exposed to saline
extract at different concentrations (K-O); embryos exposed to the fraction at different concentrations
(P-T). 1: Live embryo; 2: dead embryo; 3: hydropic embryo; 4: embryo with developmental delay;
5: malformation of the shell. All images with 40 x magnification.

Although the mechanism of action has not yet been elucidated, our results demonstrate
that B. monandra preparations have high toxicity and are capable of penetrating both the
membrane and the gelatinous mass of the egg containing an embryo and causing unviability,
as observed in Figure 3. The initial stages of blastula and gastrula showed a higher
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susceptibility to our preparations, a result that was similar to that observed with usnic
acid [32]. This effect is attributed in the initial stages to the strong cell proliferation observed
in embryos in both stages, which make them more subject to teratogenic and lethal effects
even in acute exposures [33,34]. Among the malformations observed, developmental delays
stand out (Figure 3M), as well as hydropic embryos (Figure 3P) and shell malformations
(Figure 3N). According to the study using saline extract and fraction enriched with lectin
from Parkia pendula seeds [35], the different alterations presented after exposure may be
associated with the capacity of protein/lectin to bind to different carbohydrates, causing
damage, inhibition of hatching and death of these embryos. Embryos with teratogenic
effects rarely hatch [36], thus, the presence of morphological alterations in embryos exposed
to B. monandra preparations demonstrate the capacity to inhibit development and hatching,
consequently causing population control of this host.

Table 2. Lethal concentrations of the different embryonic stages of B. glabrata after exposure to saline
extract and fraction of B. monandra.

Lethal Concentrations (LC) (mg/mL)

Saline Extract LCyo LCsq LCyg
Blastula 0.0056 (0.0046-0.0067)  0.0420 (0.040-0.0434)  0.1552(0.1538-0.1567)
Gastrula 0.0065 (0.0054-0.0077)  0.0417 (0.0405-0.0428)  0.1613 (0.1601-0.1624)

Trochophore 0.0166 (0.0150-0.0183)  0.0897 (0.0880-0.0913)  0.3981 (0.3964-0.3997)

Veliger 0.0312 (0.0219-0.0405)  0.3734 (0.3641-0.3827)  0.573 (0.5636-0.5823)
Hippo Stage 0.0476 (0.0371-0.0580)  0.3970 (0.3866-0.4075)  0.5925 (0.582-0.6029)
Adult snails 24 h) 3.73 (3.15-4.30) 6.6 (6.02-7.18) 9.47 (8.898-10.05)
Fraction LCyo LCso LCoo
Blastula 0.0073 (0.005-0.0096)  0.0478 (0.0455-0.0501)  0.1681 (0.1658-0.1703)
Gastrula 0.0071 (0.006-0.0082)  0.0419 (0.0408-0.0430)  0.1579 (0.1567-0.1590)
Trochophore 0.0227 (0.019-0.0263)  0.1582 (0.1544-0.1620)  0.3791 (0.3753-0.3829)
Veliger 0.016 (0.0126-0.0194)  0.0974 (0.094-0.1008)  0.3685 (0.3651-0.3719)
Hippo Stage 0.0178 (0.0143-0.0213)  0.0970 (0.0935-0.1005)  0.5489 (0.5454-0.5524)
Adult Snails (24 h) 0.37 (0.26-0.49) 0.87 (0.75-0.99) 1.70 (1.58-1.82)

()—95% confidence interval.

2.3. Effect of Preparations on Adult Snails of B. glabrata

The exposure of the preparations onadult snails of B. glabrata showed a dose-dependent
effect, as observed in Figure 4. The saline extract showed a mortality percentage of 16.6%
at a concentration of 4.0 mg/mL in 24 h (Figure 4A). However, the fraction was shown to
be more active in the concentrations analyzed, with mortality percentages of 83.3% at a
concentration of 1.0 mg/mL and 100% at a concentration of 2.0 mg/mL (Figure 4B). When
evaluated for 7 days after exposure, the saline extract (48 h) presented increasing mortality
(Figure 4C) with percentages of 63% to 100% (0.5-4.0 mg/mL) while the fraction (24 h) was
constant (Figure 4D). All B. glabrata snails that died during exposure demonstrated intense
retraction, mucus production and hemolymph release. Similar alterations, such as tissue
damage and loss of biological functions to B. glabrata snails, were observed with exposure
to the saline extract and fraction of P. pendula [35].

The population control of the intermediate host is of paramount importance, because
the interruption of the life cycle of the parasite prevents the emergence of new cases of the
disease [37]. Thus, the search for plant preparations that present molluscicide activity has
increased in recent decades [38—40]. Samples containing secondary metabolites (saponins,
tannins, steroids and flavonoids) were suggested as the main agents [41,42], thus, secondary
metabolites present in the leaves of B. monandra indicate constituents capable of presenting
molluscicidal action. The molluscicidal activity of chlorophyll extracts were analyzed for
Biomphalaria alexandrina snails and Leptodactylus natalensis and a dose-responsive reduction
in survival rates for these vectors was observed [43]. In another trial for the population
control of snails (Pomacea canaliculata), this reduction was also observed using preparations
of Nerium indicum leaves, but at a longer exposure time (96 h) [44].
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Figure 4. Molluscicidal activity against adult B. glabrata snails. Snails exposed to saline extract (A)
and fraction for 24 h (B); snails exposed to saline extract (C) and fraction after 7 days of observation
(D); fecundity of snails exposed to saline extract (E) and fraction after 7 days of observation (F).
C = negative control; NCL = niclosamide: 1.0 ug/mL. Each concentration was compared with the
negative control: significance * = p <0.05; ** = p < 0.01 and *** = p < 0.001.

The reduction in fertility and fecundity of snails due to exposure to molluscicide
agents can help in population control [37,45]. The preparations tested in the present study
induced a decrease in egg oviposition, both in the case of the saline extract (reduction
from 10.55% to 52.65% at 0.5 and 4.0 mg/mL, respectively) (Figure 4E) and the fraction
(reduction from 9.62% to 88.52% at 0.5-1.0 mg/mL, respectively) (Figure 4F). Effects such
as reduced egg hatching and decreased fecundity rates were also seen when evaluating
the toxic capacity of Ramalina aspera [16], potassium usnate [36] and curcumin [46] on
B. glabrata. Studies have suggested that the reduction in egg deposition of snails when ex-
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posed to Haplophyllum tuberculatum [47] and organotin [48] is associated with the decreased
biosynthesis of hormones such as progesterone and testosterone, which they associated
with decreased fertility.

2.4. Effect of Preparations on B. glabrata Hemocytes

As observed in Figure 5, B. monandra preparations showed morphological alterations
in hemocytes, such as binuclear cells (BN), micronucleus (MN) and cells with morphological
characteristics of apoptosis (PA) with reduced cytoplasm and nuclear fragmentation. These
typical features of apoptosis are also described when the toxicity of cadmium telluride
(CdTe) quantum dots suspensions against B. glabrata was evaluated [49].
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Figure 5. Morphological changes after exposure to different concentrations of saline extract and
fraction. Binuclear cells (A), apoptosis (B) and micronucleus alterations after exposure to saline extract
(C); binuclear cells (D), apoptosis (E) and micronucleus alterations after exposure to the fraction (F).
C: negative control. Dot shapes are only to differentiate concentrations. Each concentration was
compared with the negative control: significance * = p < 0.05; ** = p < 0.01 and ** = p < 0.001.

The negative control presented hyalinocytes and granulocytes, as well as a few mor-
phological alterations, such as BN and AP. The saline extract had a significant effect for
BN (Figure 5A) and AP (Figure 5B) at the highest concentrations (3.0 and 4.0 mg/mL) and
MN (Figure 5C) only at 4.0 mg/mL when compared to the negative control group, with
+ mean standard deviation of 13 2.6 and 15.6 + 2.5 (BN); 4.6 +=1.5and 7 + 1 (AP) and
1.3 £ 0.5 (MN), respectively. However, for the fraction, the cellular alterations observed
were AP (Figure 5E), BN (Figure 5D) and MN (Figure 5F) only at 1.0 mg/mL with significant
differences with mean =+ standard deviation of 9 £ 2, 2.6 £ 0.5 and 1.3 £ 0.5, respectively,
in relation to the negative control group.

Hemocytes are indispensable in the immunological response of snails and their in-
crease may be related to several factors, such as environmental changes and exposure to
pathogens and /or pollutants, making it possible to perceive and quantify changes observed
in them [50-53]. Apoptosis is a self-induced mechanism of death and an important physio-
logical process for homeostasis and immune response [54]. Similar results are presented
with potassium usnate [36] and extract and fraction of P. pendula [35], demonstrating the
importance of the study with AP and BN cells to evaluate the toxic effects on B. glabrata
hemocytes. Thus, the preparations showed significant cytotoxic effects in the highest con-
centrations evaluated. However, it is possible to observe these cellular alterations in most
concentrations used, which demonstrates the toxic character of B. monandra preparations.
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2.5. Comet Test

Figure 6A shows the DNA alterations that were quantified and classified into the five
categories of damage.
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Figure 6. Comet assay images obtained from B. glabrata hemocytes stained with Sybrsafe™, and DNA
damage after exposure to different concentrations of saline extract and fraction. Different degrees
of damage, where 0 indicates absence and 1 to 4 indicates increasing DNA damage (A), damage
levels (B), index (C) and frequency of damage after exposure to saline extract (D); damage levels (E),
index (F) and damage frequency after exposure to fraction (G). C: negative control. *p <0.05 and
***p <0.001.

Snails exposed to the saline extract showed different levels of damage category
(Figure 6B) according to concentrations of 0.5 to 4.0 mg/mL, with levels 1 (58.3-63.3%) and
2 (35-29%), respectively. As for the index (Figure 6C) and frequency of damage (Figure 6D),
significant differences were observed in all concentrations with index values 135 to 146
and percentages from 96% to 100%, respectively, for the concentrations used. The fraction
showed an increase in DNA changes (Figure 6E) at the highest concentration (1.0 mg/mL),
levels 2 (26%), 3 (56%) and 4 (10.33%). The index (Figure 6F) and the frequency of damage
(Figure 6G) showed significance at concentrations of 0.75 and 1.0 mg/mL, with values of
95.81% and 98%, and 127.0 and 99.3%, respectively. Studies highlight the sensitivity that the
comet assay must assess DNA damage through the electrophoretic migration of nucleotides
present in lysed cells in a thin layer of agarose [55,56]. Although the mechanisms through
which our preparations interact with the cell producing DNA damage are not elucidated,
we can state that both preparations produce genotoxic damage in B. glabrata hemocytes.
However, studies suggest that oxygen reactive species, produced due to the oxidation of
the protoporphyrinogen oxidase enzyme, may induce genotoxicity, damaging the DNA
chain and modifying its nitrogen bases [57,58]. Furthermore, other studies also suggest
that damage to DNA and other macromolecules may result from superoxide, hydrogen
peroxide and hydroxyl radicals that result from cellular metabolism [59]. Thus, we can
suggest that the various rates of DNA damage seen with our preparations may be corrobo-
rating oxidative stress, which in an uncontrolled way results in a breakdown of the DNA
tape [35,60]. Studies also reported an increase in DNA damage rates in groups treated with
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household slat [61], sodium selenium [62] and aqueous extract of Anagallis arvensis [63],
which corroborates our results.

2.6. Evaluation of Toxicity in S. mansoni Cercariae

The parameters of motility and mortality of the cercariae exposed to the preparations
are observed in Table 3.

Table 3. Scores of cercariae exposed to saline extract and fraction of B. monandra in relation to

exposure time.
i P . Exposure Time (Minutes)
Experi tal G;
perimental Group (mg/ml) — o omin  @min _ 0min _ 120min
Controls

Negative Control H,O 3 3 3 3 3
Niclosamide 0.001 0 0 0 0 0

B. monandra

Saline extract
40 3 2 1 1 1
3.0 3 2 1 1 1
2.0 3 3 3 3 3
1.0 3 3 3 3 3
0.5 3 3 3 3 3

B. monandra

Fraction

2.0 3 2 1 0 0
1.0 3 2 2 il 1
0.75 3 3 3 2 1
0.5 3 3 3 3 3

Motility score: 3: intermittent fail-first natatory movements. 2: Reduction in movement with slow pace. 1: Contor-
tions and movement at only one end. 0: Complete absence of movement /death.

Figure 7 presents the different exposures: (A) to the negative control presenting
maintenance of the cercariae structure, (B) to niclosamide with total death of the cercariae
and (C) to the fraction, with separation of tail and cercariae body.

Figure 7. Cercariae of S. mansoni exposed to the fraction. Exposed to the negative control (A); to
niclosamide: 1.0 pg/mL (B) and to the fraction with tail and cercarial body separation (C).

After 60 min of exposure to the saline extract, it is possible to observe reduction in
movement at 3.0 mg/mL with a motility score of 1 (presenting contortions and movement
in only one extremity). The fraction, in addition to a reduction in motility (1.0 mg/mL),
presented total mortality of the cercariae, at a concentration of 2.0 mg/mL for 90 min,
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demonstrating to be more toxic. Studies reveal that this effect on the motility of the cercariae
occurs because the catalytic activity of the neurotransmitter acetylcholinesterase is reduced,
due to damage to the parasympathetic nervous system level of the cercariae [64,65], and
observed changes in the motility of S. mansoni cercariae when exposed 120 min to the
aqueous extract of Glinus lotoides [39] that resulted in low infectivity, and, consequently,
a reduction in parasitic load. When the cercariae’s mortality was evaluated in exposure
to essential oil (EO) of Croton rudolphianus leaf [40] and divaricatic acid [12], respectively,
a reduction in dose-dependent motility related to exposure time could also be observed.
In addition to these evaluations, the reduction in motility and mortality came through
exposure rough ether extract of Ramalima aspera [16] and potassium usnate [65].

2.7. Artemia Salina Acute Test

The potential ecotoxicity of the preparations was assessed with the crustacean A. salina
(Figure 8).
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Figure 8. Survival of A. salina to B. monandra preparations after 24 h exposure. Exposed to saline
extract (A) and fraction (B). C: negative control; NCL: niclosamide: 1.0 ug/mL. Each concentration
was compared with negative control: significance ** = p < 0.001.

The extract revealed toxicity in the concentrations used (0.5-5.0 mg/mL) with survival
percentages of 50-0% (Figure 8A), while the fraction, at concentrations of 0.5 mg/mL
to 3.0 mg/mL, revealed 100% to 90% survival (Figure 8B). Thus, when compared to
niclosamide (1 pg/mL), the preparations revealed higher survival of A. salina nauplii,
especially to the fraction, even when evaluated under molluscicide concentrations. This
evaluation is necessary, because the use of molluscicides usually results in environmental
toxicity, affecting species that inhabit the target locality, thus making the use punctual and
restricted, as well as the affected aquatic species being constantly monitored [66].
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3. Materials and Methods
3.1. Plant

Leaves of B. monandra were collected at the Academic Center of Vitoria (CAV) in Alto
José Leal, Vitéria de Santo Antao (8°06'59.5” S 35°17'55.1” W), Pernambuco, Brazil.

3.2. Animals

Juveniles of adult snails of B. glabrata were collected in the municipality of Sao
Lourengo da Mata (Pernambuco, Brazil) and kept in the aquaria of the Radiobiology
Laboratory of the Department of Biophysics and Radiobiology of UFPE and used as ex-
perimental animals. The snails were kept in aquariums with chlorinated filtered water
(temperature: 25 4 3 °C, pH 7.0) with light /dark cycle (12 h) and fed ad libitum daily with
lettuce leaves (Lactuca sativa).

3.3. Preparation of Saline Extract and Fraction of B. monandra

To obtain the saline extract, the collected leaves were washed in running water fol-
lowed by distilled water and allowed to dry at room temperature for 2 days. The dried
leaves were sprayed in a multiprocessor of extracts (10%, w/v) and the powder (15 g)
was added to 150 mL of citrate-phosphate buffer 10 mM, pH 6.5, containing NaCl 0.15 M.
The mixture was maintained overnight at 4 °C under gentle agitation using a magnetic
stirrer. For the fraction, after the execution of the previous step, the material was passed
through gauze and centrifuged for 15 min at 12,000 g at 4 °C. Ammonium sulfate with
60% saturation was added to the supernatant to precipitate proteins; the material was
kept under gentle agitation at 28 °C for 4 h, then centrifuged (12,000 g, 4 °C, 15 min) and
lyophilized.

3.4. Protein Concentration and Hemagglutinating Activity

The protein concentration in the preparations was determined using bovine serum
albumin as standard (0.05-05 pug/mL) [67]. Hemagglutinating activity (HA) was used to
determine the presence of lectin [68]. The hemagglutination unit was defined as a value
related to the highest dilution of the sample that agglutinated the erythrocytes and the
specific HA (SHA), the HA value divided by the protein concentration value.

3.5. Phytochemical Screening

The saline extract and the fraction were analyzed for the presence of secondary metabo-
lites according to standard procedures, using different reagents as shown in Table 4.

Table 4. Chromatographic conditions for identification of chemical profile by thin layer chromatogra-

phy (TLC).

Metabolite Class System CI:frfl;l::rchs Developer
Cinnamic derivatives (90:5:5) Caffeic acid AlCI3
Flavonoids (90:5:5) Quercetin AlCl3
Hydrolysable tannins (90:5:5) Gallic acid FeCl3
Condensed Tannins (90:5:5) Catechin Vanillin Hydrochloric + A
Coumarin (50:50:50) Coumarin KOH
Terpenes/Steroids (90:10) B-sitosterol Liebermann-Burchard + A
Saponins (16:10:2.5) Escin Liebermann-Burchard + A
Anthracenes (20:30:15:0.5) Sennoside B HNO3 + A + KOH
Sugars (100:11:11:26) Glucose Thymol + HySO4 + A
Alkaloids (70:20:10) Piperine Dragendorff

AlCl3: 5% aluminum chloride in methanol; FeCly: railway; A: enthalphy/heating; KOH: potassium hydroxide;
HNO;: nitric acid; H,SOy: sulfuric acid. 90:5:5 = ethyl acetate, formic acid and water; 50:50:50 = toluene, ethyl
ether and glacial acetic acid (saturation); 90:10 = toluene, ethyl acetate; 100:11:11:26 = ethyl acetate, glacial acetic
acid, formic acid and water; 16:10:2.5 = chloroform, methanol and water; 20:30:15:0.5 = ethyl acetate, n-butyl
alcohol, water and glacial acetic acid; 70:20:10 = toluene, ethyl acetate, diethylamine.
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Samples and reference compounds were manually applied to chromatographic plates
of silica gel 60 F254 (Macherey-Nagel GmbH & Co. KG® (Diiren, Germany). The plates
were developed in vats after saturation with the mobile phase. The tank was saturated
for 15 min at room temperature and the bands were applied. The samples were applied
to 0.5 cm from the origin and with 0.5 cm ending from the end of the plate. After plate
elution, they were dried at room temperature and observed under ultraviolet light of 254
and 365 nm and visible light. Next, they were revealed with specific reagents for each
metabolite and the bands obtained were compared to the corresponding pattern. The
order of application and visualization followed pattern, extract and fraction, while for
the detection of lectin, the electrophoresis profile in polyacrylamide gel under denaturing
conditions was observed [69]. The standard protein levels used on this research were
phosphorylase b (97 KDa), bovine serum albumin (66 KDa), ovalbumin (45 KDa), carbonic
anhydrase (30 KDa), trypsin inhibitor (20.1 KDa) and «-lactoalbumin (14.4 KDa), acquired
by GE Healthcare (Chicago, IL, USA). The gels were colored with bright Coomassie blue G
250, with the following order of application: fraction, extract and lectin BmoLL.

3.6. High Performance Liquid Chromatography (HPLC) Analysis

HPLC analysis was developed in a HPLC Ultimate 3000 (Thermo Fisher Scientific,
Waltham, MA, USA) system, coupled to a photodiode arrangement detector (DAD; Thermo
Fisher Scientific) and equipped with binary pump (HPG-3x00RS, Thermo Fisher Scientific),
degassing and automatic sampler equipped with a 20 pL loop (ACC-3000, Thermo Fisher
Scientific). The wavelengths of analysis were 270 and 350 nm. Chromatographic dissections
were obtained with a Cjg column (250 mm x 4.6 mm d.i., 5 pm) Supelco® equipped with pre-
column (Cig of 4 mm X 3.9 mm; Phenomenex®). The two-way sections were performed ata
temperature of 26 + 1 °C. The mobile phase consisted of ultrapure water (A) and methanol
(B), both acidified with trifluoroacetic acid at 0.05% and flow of 0.8 mL/min. A gradient
program was applied as follows: 0-10 min, 5-20% B; 10-14 min, 20-25% B; 14-18 min,
25-40% B; 18-25 min, 40-80% B; 25-30 min, 80% B; 30-34 min, 80-5% B; 34-36 min, 5% B.
Data were analyzed after triplicate injection and processed using Chromeleon software
(Dionex/Thermo Fisher Scientific, Waltham, MA, USA). Additionally, the content of rutin
was calculated based on the equation of the calibration curve obtained for the rutin standard
(>94%, Sigma‘Aldrich®, St. Louis, MO, USA). The calibration curve was obtained with
5 points, in the concentration range of 2.00-3.00 ug/mL, and evaluated in triplicate of each
concentration. The R2 value was greater than 0.99 (=0.9953). The curve obtained is included
in the supplementary material.

3.7. Toxicity of Preparations in Embryonic Stages of B. glabrata

The embryos were collected from aquariums containing B. glabrata snails and separated
(n =100) in the stages of blastula (0 to 15 h), gastrula (24 to 39 h), trochophore (48 to 87 h),
veliger (96 to 111 h) and hippo stage (144 to 168 h) and exposed in Petri dishes for 24 h
preparations at different concentrations (0.0125, 0.025, 0.05, 0.1, 0.2, 0.4 and 0.6 mg/mL). For
the negative and positive control, dechlorinated filtered water and niclosamide (1 pg/mL)
were used, respectively. After exposure, the embryos were washed (dechlorinated filtered
water), transferred and kept in plates containing chlorinated filtered water, monitored for
7 days, and classified as viable (normal) and unviable (malformations and dead) [65]. Two
independent experiments were carried out in triplicate.

3.8. Toxicity, Fertility and Fecundity Analysis in Adult Snails of B. glabrata

Adult snails (n = 10) with 10-14 mm shell diameter were exposed to B. monandra
preparations for 24 h, at different concentrations (0.5, 1.0, 2.0, 3.0, 4.0 mg/mL), with a
final volume of 60 mL. After exposure, the snails were washed (filtered and dechlorinated
water) and observed for 7 days, and the mortality rate recorded daily. The snails were
considered dead when they presented no movement, release of hemolymph, retraction
and/or discoloration of the shell. The negative and positive control groups were performed
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under the same conditions although chlorinated filtered water and niclosamide (1 ug/mL)
were used, respectively [70]. Two independent experiments were carried out in triplicate.
The effect on fertility and fecundity was performed by the analysis of embryos de-
posited by the surviving snails after exposure of the preparations at different concentrations
(0.54.0 mg/mL). The egg position of the embryos was recorded for seven consecutive
days, started after 24 h of exposure, being analyzed until complete hatching in the nega-
tive control group (dechlorinated filtered water). Then, after hatching, the embryos were
counted and classified as viable (normal) and unfeasible (malformed and dead) [36].

3.9. Evaluation of Cytotoxicity in B. glabrata Snail Hemocytes

Adult snails (n = 10) were exposed to the sublethal concentrations of saline extract
(0.54.0 mg/mL) and fraction (0.5-1.0 mg/mL) for 24 h. After exposure, the snails were
placed in containers with chlorinated filtered water for another 24 h. Negative control
was used under the same conditions only with dechlorinated filtered water. Surviving
mollusks (three per concentration) were randomly selected for hemolymph collection and
morphological analysis [55,71]. Hemolymph (100 uL) was collected and deposited in
microscopic slides and then ethylenediaminetetraacetic acid (EDTA) in Ringer’s solution
(10 mM) was added and stored in a wet chamber (40 min). The cells were fixed with
glutaraldehyde (200 uL; 10 min) in Ringer’s solution at 1% (v/v) and then washed with
Ringer’s solution and flushed with Giemsa at 5% (5 min). Hemocytes (n = 1000 cells/ group)
were analyzed under an optical microscope (Leica DM1000, Avantor®, Radnor Township,
PE, USA), with a 100x objective in triplicate.

3.10. Evaluation of Genotoxicity by Comet Assay

Hemolymph (100 uL) collected from B. glabrata exposed to sublethal concentrations
of saline extract (0.5-431 4.0 mg/mL), fraction (0.5-1.0 mg/mL) or dechlorinated filtered
water were homogenized in low melting point agarose (1:1). Immediately, this homogenate
was placed on microscope slides, previously covered with a normal melting point agarose
layer (1.5%) dissolved in PBS (pH 7.4), kept with coverslip and maintained at 4 °C (10 min).
After solidification, the coverslips were removed and the slides incubated in lysis solution
(2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% Triton-X 100 and 10% DMSO, pH 10.0) for
12 h (4 °C). After lysis, the slides were placed in a horizontal electrophoresis vat containing
a buffer and alkaline solution, pH 13.0 (1 mM EDTA and 300 mM NaOH), for 20 min.
Subsequently, electrophoresis was started for 20 min (4 °C) at 0.74 V/cm and 300 mA. At
the end, the slides were neutralized with Tris-HCI1 0.4 M buffer (pH 7.5; 15 min) fixed in
absolute alcohol (10 min), dried at room temperature, stored at 4 °C and subsequently
analyzed [72].

3.11. Fluorescence Microscopy Analysis

The slides were analyzed using a fluorescence microscope (Nikon H550L, Nikon In-
struments Inc., Tokyo, Japan) with magnification of 400x, excitation filter: 450490 nm,
emission filter: 500-550 nm and barrier filter: 495 nm. To blush the slides, a SYBR (In-
vitrogen) solution (50 uL; 1:500) was used and damage to the DNA of the hemocytes
was visually evaluated [73]. One hundred nuclei were counted for each replica, totaling
400 nuclei, then classified into 5 categories of DNA damage (0, 1, 2, 3 and 4), depending
on the extent of the damage. Category 0 indicates that no damage has occurred, while
categories 1 to 4 indicate increasing levels of damage to the genetic material. To assess the
degree of DNA damage, the damage index (ID) and the frequency of damage (FD%) were
used as parameters. The ID was calculated according to the formula: ID = 0 (number of
comets category 0) + 1 (number of comets category 1) + 2 (number of comets category 2) + 3
(number of comets category 3) + 4 (number of comets category 4). The FD% was calculated
as the percentage value of all comets with DNA damage (category 1-4) in relation to the
total number of comets (categories 0—4).
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3.12. Activity in S. mansoni Cercariae

Adult snails of B. glabrata infected with S. mansoni (strain, Belo Horizonte, Brazil) were
placed in Becker (60 mL), submerged in filtered and dechlorinated water (100 mL) and
exposed to artificial light (60 W; 2 h) to eliminate cercariae. A suspension of approximately
100 cercariae were kept in watch glass and exposed to preparations at different concen-
trations (0.5-5.0 mg/mL). As negative and positive controls, dechlorinated filtered water
and niclosamide (1.0 pug/mL) were used, respectively. The test was performed in triplicate
and the lethality of the cercariae was observed at intervals of 15, 30, 60 and 120 min after
exposure to preparations with the aid of a stereomicroscope (Model 5289, Lumen, Monroe,
LO, USA) [16]. During the intervals, the cercariae were evaluated regarding the motility
scores: intermittent tail-first natatory movements (3), reduction in slow-paced movement
or on the axis itself (2), lethargy and /or contortions and movement in only one end (1) and
complete absence of movement of the cercariae (0).

3.13. Environmental Ecotoxicity Assessment Using A. salina

Encysted eggs of A. salina (Brine Shrimp Co., Mackay Marine®, Great Salt Lake, UT,
USA) were placed in a beaker with 500 mL of seawater and constant arenization at room
temperature (25 &= 3 °C) for 48 h. After hatching, larvae at Instar II-III stages were collected
and divided into experimental groups (n = 10) with the help of a stereomicroscope (Wild
M3B, Heerbrugg, Switzerland) as follows: negative controls (seawater), positive control
(1.0 pg/mL-niclosamide) and preparations at different concentrations (0.5-5.0 mg/mL)
for 24 h to 25 £ 3 °C [74]. Two experiments were carried out in quadruplicate and the
evaluation of mortality and survival performed with the help of a stereomicroscope.

3.14. Statistical Analysis

Statistical analysis was performed using the software GraphPad Prism 5.0 (San Diego,
CA, USA). The analysis of variance (ANOVA) was employed, and the results were ex-
pressed as mean =+ standard deviation (SD). Tukey’s test was used to identify the difference
between groups. The lethal concentrations (LC) required to kill 10%, 50% and 90% of
B. glabrata (embryos and adult snails) were calculated by Probit analysis with a confidence
interval of 95% using the StatPlus® 2009 software (Soft Analyst, Vancouver, BC, Canada).

4. Conclusions

The saline extract and fraction of B. monandra are promising candidates for the control
of S. mansoni infection, since both have had molluscicidal effects against B. glabrata and
are cercaricidal, along with having low environmental toxicity compared to that of the
commercial molluscicide niclosamide. The use of B. monandra as a new molluscicide
depends on future research to prove its action and environmental safety in large-scale field
conditions.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article /10.3390/ molecules27154993/s1, Figure S1. Calibration curve obtained for
standard rutin.
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6. CONCLUSAO

O extrato salino e fracdo de B. monandra sdo candidatos promissores para o controle da
infeccdo por S. mansoni, pois ambos tém efeito moluscicida contra B. glabrata, cercaricidas,
além de apresentarem baixa toxicidade ambiental em relagdo ao moluscicida comercial
niclosamida. A utilizacéo de B. monandra como novo moluscicida depende de pesquisas futuras

gue comprovem sua acdo e seguranca ambiental em condi¢des de campo em larga escala.
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