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RESUMO

Desde o inicio da historia da humanidade ha registro de que a medicina tradicional se utiliza de
plantas medicinais para tratar doencas inclusive durante a gestacao e o parto. Essas praticas sao
cada vez mais frequentes e podem ser incorporadas as praticas médicas modernas.
Alternanthera littoralis € empregada na medicina popular brasileira para o tratamento de
doencas inflamatorias e infecciosas. A Salvia lachnostachys Benth é nativa do Brasil e ¢
utilizada de maneira popular como anti-inflamatoria, anti-artritica e anti-hiperalgésica. Ja o cha
das folhas de Serjania erecta é popularmente utilizada no Brasil contra Ulcera e suas raizes
contra hipertensdo, além da indicagdo contra distlrbios estomacais. Ndo ha na literatura
registros dos efeitos do uso prolongado destas plantas sobre a gestante e o feto. Portanto o
presente estudo teve como objetivo avaliar os efeitos dos Extratos Etanolicos de Alternanthera
littoralis (EEAI), de Salvia lachnostachys Benth (EESI) e de Serjania erecta (EESe) sobre o
desempenho reprodutivo, o desenvolvimento embriofetal e a integridade do DNA de
camundongos fémeas Swiss prenhes. No primeiro e segundo estudo, Alternanthera littoralis e
Salvia lachnostachys Benth, respectivamente, as fémeas prenhes foram distribuidas
aleatoriamente em 3 grupos experimentais (n = 10): Grupo controle tratado com veiculo e
grupos EEAI/EESI 100 e EEAI/EESI 1000 tratados com doses de 100 e 1000 mg/kg,
respectivamente. Ja no terceiro estudo, com Serjania erecta, as fémeas prenhes foram
distribuidas aleatoriamente em 4 grupos experimentais (n = 10): Grupo controle tratado com
veiculo e grupos EESe 500, EESe 1000 e EESe 2000 tratados com as doses 500, 1000 e 2000
mg/kg, respectivamente. Em todos os estudos o tratamento ocorreu por gavagem durante todo
0 periodo gestacional até o 18° dia. Apés foram avaliados parametros relacionados ao
desempenho reprodutivo, desenvolvimento embriofetal e integridade do DNA. Os resultados
indicaram que o EEAI ndo apresentou efeitos adversos ja que ndo alterou o desempenho
reprodutivo e nem mesmo o desenvolvimento embriofetal de forma significativa nos grupos
tratados, além de ndo ser genotoxico; EESI ndo alterou os parametros do desempenho
reprodutivo, e ndo é genotdxico. No entanto, alterou o desenvolvimento embriofetal por meio
da reducdo do peso placentario, reducdo do peso fetal, aumento da frequéncia de fetos pequenos
para a idade gestacional e aumento na frequéncia de malformacgfes externas, viscerais e
esqueléticas. No que se refere ao EESe, foram encontradas alteracGes estatisticamente
significativas nos parametros biométricos de érgdos como coracdo e pulméo. Observou-se
aumento no numero e da taxa de reabsorcfes, além do aumento discreto de malformacdes
externa, visceral e 6ssea, porém ndo apresentou genotoxicidade. Diante do exposto, considera-
se que o EEAI ndo é maternotoxico, ndo altera o desempenho reprodutivo, ndo apresenta
potencial teratogénico e nem genotoxicidade. O EESI ndo é maternotdxico, ndo altera o
desempenho reprodutivo, ndo é genotdxico, mas altera o desenvolvimento embriofetal, e devido
ao seu potencial teratogénico desaconselha-se 0 seu uso no periodo gestacional. Sobre o EESe
observou-se que ele foi maternotoxico na dose de 2.000mg/Kg pois levou todos os individuos
amorte, e em doses menores ndo apresentou maternotoxicidade e nem genotoxicidade. O EESe
é embriofetotdxico ja que aumentou 0 nimero e a taxa de reabsorcao e possui baixo potencial
teratogénico. Logo, contraindica-se o seu consumo no periodo gestacional.

Descritores: teratogénese, mutagénese, genotoxicidade, plantas medicinais.



ABSTRACT

Since the beginning of human history, there have been records that traditional medicine has
used medicinal plants to treat diseases, including during pregnancy and childbirth. These
practices are increasingly common and can be incorporated into modern medical practices.
Alternanthera littoralis is used in Brazilian folk medicine for the treatment of inflammatory
and infectious diseases. Salvia lachnostachys Benth is native to Brazil and is popularly used as
anti-inflammatory, anti-arthritic and anti-hyperalgesic. Serjania erecta leaf tea is popularly
used in Brazil against ulcers and its roots against hypertension, in addition to being used against
stomach disorders. There are no records in the literature of the effects of prolonged use of these
plants on the pregnant woman and the fetus. Therefore, the present study aimed to evaluate the
effects of Ethanol Extracts of Alternanthera littoralis (EEAI), Salvia lachnostachys Benth
(EESI) and Serjania erecta (EESe) on reproductive performance, embryofetal development and
DNA integrity of female mice swiss pregnant. In the first and second studies, Alternanthera
littoralis and Salvia lachnostachys Benth, respectively, pregnant females were randomly
assigned to 3 experimental groups (n = 10): Control group treated with vehicle and groups
EEAI/EESI 100 and EEAI/EESI 1000 treated with doses of 100 and 1000 mg/kg, respectively.
In the third study, with Serjania erecta, pregnant females were randomly distributed into 4
experimental groups (n = 10): Control group treated with vehicle and groups EESe 500, EESe
1000 and EESe 2000 treated with doses 500, 1000 and 2000 mg /kg, respectively. In all studies,
treatment occurred by gavage throughout the gestational period until the 18th day. Afterwards,
parameters related to reproductive performance, embryofetal development and DNA integrity
were evaluated. The results indicated that EEAI did not present adverse effects since it did not
change the reproductive performance or even the embryofetal development in a significant way
in the treated groups, in addition to not being genotoxic; EESI did not alter reproductive
performance parameters and is not genotoxic. However, it altered embryofetal development by
reducing placental weight, reducing fetal weight, increasing the frequency of small-for-
gestational-age fetuses, and increasing the frequency of external, visceral, and skeletal
malformations. With regard to the EESe, statistically significant changes were found in the
biometric parameters of organs such as the heart and lungs. An increase in the number and rate
of resorptions was observed, in addition to a slight increase in external, visceral and bone
malformations, but it did not show genotoxicity. Given the above, it is considered that EEAI is
not maternal toxic, does not alter reproductive performance, does not have teratogenic potential
or genotoxicity. EESI is not maternal toxic, does not alter reproductive performance, is not
genotoxic, but alters embryo-fetal development, and due to its teratogenic potential, its use in
the gestational period is not recommended. Regarding EESe, it was observed that it was
maternal toxic at a dose of 2,000mg/Kg, as it led all individuals to death, and at lower doses, it
did not show maternal toxicity or genotoxicity. EESe is embryofetotoxic as it increased the
number and rate of reabsorption and has low teratogenic potential. Therefore, its consumption
during pregnancy is contraindicated.

Key words: teratogenesis, mutagenesis, genotoxicity, medicinal plants.
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1. INTRODUCAO

Plantas medicinais sdo utilizadas para fins preventivos e terapéuticos desde tempos
imemoriais e esse conhecimento tradicional é utilizado pela industria farmacéutica, pois ha
grande potencial para a descoberta de novos medicamentos e até aperfeicoamento de férmulas
ja existentes (ARAUJO et al., 2016).

O uso de plantas medicinais cresceu em todo o mundo nas Gltimas duas décadas e a
Organizacdo Mundial de Saude (OMS) estima que 65% - 80% da populacdo mundial
principalmente dos paises em desenvolvimento, depende de plantas medicinais para fins de
salde. Logo, elas sdo vistas como uma forma essencial, e muitas vezes a Unica, para tratar
doencas na auséncia da medicina convencional (medicamentos alopaticos) (BRUNO et al.,
2018; AHMED, et al., 2021; BALARASTAGHI et al., 2021).

Devido ao facil acesso as plantas medicinais, a sua disponibilidade e a crenca geral de
que tratamentos naturais ndo causam efeitos adversos, acredita-se que o uso plantas é seguro e
ndo causam riscos a salde. Essa falsa ideia de seguranca demonstra ainda mais a necessidade
de pesquisas neste campo (HYACIENTH et al., 2020).

Em contrapartida, tais plantas podem associar-se a efeitos nocivos como resultado de
toxicidade direta, interacfes erva-droga, constituintes téxicos, contaminacdo ou adulteracdo
com metais toxicos ou mesmo medicamentos convencionais ndo divulgados (por exemplo,
esteroides, anti-inflamatérios nédo esteroides) (KAM; BARNETT; DOUGLAS, 2019). Além
disso, muitas espécies sdo consumidas e vendidas livremente em mercados e feiras com pouca
ou nenhuma comprovacdo de suas atividades farmacolégicas e sem controle de qualidade e
sanitario e, em geral, esses produtos comercializados livremente também ndo possuem teste de
seguranca (USTULIN, et al., 2009).

A literatura apresenta estudos clinicos e pré-clinicos que identificaram efeitos
teratogénicos e/ou abortivos de algumas plantas que s&o comumente usadas ou de seus
derivados. Esse fato serve de alerta contra a suposicdo de que as plantas e seus derivados néo
sdo inofensivos apenas porque sdo naturais. Logo, ha necessidade de ampliar a base de pesquisa
sobre as plantas medicinais e de medicamentos usados durante a gestacdo para gerar dados
cientificos de efeitos terapéuticos e deletérios (BERNSTEIN et al., 2020).

O Brasil, um pais composto por diversos biomas, possui grande biodiversidade e,
portanto, pode ser uma importante fonte de novos produtos terapéuticos. Ao que se sabe, apenas
uma minoria das plantas que compdem a biodiversidade brasileira foi cientificamente estudada

qguanto a sua qualidade, seguranca e eficacia, sobretudo no que diz respeito a gestacédo
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(MARTINS et al., 2015). Dentre as plantas da biodiversidade brasileira destaca-se a
Alternanthera littoralis, a Salvia lachnostachys benth e a Serjania erecta que sdo nossos objetos
de estudo.

Antes dos ensaios clinicos em seres humanos, o primeiro passo no desenvolvimento das
diretrizes sobre a avaliacdo da qualidade, seguranca e eficacia do medicamento, é testar em
animais. E bem conhecido que a maioria dos estudos de teratogenicidade, geralmente, usa
animais para identificar a potencial toxicidade ou interferéncia de produtos quimicos ou drogas
no desenvolvimento embrionario. Assim, pode-se supor o0 que aconteceria em seres humanos
visto que consequéncias teratogénicas identificadas em animais também sdo encontradas em
seres humanos (L1 et al., 2019).

Na literatura ndo foram encontrados dados sobre os efeitos dos extratos etanolicos da
Alternanthera littoralis (EEAI), da Salvia lachnostachys benth (EESI) ou da Serjania erecta
(EESe) no periodo gestacional. Também ndo foram encontrados estudos que garantam a
seguranca do desenvolvimento embriofetal e isso € imprescindivel para a salde da gestante e
deu seu feto. Desta forma, o presente estudo teve como objetivo avaliar os efeitos do EEAI,
EESI e do EESe sobre desempenho reprodutivo, desenvolvimento embriofetal e integridade do

DNA de camundongos fémeas prenhes.



12

2. REVISAO DE LITERATURA

2.1 Plantas Medicinais

Todas as culturas e civilizagdes antigas desenvolveram e promoveram seus proprios
sistemas terapéuticos, fazendo uso de recursos biolégicos disponiveis localmente com base em
observacdes empiricas e suas inferéncias. Plantas medicinais ainda sdo utilizadas mundialmente
para o tratamento de mal-estar e doencas, e este conhecimento representou no passado a Unica
opcao terapéutica para muitas comunidades e ainda hoje € a Unica alternativa para comunidades
mais isoladas (TRIBESS et al., 2015; SPONCHIADO et al., 2016).

O termo planta medicinal refere-se a uma variedade de plantas que possuem
propriedades terapéuticas. A Organizacdo Mundial da Saude (OMS) define planta medicinal
como materiais vegetais naturais que sdo utilizados na auséncia de processamento industrial
para o tratamento de doencas em escala local ou regional. Reconhece os beneficios das plantas
medicinais e as define como “a melhor e maior fonte de medicamentos para a humanidade”
(JAMSHIDI-KIA; LORIGOOINI; AMINI-KHOEI, 2018; NETO et al., 2020).

Considera-se que sdo uma rica fonte de compostos ativos, que tém efeitos fisiologicos
nos organismos vivos e sdo a base para o desenvolvimento e sintese de medicamentos.
Diferentes partes da planta podem ser utilizadas para este fim, tais como sementes, raiz, folha,
fruto, casca, flores ou até mesmo a planta inteira (JAMSHIDI-KIA; LORIGOOINI; AMINI-
KHOEI, 2018; ROCHA et al., 2019).

O uso de plantas medicinais aumentou substancialmente, seja como agentes empregados
na medicina tradicional e/ou como fonte de matéria-prima para a producdo de suplementos
alimentares, tanto na cultura ocidental quanto na asiatica (SPONCHIADO et al., 2016). A OMS
afirma que 80% da populacdo dos paises em desenvolvimento, incluindo o Brasil, utiliza
praticas tradicionais em seus cuidados basicos de salde e 85% utilizam plantas medicinais ou
preparacdes delas. Assim, é intencdo da OMS incentivar o uso da fitoterapia na atencao basica
(ARAUJO et al., 2016).

No Brasil, 66% da populacdo ndo tem acesso a medicamentos comerciais e 0 USO
popular de medicamentos a base de plantas, muitas vezes, se deve a precariedade da assisténcia
médica e farmacéutica e ao alto custo do tratamento com medicamentos convencionais
(MAZZARI; PRIETO, 2014).

A presenga de diferentes biomas brasileiros, tais como Florestas e Savanas Tropicais

Pluviais (1 - Bioma Floresta Amazonica e suas subdivisdes; 2 - Bioma Savana Amaz6nica ou
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Campinarana; 3- Bioma Floresta Atlantica e suas subdivisdes), Florestas e Savanas Tropicais
Estacionais (1 - Bioma Floresta Tropical e suas subdivisdes - Ciliar, Galeria e Mata Atlantica;
2 - Bioma Savana Tropical Estacional - Cerrado; 3 - Bioma Savana Tropical Estacional
Semiarida - Caatinga do Nordeste) e Florestas Quente-Temperadas Umidas (Bioma Floresta
Quente-Temperada Umida - Mata Atlantica - e suas subdivisdes), além de sistemas complexos
como o Pantanal e os Campos Sulinos (COUTINHO, 2016), caracterizam o Brasil como o pais
com uma das maiores biodiversidades do planeta com numeros superiores a 55.000 espécies
descritas, correspondendo a 22% do total de espécies no mundo (BOLSON et al., 2015). Essa
rica biodiversidade é acompanhada por uma longa aceitagdo das plantas medicinais e
conhecimentos tradicionais passados de forma verbal de geracdo em geracdo (CARVALHO et
al., 2014; CARVALHO et al., 2019).

De todo o potencial fitoterapico brasileiro, apenas 8% das 55.000 espécies de plantas
catalogadas ja foram estudadas para identificacdo de compostos bioativos e apenas 1.100 dessas
espécies foram avaliadas por suas propriedades medicinais (NETO et al., 2020).

A populacdo brasileira tem uma longa tradi¢cdo no uso de plantas medicinais para o
tratamento de diversas doencas agudas e cronicas e o conhecimento tradicional relacionado as
plantas medicinais é a base da medicina popular no Brasil que é derivada de uma mistura de
culturas indigenas brasileiras, influéncias europeias e africanas do periodo de colonizagédo
(BOLSON et al., 2015; DUTRA et al., 2016).

Algumas plantas brasileiras foram incluidas, décadas atras, em diferentes Farmacopeias
por possuirem substancias utilizadas na pratica médica em todo o mundo. Exemplos séo
Carapichea ipecacuanha (Brot.) L. Andersson (ipecac) conhecida popularmente como Raiz
preta ou Ipeca de mato grosso, fonte do alcaloide emético e amebicida emetina e Pilocarpus
microphyllus Stapf ex Wardlew, conhecida popularmente como Jaborandi, fonte do
antiglaucomatoso pilocarpina (PALHARES et al., 2021).

Pelo fato de as plantas medicinais serem amplamente utilizadas pela populagdo mundial
e serem fonte em potencial de farmacos terapéuticos, avaliacdes de seguranca sdo cruciais para
validar o seu uso continuo e de fitoterpicos. Dentre as avaliagdes, estudar o potencial
13enotoxicos de plantas que sdo consumidas como medicamento é essencial para garantir que

sejam realmente seguras para uso (SPONCHIADO et al., 2016).
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2.2 Alternanthera littoralis

A familia Aramanthaceae compreende aproximadamente 65 géneros e 1.000 espécies
de plantas herbéaceas anuais e perenes, arbustos e algumas arvores que ocorrem em regides
tropicais, subtropicais e temperadas (SOUZA et al., 2007). Essa familia é utilizada na nutricdo
e na medicina popular (SALVADOR et al., 2004%; SOUZA et al., 2007).

De acordo com Singla et al. (2022), o género Alternanthera compreende 139 espécies,
incluindo 14 espécies usadas tradicionalmente para o tratamento de varias doencas, tais como
a hipertensdo arterial sisttmica, dor, inflamacdo, diabetes, cancer, infeccbes microbianas e
transtornos mentais. Segundo Aquino et al. (2015), esse género possui apenas 80 espécies das
quais 30 séo encontradas no Brasil e estéo localizadas nas praias arenosas da costa leste (Figura
1).

Figura 1: Mapa de distribuigcédo da Alternanthera littoralis no Brasil; Fonte: Sistema de informagao sobre
Biodiversidade Brasileira; Disponivel em: https://ala-bie.sibbr.gov.br/ala-bie/species/283602.

Alternanthera littoralis P. Beauv. (Figura 2), conhecida popularmente como Perequito-
da-praia, possui sinbnimos botanicos (heterotipicos) e, portanto, pode ser encontrada na
literatura como Alternanthera littoralis var. maritima (Mart.) Pedersen, Alternanthera
maritima Mart. ou Telanthera maritima (Mart.) Mog. (SENNA, 2020). Apesar dos sindnimos,
a classificacdo Alternanthera littoralis P. Beauv é a mais atual e, portanto, essa serd utilizada

no presente estudo.
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Figura 2: Alternanthera littoralis; disponivel em:
https://tropical.theferns.info/viewtropical.php?id=Alternanthera%?20littoralis

A. littoralis € empregada na medicina popular brasileira para o tratamento de doencas
inflamatdrias e infecciosas (SOUZA et al., 2007), e é fonte de metabolitos secundarios como
vitexina (Al14), 2"-O-a-Lrhamnopiranosil-vitexina (A18) e 2" -O- 3-D - glucopiranosil-vitexina
(A19), que podem ser encontrados na fragdo enriquecida de flavonas glicosiladas de extratos
etandlicos dessa planta (SALVADOR; DIAS, 2004; KASSUYA et al., 2021). Tais fragdes ou
compostos podem ser responsaveis pelos resultados obtidos nos estudos descritos a seguir.

No de estudo Salvador et al. (2004b) demonstraram que a Alternanthera littoralis e seus
constituintes isolados (esteroides, saponinas e flavonoides) apresentam atividade
antimicrobiana in vitro. Assim, eles tém potencial para serem usados para fins médicos ou como
aditivos naturais antimicrobianos nas industrias cosmética e alimenticia ou possivelmente como
alternativas seguras aos antimicrobianos sintéticos.

Salvador et al. (2004a) complementaram o primeiro estudo e avaliaram a atividade
antibacteriana e antifingica dos extratos brutos de Alternanthera littoralis (Amaranthaceae), de
duas coletas distintas e obtidos por cultura de células, buscando-se averiguar a manutencgdo da
atividade antimicrobiana dos extratos obtidos da planta in vivo e in vitro. Observaram que 0s
extratos in natura inibiram o desenvolvimento de diferentes microrganismos (bactérias,
leveduras e dermatofitos) e os extratos obtidos da cultura de calos desenvolvidos em duas
condicBes de cultivo diferentes, também se mantiveram bioativos, e sugerem novos estudos
para entender seu mecanismo de acao e avaliar sua toxicidade, visando uma possivel aplicacéo

farmacéutica.
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J& Souza et al. (2007) demonstraram em seu trabalho que A. littoralis pode ser
considerada uma fonte natural promissora de compostos antioxidantes para usos terapéuticos
ou preventivos contra doengas cronicas dependentes de ROS.

Foi observado por Gasparetto et al. (2010) que a fotoativacdo dos extratos hexanico e
etandlico das partes aéreas de A. littoralis por irradiacdo produz efeito antimicrobiano contra
cepas de C. dubliniensis e que seus extratos sdo promissores como fotossensibilizadores
naturais em terapia fotodinamica.

Aquino et al. (2015) concluiram em sua pesquisa que o extrato etanélico das folhas de
A. littoralis tem efeitos anti-inflamatérios e anti-hiperalgésicos no edema, pleurisia e
hiperalgesia induzidos por carragenina (Cg) em camundongos. A 2"-O-o-L-
ramnopiranosilvitexina, um flavonoide encontrado na planta que parece ser responsavel pelos
efeitos do seu extrato. Quando testado em doses baseadas no rendimento do extrato, tanto por
via oral quanto local, foi capaz de reduzir o edema, a migracéo de leucdcitos, o extravasamento
de proteinas e a hiperalgesia induzida pela Cg.

Apesar dos estudos acima citados, ndo foram encontrados na literatura ensaios que

indiguem se esta planta medicinal pode ser utilizada de maneira segura durante a gestacao.

2.3 Salvia lachnostachys Benth

A palavra Salvia significa salde em Latim e, no século X, médicos pertencentes a
comunidade arabe acreditavam que a salvia ofereceria uma solucédo definitiva para a morte que
ocorria em todo o mundo (KANDMIR et al., 2022). A Lamiaceae é uma das maiores familias
do reino vegetal e inclui mais de 240 géneros que sdo aromaticos. Algumas espécies de Salvia
L. tém propriedades farmacoldgicas significativas e sdo utilizadas na medicina tradicional desde
os tempos antigos. Elas sdo consumidas como cha e utilizadas nas industrias de cosméticos,
aromatizantes e perfumaria (EMRE; KURSAT, 2022).

A espécie Salvia lachnostachys Benth (Figura 3) € uma erva perene do Brasil. Ocorre
de forma endémica apenas nas regifes Sul e Sudeste do pais (Figura 4) (OLIVEIRA et al.,
2022). E considerada uma espécie ornamental (LEAL; BIONDI, 2006), portanto, com
possibilidades de distribuicdo para outras regides do pais. Esta planta € conhecida como melissa
e é utilizada para o tratamento de espasmos, gripes e insdnia na medicina popular (NEGRELLE;
FORNAZZARI, 2007).
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Figura 3 - Salvia lachnostachys Benth. Dispopnivel em: https://docplayer.com.br/161697231-
Universidade-federal-do-parana-marianna-erbano.html

Figura 4 — Mapa da distribuicdo da Salvia lachnostachys Benth no Brasil; Fonte: Sistema de informacéo
sobre Biodiversidade Brasileira; Disponivel em: https://ala-bie.sibbr.gov.br/ala-bie/species/334317

O dleo essencial das flores e folhas de S. lachnostachys possui compostos alifaticos
saturados e uma fracdo sesquiterpénica (KASSUYA et al., 2009). O perfil cromatografico do
seu extrato etanolico também foi obtido por cromatografia liquida de alta frequéncia e os
seguintes compostos foram identificados: acido rosmarinico, demetilfruticulina A, &cidos
oleandlico e ursolico, fruticulina A e fruticulina B (OLIVEIRA et al., 2016; CORSO et al.,
2019; OLIVEIRA et al., 2021)).

O extrato etanolico de S. lachnostachys ja foi descrito com atividades anti-inflamatoria,
citotoxica, antiartritica, analgésica, antidepressiva e antinociceptiva e acredita-se que a
Fructiculina A seja um dos compostos que auxiliam nessas propriedades, sendo citada como


https://docplayer.com.br/161697231-Universidade-federal-do-parana-marianna-erbano.html
https://docplayer.com.br/161697231-Universidade-federal-do-parana-marianna-erbano.html
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anti-inflamatorio, anti-hiperalgésico, antidepressivo, antinociceptivo e como antineoplasica em
modelo pré-clinico in vitro e in vivo (PICCINELLI et al., 2104; OLIVEIRA et al., 2016;
SANTOS et al., 2017; RADAI et al., 2018; CORSO et al., 2020). Além disso, outros
componentes como dimetilfruticulina A, fruticulina B e demetilfruticulina B apresentaram
atividade antioxidante (OLIVEIRA et al.,, 2021), e o extrato de S. lachnostachys foi
caracterizado na literatura como quimiopreventivo e antitumoral em modelos de Ehrlich
(CORSO et al., 2019).

Em relacdo a toxicidade Corso et al. (2019) realizaram a Avaliacdo de Toxicidade
Aguda do extrato etandlico de S. lachnostachys em camundongos Swiss, de acordo com a
Organizacéo para Cooperagdo e Desenvolvimento Econdmico (OECD 423, 2002) e apontam
que a LD50 via oral, com a utilizacdo deste extrato, é superior a 2.000 mg/kg para esta espécie.
Né&o foram observados sinais de toxicidade durante os 14 dias de tratamento em camundongos
com dose Unica de 2.000 mg/kg deste extrato.

Para considerar a possibilidade de usar o extrato etandlico de S. lachnostachys para o
tratamento de artrite reumatoide ou inflamacdo crénica, Radai et al. (2018) testaram a
genotoxicidade 72 h ap6s a administracdo do extrato e evidenciaram que as diferentes doses de
do extrato utilizadas em seu estudo n&o causaram danos ao DNA.

Considerando o exposto, infere-se que o extrato de S. lachnostachys pode ser usado para
o tratamento primario de processos inflamatorios, dor e depressdo com seguranca. No entanto,
como mulheres gravidas sdo afetadas por todas essas condi¢cdes ha a necessidade de expandir
0s ensaios toxicoldgicos para avaliacdo do periodo gestacional. Soma-se a isso o fato de que
anti-inflamatorios e analgésicos sao amplamente utilizados durante a gravidez, como apontam
os estudos de Fontoura et al. (2014) e Lima et al. (2022).

Baseado nas propriedades terapéuticas existentes dessa planta, torna-se necessaria a
investigacdo de sua acdo durante o periodo gestacional, j& que nenhum dado a respeito foi

encontrado na literatura até o momento.

2.4 Serjania erecta

O grupo Paullinieae, pertence a familia Sapindaceae, apresenta distribuicdo neotropical
e compreende aproximadamente 450 espécies distribuidas em sete géneros: Cardiospermum,
Houssayanthus, Lophostigma, Paullinia, Serjania, Urvillea e Thinouia. O género Serjania

possui cerca de 231 espécies e 0 maior grupo sdo as Paullinieae (CARDOSO et al., 2013). No
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entanto, Serjania erecta (Figura 5) é uma planta medicinal pertencente a familia Sapindaceae e
a Ordem Sapindales (GUARIM-NETO, SANTANA e SILVA, 2000).

Figura 5: Serjania erecta. Disponivel em:
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:784978-1

Ela é encontrada em &reas mais secas, ao longo de bordas de florestas e em areas
acidentadas e com ervas daninhas (CARDOSO et al., 2013), e estd amplamente distribuida nas
regides tropicais do mundo e algumas espécies sdo encontradas no Brasil, principalmente nos
estados de Mato Grosso, Mato Grosso do Sul, Tocantins, Goias e Distrito Federal (Figura 6).
Esta planta é popularmente conhecida como Cinco Folhas ou Cip6-cinco-folhas (GUARIM-
NETO; SANTANA; SILVA, 2000).

Figura 6: Mapa da distribuicdo da Serjania erecta no Brasil; Fonte: Sistema de informagéo sobre
Biodiversidade Brasileira; Disponivel em: https://ala-bie.sibbr.gov.br/ala-bie/species/296678


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:784978-1
https://ala-bie.sibbr.gov.br/ala-bie/species/296678
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De acordo com Pott e Pott (1994), as folhas de S. erecta tem indicacdo popular contra
Ulcera e as raizes contra hipertensdo arterial sistémica. Guarim-Neto, Santana e Silva (2000)
reforcam essa mesma indicacdo popular e indicam o uso na forma de cha. J& Martins et al.
(2015) descrevem o uso popular de S. erecta contra disturbios estomacais.

A analise fitoquimica qualitativa do extrato hidroalcodlico obtido do caule e folhas de
S. erecta mostrou a presenca de saponinas, flavondides, triterpendides, esterdides, taninos e
catequinas. Estudos apontam que seu extrato e/ou alguns dos seus compostos isolados tem
potencial anti-inflamatorio tépico (GOMIG et al., 2008), tem efeito contra dores estomacais,
doengas ulcerativas, hipertensdo arterial sisttmica (ARRUDA et al., 2009) e apresenta
atividade antimicrobiana (CORDOVA et al., 2010; CARDOSO et al., 2013). Porém, ndo
influencia na motilidade gastrica (POTRICH et al., 2014).

Broggnini et al. (2010) e Guimaraes et al. (2015) demonstraram em suas pesquisas que
0 extrato aquoso das folhas de S. erecta atua no sistema nervoso central, inibindo a perda de
memoria e estimulando a aquisicdo e evocagdo de memoria em roedores. Além disso, exerce
atividade anticolinesterase in vitro. Essas acdes, associadas a baixa toxicidade dos extratos
tornam a S. erecta uma fonte promissora de novos compostos para o tratamento da Doenca de
Alzheimer.

Fernandes et al. (2011) observaram em seu estudo que essa planta apresenta atividade
antiofidica devido a presenca de compostos que sao capazes de inibir as atividades tdxicas do
veneno de Bothrops jararacucu, pois inibem a acdo de enzimas envolvidas nos disturbios da
coagulacao sanguinea responsaveis por processos hemorragicos.

Em relacdo a toxicidade, Arruda et al. (2009) realizaram uma Unica administracdo oral
de extrato cloroférmico na dose de 5.000 mg/kg nao produziu sinais nem sintomas de toxicidade
aguda nos animais tratados. Durante os 14 dias ap06s a administracdo do extrato, nenhum animal
morreu e ndo foram observadas alteragdes significativas no peso diario do corpo ou dos 6rgdos
até o final deste periodo. Assim, este resultado indica que o extrato ndo apresenta efeito
toxicologico agudo quando administrado por via oral em camundongos machos e fémeas.

Broggnini et al. (2010) realizaram estudos de toxicidade aguda, com extrato bruto de
Serjania erecta conforme RE 90 da Agéncia Nacional de Vigilancia Sanitaria (ANVISA, 2004)
utilizando 100 camundongos Swiss machos e fémeas, com administracdo via oral e
intraperitoneal, e seus dados de DL50 mostraram que levou a morte a 1250 mg/kg apenas por
via intraperitoneal.

No entanto nenhum dado foi encontrado sobre os efeitos de seu uso prolongado durante

a gestacao, sobre a gestante ou sobre o feto.
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2.5 Gestacdo e Plantas medicinais

As mulheres séo reconhecidas como as principais usuarias de plantas medicinais, e esse
uso generalizado se estende até a gravidez (AHMED et al., 2021). A gravidez é um periodo
critico para os cuidados médicos, durante o qual o bem-estar da mulher e do feto devem ser
considerados (SPIESS et al., 2021).

Desde o inicio da histéria humana, esta documentado que a medicina tradicional utiliza
remeédios a base de plantas para tratar complexidades e desafios durante a gravidez, parto e pds-
parto, e incluem o uso para fertilidade feminina, amenorreia, controle de natalidade, puerpério
e lactacdo (AHMED et al., 2018).

Estudos mostraram que a maioria das mulheres usa ervas durante a gravidez para aliviar
nauseas e vomitos, aumentar o tébnus uterino ou tratar infec¢des, incluindo candidiase e
infecgdes do trato urinario (ASSOGBA et al., 2021; DOSOKY; SETZER, 2021) por ficarem
apreensivas quanto aos potenciais efeitos adversos dos medicamentos convencionais
consumidos durante a gravidez e, por isso, consomem produtos a base de plantas porque
acredita-se que sejam inofensivos. No entanto, a crenca de sua eficacia e seguranca na gravidez
ndo é baseada em evidéncias (KAM; BARNETT; DOUGLAS, 2019).

Devido as inimeras situacdes clinicas relacionadas a salide da mulher e assisténcia
médica precaria em paises em desenvolvimento, um grande repertério de plantas € utilizado
como medicamentos populares o0 que gera riscos a saude das usudarias, pois testes toxicologicos
ainda sdo insuficientes para garantir sua seguranca (YAZBEK et al., 2016).

Como exemplo podemos citar o estudo realizado por Aradjo et al. (2016) no nordeste
do Brasil, que constatou que 30,9% das gestantes utilizavam plantas medicinais, sendo o boldo
a mais citada (35,4%). Entre as plantas utilizadas com alta frequéncia pelas gestantes (Peumus
boldus - Boldo, Foeniculum vulgare - Funcho, Cymbopogon citratus — Capim Cidreira,
Matricaria chamomilla — Camomila, Baccharis trimera — Carqueja e Mentha piperita L.-
Menta), todas, com excecdo apenas da Erva-Cidreira (Melissa officinalis), apresentavam
possiveis efeitos toxicos na gestagéo.

Como as plantas medicinais ttm um papel significativo nos tratamentos associados a
satde da mulher, os dados etnofarmacologicos sobre elas podem contribuir para a reducao das
taxas de mortalidade, seja por meio de estudos farmacoldgicos para comprovar sua eficacia ou
estudos de toxicidade para avaliar sua seguranca antes de serem introduzidas na terapéutica
(YAZBEK et al., 2016; HYACIENTH et al., 2020).
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No caso das gestantes, a taxa de mortalidade pode se tornar ainda maior quando ha o
uso concomitante de medicamentos industrializados e de preparacfes artesanais obtidas de
plantas medicinais ou drogas vegetais. Nessas situacfes aumenta-se a possibilita do surgimento
de interacbes medicamentosas desconhecidas na mée e prejuizos ao desenvolvimento fetal
(CARDOSO; AMARAL, 2019).

De fato, certas plantas utilizadas no tratamento tradicional de doencas em humanos
podem causar efeitos indesejaveis. Estudos indicam que algumas plantas tém potencial toxico,
teratogénico e/ou abortivo, pois alguns de seus principios ativos sdo capazes de atingir o feto,
principalmente no primeiro trimestre de gestagédo, especialmente, se forem consumidas em
doses excessivas (ARAUJO et al., 2016; BALARASTAGH], et al., 2021).

A falta de conhecimento sobre os efeitos embriotoxico, teratogénico e abortifero que
algumas plantas medicinais podem apresentar, em associacdo com 0 seu uso indiscriminado
durante a gestacdo, evidenciam a necessidade de estudos que investiguem quais delas oferecem
risco durante este periodo. Além disso, este conhecimento precisa ser repassado para

profissionais da area da salde e para as proprias gestantes (GORRIL et al., 2016).

2.6 Danos no DNA e malformaco6es

A genotoxicidade constitui a area da toxicologia que estuda processos que alteram o
DNA, denominado mutagénese. Os agentes genotoxicos lesam 0 DNA, modificam sua estrutura
e/ou funcdo e comprometem sua replicacdo e transmissdo genética. Tais lesGes podem ser
reparadas fisiologicamente, porém quando persistem, ocorrem mutacgdes que sdo herdadas pelas
células filhas durante a replicacdo (EASTMOND et al., 2009).

As mutacdes no DNA acometem todos os seres vivos, por razbes naturais, fatores
enddgenos ou ex0genos ao organismo, 0 que resulta na variedade genética da populacéo.
Quando benéficas, as alteracbes no DNA podem melhorar condi¢bes de sobrevivéncia e
reproducdo em um determinado ambiente, garantindo adaptacéo e a evolucdo da especie. No
entanto, quando apresentam resultados deletérios, podem aumentar a incidéncia de doengas
hereditarias, cancer e teratogenicidade (OLIVEIRA et al., 2013).

O teste de microndcleo é um dos métodos mais utilizados para avaliar efeitos
genotoxicos causados por agentes quimicos, tem baixo custo, € minimamente invasivo e baseia-
se na deteccdo de pequenas inclusfes arredondadas, chamadas micronucleos, sendo utilizado,
preferencialmente, células de animais mamiferos devidamente tratados (UCHOA;
MAGALHAES, 2020).
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Os microndcleos, que sdo facilmente visiveis sob microscopia de luz, sdo fragmentos
cromossémicos acéntricos ou cromossomos inteiros que nao sdo incorporados ao nucleo
principal de uma célula filha durante a divisao nuclear (SANDOVAL- HERRERA et al., 2020;
CANEDO et al., 2021). Sua formacdo se deve a alteracbes estruturais cromossémicas
esponténeas ou decorrentes de fatores ambientais, ou ainda, a falhas no fuso mitético, sendo
excluido, portanto, do nucleo formado na tel6fase (CARRARD et al., 2007).

Neste ensaio sdo utilizadas, principalmente, células provenientes da linhagem
hematopoiética, como linfocitos e hemacias. Alguns autores utilizam a medula 06ssea
propriamente dita para analise de microndcleo. Essa técnica tem desvantagem em relacéo a que
utiliza sangue periférico por permitir somente uma coleta, enquanto na andlise de sangue
periférico podem ser realizadas varias coletas, analisando a quantidade de dano cromossémico
em diferentes tempos de exposicdo (BRAGA et al., 2021).

O ensaio de micronicleo em sangue periférico utiliza reticuldcitos para avaliar a
presenca de danos cromossémicos. No processo natural de maturagdo dessas células, antes de
se tornarem eritrocitos, os eritroblastos devem expelir seu nicleo e nesse momento, caso tenha
ocorrido dano cromossdmico, o dano persistira no citoplasma da célula, podendo ser
visualizado com uso de corantes fluorescentes (HAYASHI et al., 1990).

A técnica de micronucleo consiste em depositar sobre uma lamina coberta previamente
com Alaranjado de Acridina uma gota de sangue periférico. Este corante possui a capacidade
de se intercalar ao DNA e de se ligar ao RNA e, quando submetido a radiacdo ultravioleta, o
DNA emite uma fluorescéncia verde/amarelada, marcando assim os micronucleos fixados no
citoplasma dos eritrocitos que por usa vez sdo ricos em RNA que emitem fluorescéncia
vermelha quando sob radiacdo ultravioleta (figura 7). A coloragdo proveniente do corante
ligado aos DNA/RNA nos permite excluir a possibilidade de artefatos gerados por coloracédo
ndo especifica (HAYASHI et al., 1990; OLIVEIRA et al., 2009; KANG et al., 2013).
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Figura 7: A) Um reticulécito micronucleado (MNRET); B) Trés reticuldcitos normais (seta fina) e 1
MNRET (seta grossa); Fonte: HAYASHI et al., 1990.

O baco é o maior 6rgao linfoide secundéario do corpo e, como tal, hospeda uma ampla
gama de func¢des imunoldgicas. Juntamente com seus papéis na hematopoiese e na eliminagéo
de glébulos vermelhos, ele filtra o sangue de patdgenos e células vermelhas anormais e facilita
interacOes entre células sinalizadores de antigenos (APCs) e linfécitos cognatos. As APCs
exclusivas do baco regulam a resposta das células T e B a esses alvos antigénicos no sangue
(LEWIS; WILLIAMS; EISENBARTH, 2019).

A filtracdo do sangue € a funcdo mais conhecida e muito importante do baco, pois assim
pode remover células com danos no DNA da circulacdo sanguinea, inclusive células micro
nucleadas, células envelhecidas e inclusGes intraeritrociticas (micronucleos e parasitas
intraeritrociticos, como Plasmodium falciparum) (CARVALHO et al., 2015; MARTELLO et
al., 2016). As consideracOes anteriores levaram Lima et al. (2013) a adaptar o protocolo
desenvolvido por Hayashi et al. (1990) para medir a atividade fagocitaria do baco, pois a acdo
antigenotdxica contra eritrocitos micronucleados no sangue periférico pode ser amplamente
modulada pela atividade fagocitica esplénica que é aumentada quando animais sdo tratados com
substancias toxicogénicas.

Como o baco esta diretamente envolvido nos processos de imunomodulacdo e a
fagocitose esplénica é efetiva no sequestro de células anucleadas e/ou micronucleadas,
mascarando possiveis lesdes celulares, o ensaio da fagocitose esplénica favorece a precisao das
analises de frequéncia de danos no DNA (CARVALHO et al., 2015).
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2.7 Teratologia

Os teratdgenos sdo caracterizados como agentes ambientais, quimicos, fisicos e
bioldgicos que podem causar anormalidades obstétricas e/ou embriofetais e depende de
diversos fatores como o estagio de desenvolvimento do concepto, mecanismo patogénico
especifico de cada agente, tempo de exposicdo da gestante, dose do medicamento/substancia,
tempo de exposicdo a eles e da suscetibilidade genética do individuo (RENCUZOGULLARI;
AYDIN, 2019; SHROUKH; STEINKE; WILLIS, 2020; PEREIRA et al., 2021).

A ciéncia que estuda as anomalias congénitas causadas por esses teratdgenos e como
afetam o embri&o, o estudo de vias e mecanismos que podem ser causados ou alterados por eles,
¢ conhecida como teratologia (“teratos” = monstro, “logos” = estudo) (WACHHOLZ et al.,
2021).

As anomalias congénitas sdo identificadas como defeitos congénitos, distdrbios
congénitos ou malformacgfes congénitas e adquiriram, atualmente, um papel importante na
morbimortalidade, pois podem provocar abortos espontaneos, natimortos e incapacidade a
longo prazo, afetando ndo apenas os individuos e suas familias, mas também os sistemas
nacionais de satide (LUNAGOMEZ et al., 2020). Tais anomalias podem ser identificadas no
pré-natal, no nascimento ou mesmo mais tarde durante a infancia, sdo encontradas em cerca de
3 a 6% dos nascimentos e sdo uma das principais causas de mortalidade neonatal e infantil em
todo o mundo (FINELL et al., 2021; FRAGA et al., 2022).

A embriotoxidade se refere a perturbacdo no desenvolvimento embrionario ou fetal, as
custas de dosagens que ndo afetam o organismo materno. A embrioletalidade observada ap6s
administracdo de doses toxicas para a mae deve ser considerada como efeitos toxicos gerais da
planta. O aborto é a interrupcéo da gravidez pela morte do embrido ou feto, junto com os anexos,
e todos estes eventos podem estar relacionados ao uso de plantas medicinais (RODRIGUES et
al., 2011).

Devido ao fato de que as anomalias congénitas podem causar morte, doencas e
deficiéncias em bebés e criangas, é importante realizar uma investigacdo mais aprofundada de
suas causas, fatores de risco e mecanismos, e tais investigagdes auxiliam diretamente no
desenvolvimento de estratégias para prevenir novas ocorréncias, intervencdes terapéuticas e
obitos por anomalias congénitas (WACHHOLZ et al., 2021). Esse tipo de conhecimento ainda
é importante para o desenvolvimento de medicamentos e/ou outros produtos ingeridos por

humanos e/ou utilizados em outras a¢fes antropogénicas.
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Estudos em teratogénese tornaram-se proeminentes depois que a talidomida foi
descoberta como um teratégeno. Desde a decada de 1960, estudos foram realizados n&o apenas
para prevenir defeitos congénitos. Mas também, para identificar rapidamente um teratégeno,
descrever os fendtipos malformativos associados a eles e investigar 0s mecanismos
relacionados a essas exposicoes (FRAGA et al., 2022).

Assim, para 0 bem-estar das populacdes, a investigacdo tem-se centrado nas lacunas de
conhecimento sobre as plantas medicinais e em suas toxicidades potenciais, fortemente
encorajadas por muitas organizacfes médicas e por investigadores em medicina complementar
e alternativa (ASSOGBA et al., 2021).

Os modelos de laboratorio tém uma longa histdria de uso na avaliacdo do potencial de
toxicidade de novos medicamentos e produtos quimicos antes de entrarem na clinica ou no
comércio. Eles também sdo os meios pelos quais 0s mecanismos de desenvolvimento anormal
séo elucidados e desempenham um papel importante em estabelecer ou refutar a plausibilidade
bioldgica das associagdes observadas em humanos (DASTON, 2011).

Diante do exposto, optou-se por um modelo experimental que alia dados de desempenho
reprodutivo de fémeas e desenvolvimento embriofetal (teratogénese) para o desenvolvimento
desse estudo. A esses modelos ainda foi associado um modelo de genética toxicol6gica para
avaliar a integridade do DNA por meio do ensaio do micronucleo.

3. OBJETIVOS
3.1 Objetivo Geral

Avaliar os efeitos do extrato etandlico de Alternanthera littoralis, Salvia lachnostachys
Benth e Serjania erecta no desempenho reprodutivo, desenvolvimento embriofetal e
integridade do DNA em camundongos Swiss.

3.2 Objetivos Especificos

Avaliar a toxicidade materna e o desempenho reprodutivo de fémeas Swiss tratadas com

extrato etanolico de Alternanthera littoralis, Salvia lachnostachys Benth e de Serjania erecta;
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Investigar o potencial teratogénico extrato etandlico de Alternanthera littoralis, Salvia
lachnostachys Benth e de Serjania erecta sobre os embrides/fetos expostos intra Utero, por meio

de analises de malformacdes externas, viscerais e esqueléticas;

Investigar a atividade genotdxica do extrato etanolico de Alternanthera littoralis, Salvia
lachnostachys Benth e de Serjania erecta por meio do ensaio de micronlcleo em sangue

periférico.

Investigar a inducdo de fagocitose esplénica do extrato etandlico de Alternanthera
littoralis por meio do ensaio de fagocitose esplénica;

4. METODOLOGIA

4.1 Material vegetal e preparacdo do extrato

4.1.1 Experimento 1

As partes aéreas de A. littoralis foram coletadas na Restinga de Marica, Rio de Janeiro,
Brasil, em dezembro de 2010 e identificadas pelo Prof. Dr. Josafa Carlos de Siqueira, Pontificia
Universidade Catolica do Rio de Janeiro (PUC-RJ), Brasil. Um espécime de comprovante
(SPFR-4758) foi depositado no herbario da Faculdade de Filosofia, Ciéncias e Letras de
Ribeirdo Preto da Universidade de Séo Paulo (FFCLRP/USP).

As partes aéreas em po secas ao ar (1,0 Kg) foram extraidas exaustivamente (maceragdo
a temperatura ambiente) com etanol na proporc¢édo 1:2 (p/v) de massa de po planta/solvente. A
biomassa utilizada foi filtrada e os solventes foram removidos em evaporador rotativo a pressao
reduzida e temperatura abaixo de 40°C, obtendo-se 75 g de extrato bruto etanélico da planta
(EEAI).

4.1.2 Experimento 2

Folhas de S. lachnostachys foram coletadas em Curitiba, Parana, Brasil (25°30'44,6"S,
49°18'7,13"W), de uma populacdo natural em maio de 2010. A planta foi identificada por E. P.
Santos, e um exemplar da espécie foi depositada no Herbario da Universidade Federal do

Parana (UPCB 85285). O cddigo registrado no Sistema Nacional de Gestdo do Patrimonio
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Genético e Conhecimentos Tradicionais Associados (SISGEN) é o A19F875. Folhas secas e
em po (415,3 g) foram extraidas com hexano seguido de etanol (3 x 2 L, para cada solvente).
Os solventes foram removidos sob pressdo reduzida, obtendo-se 0s respectivos extratos em
hexano (2,7%) e etanol (11,5%), e os testes farmacologicos foram realizados com extrato

etandlico bruto de folhas de S. lachnostachys (EESI) diluido em solugdo salina.

4.1.3 Experimento 3

S. erecta foi coletada em Aquidauana (MS - Brasil) e um espécime comprovante
(numero do deposito: HMS: 8355) foi depositado no Herbario da Empresa Brasileira de
Pesquisa Agropecuaria (EMBRAPA) no Estado de Mato Grosso do Sul, Brasil. O cédigo
registrado no Sistema Nacional de Gestdo do Patrimdénio Genético e Conhecimentos
Tradicionais Associados (SISGEN) é o A055721.

As folhas (600 g) de S. erecta foram extraidas sucessivamente com solventes hexano,
acetato de etila e etanol a temperatura ambiente. Além disso, neste estudo foi utilizado apenas
0 extrato etandlico das folhas. O extrato foi fracionado por cromatografia em coluna de resina
XAD-2 eluida com solventes de agua, metanol e finalmente acetona. Além disso, a fracéo
metandlica foi fracionada por cromatografia em coluna Sephadex LH-20 e eluida com solvente
metanol. As frac¢des foram combinadas por cromatografia em camada fina (placas de gel de
silica, acetato de etilo/n-propanol/agua, 120:8:70 em volume, fase superior). Os compostos
obtidos foram ainda purificados por cromatografia em coluna repetida em
polivinilpolipirrolidona eluida com metanol. Os compostos isolados foram analisados por
espectros de RMN (Ressonancia Magnética Nuclear) foram registrados em um espectrémetro
Bruker DPX 300, o espectro IR (Infravermelho) foi realizado em um FT-IR-Nicolet Impact
IMACT-400 e o espectro UV (Ultravioleta) foi realizado em um Espectrofotbmetro Hitachi
110.

4.2. Animais

Os animais, camundongos (Mus musculus) da linhagem Swiss, foram cedidos pelo
Biotério Central da Universidade Federal de Mato Grosso do Sul (UFMS), em um total de 45
camundongos para 0s experimentos 1 e 2 (EEAI e EESI — 30 fémeas e 15 machos), e 60
camundongos para o experimento 3 (EESe — 40 fémeas e 20 machos). Os animais de ambos 0s

sexos em idade reprodutiva com fémeas de peso médio de 30g e 20 machos com peso medio
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de 35g. Todos os animais passaram por periodo de adaptacdo de 7 dias e foram alocados em
mini-isoladores (Rack ventilada Alesco®), forrados com maravalha de Pinus sp.. Foram
mantidos sob controle de temperatura (22 + 2°C), luz por fotoperiodo (12h claro/ 12h escuro),
umidade relativa de 55 + 10% e acesso a racdo e agua ad libitum. A pesquisa foi realizada de
acordo com os protocolos da Declaragdo Universal dos Direitos Animais e com aprovacao da
Comisséo de Etica no Uso de Animais (CEUA) da UFMS, sob o parecer nimero 965/2018.

4.3 Delineamento Experimental

4.3.1 Experimento 1

Os animais foram acasalados durante a noite na proporcdo de 1 macho: 2 fémeas. A
deteccdo de plugs vaginais nas fémeas determinou a ocorréncia de gravidez e esse dia foi
considerado o dia zero da gestacdo (OLIVEIRA et al., 2009; OLIVEIRA et al., 2015). As
fémeas prenhes foram divididas aleatoriamente em 3 grupos experimentais (n = 10): Grupo
Controle - os animais receberam 0,1 mL/10 g de peso corpéreo (p.c.) de veiculo (Tween 80 a
1%) por gavage (v.0.) ao longo da gestacdo (1° ao 18° dia gestacional); Grupos EEAI - os
animais receberam EEAI por gavagem nas doses de 100 mg/kg (p.c., v.0.) (Grupo EEAI 100) e
1000 mg/kg (p.c., v.0.) (Grupo EEAI 1000) durante a gestacao.

Segundo Aquino et al. (2015) a dose de 100mg/Kg tem efeito anti-hiperalgésico e anti-
inflamatdrio. Logo, ela foi escolhida como a dose efetiva. Além dessa, optamos por testar uma
dose de seguranca que é 10x maior do que a dose efetiva de acordo com as recomendacdes da
area (GOMES et al., 2012; ISHIKAWA, et al., 2018; VANI et al., 2018). Em relacdo ao periodo
de tratamento nds optamos por avaliar durante todo o periodo gestacional visto que essa janela
de tratamento poderia demonstrar efeitos mais severos. Essa possibilidade € destacada pelos
guideline OECD 414 (2018), além de diferentes autores optarem pelo tratamento durante todo
0 periodo gestacional (MORAES-SOUZA et al., 2017; PAULA et al. 2020; SALUSTRIANO
et al., 2022).

4.3.2 Experimento 2
As fémeas prenhes foram divididas aleatoriamente em 3 grupos experimentais (n = 10):

Grupo Controle - os animais receberam 0,1 mL/10 g de peso corpéreo (p.c.) de veiculo (Tween

80 a 1%) por gavage (v.0.) ao longo da gestacédo (1° ao 18° dia gestacional); Grupos EESI - os
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animais receberam EESI por gavagem nas doses de 100 mg/kg (p.c., v.0.) (Grupo EESI 100) e
1000 mg/kg (p.c., v.0.) (Grupo EESe 1000) durante a gestacdo. Tais doses foram escolhidas
baseadas no estudo de Radai et al. (2018) e a partir das recomendacdes dos guidelines da area
(ANVISA, 2013; OECD 421, 2016; OECD 443, 2018). Segundo Radai et al. (2018) a dose de
10 e 100mg/Kg tem efeito antiartritico e ant-inflamatdrio. Assim, optamos por testar uma dose
10x maior do que cada uma delas o que é recomendado pela literatura da area para garantir

seguranca de uso por gestantes.

4.3.3 Experimento 3

As fémeas prenhes foram divididas aleatoriamente em 4 grupos experimentais (n = 10):
Grupo Controle - os animais receberam 0,1 mL/10 g de peso corpéreo (p.c.) de veiculo (Tween
80 a 1%) por gavage (v.0.) ao longo da gestacao (1° ao 18° dia gestacional); Grupos EESe - 0s
animais receberam EESe por gavage nas doses de 500 mg/kg (p.c., v.0.) (Grupo EESe 500),
1000 mg/kg (p.c., v.0.) (Grupo EESe 1000) e 2000 mg/kg (p.c., v.0.) (Grupo EESe 2000)
durante a gestacdo. A dose de 500mg/Kg foi escolhida a partir da dose efetiva descrita por
Arruda et al. (2009) em modelo de ulcera gastrica induzida por etanol absoluto. A partir desta
dose, foram definidas as doses 2x e 4x maiores (1000 e 2000mg/kg) do que aquela que tem a
atividade desejada, seguindo a recomendacdo dos guidelines da area (ANVISA, 2013; OECD
421, 2016; OECD 443, 2018). Além disso, optamos pela maior dose (2000mg/Kg) visto que
Arruda et al. (2009) classificou o extrato cloroférmico de S. erecta como praticamente nédo

toxico visto que a dose de 5.000mg/Kg ndo havia causado sinais de toxicidade aguda.

4.4 Ensaios Bioldgicos

Os ensaios biolégicos foram executados de maneira semelhante nos trés experimentos,
com as coletas dos materiais para as avaliacGes toxicogenéticas feitas em 3 tempos distintos,
sendo estes T1, T2 e T3 referentes ao 16°, 17° e 18° dias de gestacdo (d.g.), respectivamente.
No 18° d.g., os animais foram submetidos a eutanasia seguida de laparotomia, histerectomia e
onfalectomia para a coleta, pesagem e devido armazenamento dos 6rgédos (pulmao, coragéo,

baco, figado, rins, placenta) e fetos para analise posterior.



31

4.5 Parametros biométricos

Os parametros biométricos, em ambos os experimentos, foram calculados a partir dos
registros de peso inicial (fémeas pesadas no dia zero), peso final (fémeas pesadas no 18° d.g.),
ganho de peso (peso final - peso inicial), peso do utero, ganho de peso liquido (ganho de peso
- peso do Utero), pesos absolutos e relativos do coracdo, pulméo, baco, rins e figado.

4.6 Desenvolvimento Embriofetal

Os fetos retirados foram pesados e passaram por andlise sistematica de malformacGes
externas e sexagem. Em seguida, foram distribuidos aleatoriamente em dois subgrupos, cada
um com 50% da ninhada. Os fetos do primeiro grupo foram fixados em solucao de Bodians por
pelo menos sete dias e destinados a analise visceral por meio de microdissecgdo com cortes
estratégicos, para o estudo de térax e abdémen propostos por Barrow e Taylor (1969) e para
estudo da cabeca segundo Wilson (1965), com alteracdes propostas por Wise et al. (1997),
Oliveira et al. (2005), Damasceno et al. (2008), Oliveira et al. (2009) e Oliveira et al. (2015)

A classificacdo das alteracGes viscerais foi baseada, principalmente nos trabalhos de
Taylor (1986), Manson e Kang (1994), Damasceno et al. (2008), Oliveira et al. (2009) e
Oliveira et al. (2015). Os fetos do segundo subgrupo foram fixados em acetona pura por pelo
menos sete dias e destinados a analise esquelética pela técnica descrita por Staples e Schnell
(1964) e modificada por Oliveira et al. (2009). Apds a fixacdo, os fetos foram eviscerados para
0 processo de diafanizacdo em solucdo de KOH (0,8%). Em seguida, foram adicionadas quatro
gotas de alizarina, e esta solucdo foi trocada a cada 24 horas durante quatro dias consecutivos.
Depois dos fetos corados, a solucdo de KOH foi substituida pela solugéo clareadora (1 litro de
glicerina : 1 litro de alcool etilico : 0,5 litro de alcool benzilico) e trocada a cada 24 horas,
durante cinco dias. As classificagdes foram feitas segundo Taylor (1986), Manson e Kang
(1994), Wise et al. (1997). Damasceno et al. (2008), Oliveira et al. (2009) e Oliveira et al.
(2015).

As analises de visceras e esqueletos foram realizadas em lupa estereomicroscopica
(Nikon® — SMZ 745T) com aumento de 1,6 vezes.

A classificacdo do peso fetal segundo a idade gestacional (CPFIG) foi feita conforme
proposto por Soulimane-Mokhtari et al. (2005). Apds a coleta dos fetos dos cornos uterinos,

eles foram pesados e de acordo com a média + 1,7 x desvio padrdo (DP) dos pesos corporais
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obtidos no grupo controle, foram classificados em adequados para idade gestacional (AIG),
pequenos para a idade gestacional (P1G) e grandes para a idade gestacional (GIG).

4.7 Desempenho Reprodutivo

Foram registrados, em ambos 0s experimentos, o nimero de sitios de implantagéo (n°
de fetos vivos + n° de fetos mortos + n° de reabsorcdes) e reabsorcdo, além do nimero de fetos
vivos, mortos e do peso fetal e placentario. Com base nestes dados, obteve-se: a viabilidade
fetal (nGmero de fetos vivos x 100 / nimero de implantagdes), taxa de perda pds-implantacdo
[(nGmero de implantagdes - nimero de reabsor¢des) x 100 / nimero de implantagdes], taxa de
reabsorcéo (n° de reabsor¢des X 100 / n® de implantes), indice placentario (peso da placenta /
peso fetal), eficiéncia placentaria (peso fetal / peso placentario) e razao sexual (nimero de fetos

machos / nimero de fetos fémeas).

4.8 Ensaio do Micronucleo em Sangue Periférico

O teste do microndcleo no sangue periférico, em ambos 0s experimentos, foi realizado
de acordo com o método descrito por Hayashi et al. (1990) e modificado por Oliveira et al.
(2015). O sangue periférico, coletado por pun¢ao da veia caudal (cerca de 20uL), foi depositado
em uma lamina preparada com Alaranjado de Acridina (1mg/mL). Recobriu-se o0 sangue com
uma laminula e o material foi armazenado em freezer (-20°C) por um periodo minimo de sete
dias. Um total de 2.000 reticulécitos foram examinados por animal por meio de um microscopio
EVOS M7000 (Zeiss®) no aumento de 40x, com filtro de excitagdo 470nm +22 e filtro de

emissdo 525nm +50.

4.9 Avaliacédo da Fagocitose Esplénica

O baco dos animais tratados € cortado em pedacos e apds, prensados em uma tela de ago
inoxidavel com 5 mL de tamp&o fosfato estéril, livre de Ca®* e Mg*?, pH 7,4. A pipetagem
repetida com uma pipeta de Pasteur € utilizada para obter uma suspenséo de células homogénea.
Cem microlitros de suspenséo de células séo colocados imediatamente no centro de uma lamina
pré-revestida com Laranja de Acridina (1 mg/mL) e a lamina foi entdo coberta com laminula e

sdo armazenadas em freezer até o momento da anélise.
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A fagocitose de eritrocitos com micronucleos pela presenca de coloragdo avermelhada
junto das células do bago conforme é mostrada na figura 8.

(A}

ABSENCE OF PHAGOCYTOSES

Figura 8: Auséncia (A) de fagocitose (célula fluorescente intensamente verde sem qualquer resquicio
de RNA exdgeno de cor vermelha). Fagocitose (E) evidente (qualquer célula fluorescente verde, que
pode ser visualizada com um minimo de RNA exdgeno). Fonte: Lima et al., 2013.

4.10 Anélise Estatistica

Em todos os experimentos, para dados com distribuicdo normal foi utilizado o teste
ANOVA de uma via com poés-teste de Tukey. Para os demais dados utilizou-se o teste de
Kruskal-Wallis com pés-teste de Dunn. Para comparacdes de frequéncias utilizou-se o teste do
Qui-quadrado. As analises foram realizadas pelo programa GraphPad Instat® (Verséo 3.06,
2003). Os dados foram apresentados em média + erro padrdo da média ou média + desvio

padrdo e o nivel de significancia estabelecido foi de p<0,05.

5. RESULTADOS, DISCUSSAO E CONSIDERACOES FINAIS

Os resultados, discusséo e consideracdes finais serdo apresentados na forma de artigo
(Anexo 2, 3 e 4).
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ABSTRALCT KEYWORDS
Alternanthera littoralls P. Beauv is a plant native to Brazil that exhibits various beneficial activities TEFALOGEnes; MUlAgendis;
including antioxidant, antibacterial, antifungal, antiprotozoal, anti-hyperalgesic, and anti- — DNA damage medicinad
inflarnmatory properties. The aim of this study was to assess the impact of the ethanol extract of plari
Alternanthera littoralis [EEAI) on reproductive outcomes, embryofetal development, and DNA

integrity of pregnant female mice. PFregmant Swiss femabe mice were randomly assigned to three

experimental groups (n = 10): controls were administered either 1% Tween 80 (vehicle), EEAI 100

mgilkg or EEAl 1000 mg/lg. Treatment was administered through gavage during the gestational

period until day 18. On gestational days 16, 17, and 18, a peripheral blood sample from the tail vein

was obtained for DNA integrity analysis (micronucleus test). After the last collection, animals were

euthanized by cervical disbocation. Maternal organs and fetuses were collected, weighed, and

subsequently analyzed. Reproductive outcome parameters were assessed by measurement of

number of implants, live fetuses, and resorptions. Embryonic development was determined by

adequacy of weight for gestational age as well as determination of external, visceral, and skeletal
malformations. Data demonstrated that EEAIl did not produce maternal toxicity at either dose

associated with no marked alterations im any of the reproductive outcome parameters includimg

implantation sites, live/dead fetuses ratio, fetal viability, post-implantation bosses, resorptions, and

resorption rate. Howewer, EEAl 1000 group reduced embryofetal development by lowering pla-

cental weight. In addition, there was an increase im the frequency of external and skeletal
malformations im the EEAI 1000 group, which could not be attributed to extract exposure as

these walues were within control levels. Based wpon our findings, evidence indicates that the

EEAl at the comcentrations employed in our study may be considered safe for use during preg-

nancy and extracts of this plant show potential for development of phytomedicines to be used in

[pregnancy.

Introduction regions (Souza et al. 2007). This family is com-

The Amaranthaceae family includes approximately  monly vwsed in nutrition and traditional medicine
65 genera and 1,000 species of annual and peren-  (Salvador et al. 2004a; Souza et al. 2007). According
nial herbaceous plants, shrubs, and some trees  to Singla et al. (2022), the Alternanthera genus
found in tropical, subtropical, and temperate includes 139 species, among which 14 are
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traditionally used for treating various ailments
such as hypertension, pain, inflammation, diabetes,
cancer, microbial infections, and mental disorders.
However, Aquino et al. (2015) noted that this genus
has only 80 species, 30 of which are found in Brazil
and are typically located on sandy beaches of the
east coast.

Alternanthera littoralis P. Beauv. possesses bota-
nical synonyms (heterotypic) and might therefore
be found in literature as Alternanthera littoralis var.
maritima (Mart.) Pedersen, Alternanthera mari-
tima Mart., or Telanthera maritima (Mart.) Mog
(Koolen et al. 2017; Senna 2020; Senna et al. 2020).
Despite the synonyms, the classification
Alternanthera littoralis P. Beauv. is the most cur-
rent and therefore used in this study.

A. lirtoralis has been used in Brazilian folk medicine
for treating inflammatory and infectious diseases
(Souza et al. 2007). This plant is a source of secondary
metabolites, including vitexin (Al4), 2"-O-a-
L-rhamnopyranosyl-vitexin (A18), and 27-O--
D-glucopyranosyl-vitexin (A19), which are present
in the enriched fraction of glycosylated flavones
obtained from its ethanolic extracts (Kassuya et al.
2021; Salvador and Dias 2004). These fractions or
compounds may be responsible for the antioxidant,
antibacterial, antifungal, antiprotozoal, anti-
hyperalgesic, and anti-inflammatory activity observed
in previous assays using hexane and ethanolic extracts
of A. littoralis (Aquino et al. 2015; Gasparetto et al.
201%; Koolen et al. 2017; Salvador et al. 2004a, 2004b;
Souza et al. 2007).

The Brazilian Ministry of Health has a National List
of Medicinal Plants of Interest to the Unified Health
System (Renisus), which are cataloged according to
traditional use and proven efficacy and safety through
review studies, analysis and systematization of scien-
tific information and publications in the area of stra-
tegic medicines and inputs for the Unified Health
System (SUS). This list is still under construction
(Brasil 2009) and up to the present moment
A. littoralis has not been included even though it is
a commonly used medicinal plant

Although no apparent information on the
adverse effects of A. [ifforalis was found in the
literature, this plant extract is frequently used for
treating infections and inflammation (Souza et al.
2007). Due to its popularity and potential use by
individuals of different ages and stages of life,
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pregnant women may also consider extracts of
this plant as an alternative to allopathic medica-
tions which are perceive to be more harmful than
natural products (Aradjo et al. 2016; Hyacinth et al.
2020; Maciel et al. 2019).

Although no apparent publication states that this
ethanolic extract of Alternanthera littoralis (EEAL) tea
is used by pregnant women, it is frequently mentioned
by vendors of medicinal plants at the Municipal
Market of Campo Grande, MS, Brazil that this sub-
stance is consumed. Based upon these reports the
present study was designed with the aim of investigat-
ing the impact of the ethanolic extract of
Alternanthera littoralis (EEAl) on reproductive para-
meters, embryofetal development, and DNA integrity
of pregnant female mice.

Material and methods

Vegetal material and preparation of ethanolic
extract of Alternanthera littoralis

The aerial parts of A. littoralis were collected from
Restinga de Maricd, Rio de Janeiro, Brazil, in
December 2010, and identified by Prof Dr. Josafd
Carlos de Sigueira of Pontifical Catholic University
of Rio de Janeiro (PUC-R]), Brazil. A voucher speci-
men (SPFR—4758) was deposited in the herbarium of
the Faculty of Philosophy, Sciences, and Letters of
Ribeirdo Preto, University of Sio Paulo
(FFCLRP/USP).

The air-dried aerial parts of A. littoralis (1 kg)
were extracted using ethanol at a ratio of 1:2 (wiv)
of plant powder to solvent through maceration at
room temperature. The plant material was then
filtered, and the solvents evaporated under reduced
pressure and temperature below 40°C using
a rotary evaporator. This process yielded 75 g of
crude ethanolic extract of the plant (EEAl). The
extract was dissolved in Tween B0 and subse-
quently diluted in distilled water. The final concen-
tration of Tween 80 in the solutions was 1%:.

Animals

A total of 45 Swiss mice of both genders at repro-
ductive age were obtained from the Central Animal
Facility of the Federal University of Mato Grosso
do Sul, consisting of 30 females weighing an



average of 30 g and 15 males weighing an average
of 35 g. After a 7-day acclimation period, mice were
housed in ventilated racks (Alesco®) lined with
Pinus sp. shavings. Males were housed individually
while females were housed in pairs. The animals
were kept in controlled conditions of temperature
(22 £ 2°C), photoperiod (12 hr light/dark), relative
humidity (55 £ 10%), with ad libitum access to food
and water. The study was conducted according to
the protocols of the Universal Declaration of
Animal Rights and approved by the Ethics
Committee on Animal Use (CEUA) of the Federal
University of Mato Grosso do Sul (UFMS) under
protocol number 965/2018.

Design of the experiment

The animals were mated at a ratio of 1 male to
2 females overnight, and pregnancy was con-
firmed by the detection of vaginal plugs, which
was considered day zero of gestation (Oliveira
et al. 2009, 2015). The pregnant females were
then randomly assigned to one of three experi-
mental groups (#n=10): control, which received
0.1 ml/10 g of body weight (b.w.) of vehicle (1%
Tween 80) by gavage (p.o.) throughout gestation
(1st to 18th gestational day); EEAl 100, which
received EEAl by gavage at a dose of 100 mg/kg
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(b.w., p.o.) during gestation; and EEAIl 1000,
which received EEAl by gavage at a dose of
1000 mg/kg (b.w.,, p.o.) during gestation
(Figure 1).

The gestation period of a mouse lasts approxi-
mately 21-22 days. However, in this study, gesta-
tion was terminated on the 18th gestational day.
Thus, females were pregnant for 18 consecutive
days (Gongalves et al. 2014; Ishikawa et al. 2018;
Nunes et al. 2023; Ortiz et al. 2023; Salustriano et al.
2022; Vani et al. 2018).

The dose of 100 mg/kg was selected as this
quantity was found to exhibit anti-hyperalgesic
and anti-inflammatory effects (Agquino et al
2015). To test for safety, a dose 10-fold higher
was employed, following recommendations by
Gomes et al (2012). Treatment was continued
throughout the gestational period, as more severe
effects might arise during gestation which was
suggested by the OECD 414 guidelines (2018).
This approach has been employed by several
investigators (Khalki et al. 2010; Roman et al
2014; Gongalves et al. 2014; Moraes-Souza et al
2017; Paula et al. 2020; Salustriano et al. 2022;
Soares et al. 20015). Further, Ishikawa et al. (2018)
and Vani et al. (2018) recommended testing the
effective dose and a safety dose 10-fold higher
throughout the gestational period.
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Figure 1. Experimental design and biclogical assays. Legend: EEAl 100 and EEAI 1000 - ethanol extract of Alternanthera littoralis (EEAI)

at doses of 100 and 1000 mg/Kyg, respectively.
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Biological assays

Peripheral blood samples were collected from the
mouse tail vein on the 16th, 17th, and 18th days of
gestation. After final blood collection, pregnant
mice were euthanized by cervical dislocation, and
then subjected to laparotomy and hysterectomy to
collect, weigh, and store organs, fetuses, and pla-
centas (Figure 1).

The fetuses underwent external malformation
analysis, gender determination and randomly
divided into two subgroups. The first subgroup
was fixed in Bouin’s solution, consisting of dis-
tilled water (142 mL), acetic acid (50 mL), formal-
dehyde (50 ml), and 95% alcohol (758 ml), for at
least 7 days. Subsequently, samples were sub-
jected to incision/microdissection using strategic
cuts according to Barrow and Taylor (1969) for
the thorax and abdomen, and Wilson (1965),
modified by Oliveira et al. (2009), for the head.
The classification of visceral alterations was based
upon Taylor (1986), Manson and Kang (1994),
Wise et al. (1997), Damasceno et al. (2008), and
Oliveira et al. (2009).

The second subgroup, intended for skeletal analy-
sis, was fixed in absolute acetone for at least 7 days,
then immersed in 0.8% potassium hydroxide (KOH)
and stained with Alizarin Red for diaphanization
according to Staples and Schnell (1964) with modifi-
cations by Oliveira et al. (2015a). After staining, the
KOH solution was replaced with a cleaning solution
(1L glycerin: 1 L ethyl alcohol: 0.5 L benzyl alcohol)
which was changed daily for 5 days. Fetal visceral and
skeletal  analyses were conducted  using
a stereomicroscope (Nikon® - SMZ 745T) with 1.6x
magnification. Malformations were classified based
upon data of Taylor (1986), Manson and Kang
(1994), Wise et al. (1997), Damasceno et al. (2008),
and Oliveira et al. (2009).

Biometric parameters

Biometric parameters were calculated using initial
weight (weight of females on day zero), final weight
(weight of females on the 18th gestational day),
weight gain (final weight minus initial weight),
uterine weight, net weight gain (weight gain
minus uterine weight), absolute and relative
weights of heart, lungs, spleen, kidneys, and liver.
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Reproductive parameters and embryofetal
development

The study recorded the number of implantation
sites, which included live fetuses, dead fetuses,
and resorptions, as well as number of live and
dead fetuses, and weight of the fetuses and pla-
centa. Using these data, the study calculated fetal
viability as (number of live fetuses x 100/number of
implantations), post-implantation loss rate as
[(number of implantations - number of resorp-
tions) = 100/number of implantations], resorption
rate as (number of resorptions = 100/number of
implants), placental index as (placental weight/
fetal weight), and head-tail and anogenital distance.

The fetal weight classification according to
gestational age (FWCGA) was conducted accord-
ing to the method of Soulimane-Mokhtari et al.
(2005). The fetuses were weighed after being col-
lected from the uterine horns and then categorized
as appropriate for gestational age (AGA), small for
gestational age (SGA), or large for gestational age
(LGA) based upon the mean £1.7 » standard devia-
tion (5D) of the body weights obtained in the
controls.

Micronucleus (MN) levels in peripheral blood

The peripheral blood micronuclens (MN) test
(Figure 1) was conducted according to the method
of Hayashi et al. (1990) with modifications by
Oliveira et al. (2015b). Approximately 20 pl periph-
eral blood was collected from the tail vein and
deposited on a slide prepared with 10 ul Acridine
Orange (1 mg/ml). The blood was then covered
with a coverslip and stored at —20°C for at least 7
days. Using a fluorescence microscope (Motic®;
Model BA 410) at 400x magnification, with an
excitation filter of 420-490 nm and a barrier filter
of 520 nm, 2,000 reticulocytes were examined per
animal. The number of MN was counted in 2,000
cellsfanimal, as described by Carvalho et al. (2015).

Splenic phagocytosis

The spleen was macerated in physiological solution
to obtain a homogeneous cell suspension, from
which 100 pl was placed on a slide stained with
10pl Acridine Orange (1 mg/ml), covered with



a coverslip, and stored at -20°C until analysis.
Phagocytosis was determined using a fluorescence
microscope (Zeiss®) at 40x magnification with
a 420-490 nm filter and a 520 nm barrier filter.
The presence or absence of phagocytosis
(Figure 1) was based upon methods of Hayashi
et al. (1990) and Carvalho et al. (2015), with 100
cells per animal examined.

Statistical analysis

Data with normal distribution was measured
using a one-way ANOVA test followed by
Tukey’s posttest, while the Kruskal-Wallis’ test
with Dunn’s posttest was used for non-normally
distributed data. Frequency comparisons were
assessed using the chi-square test. Statistical
analyses were conducted using GraphPad
Instat* software (Version 3.06, 2003). The
results are presented as either mean + standard
error of the mean or mean * standard deviation.
The criterion for significance was set at p < 0.05.

Results
Biometric parameters

No significant differences were observed in initial
weight, final weight, weight gain, net weight gain,
uterine weight, and absolute and relative weights of
organs between the experimental groups (data not
shown)

Reproductive parameters

The number of implantations, live and dead
fetuses, resorptions, fetal viability, resorption rate,
and post-implantation loss rate did not differ sig-
nificantly among experimental groups as shown in
Table 1.

Embryofetal development and placental efficiency

There were no significant differences in fetal
weight, placental index, weight adequacy for gesta-
tional age, distance between head and tail, and
urogenital distance of males and females among
the experimental groups. However, placental
weight in the EEAl 1000 group was significantly
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Table 1. Reproductive parameters of females treated with the
ethanolic extract of Alternanthera fittoralis (EEAL).
Reproductive Perlomnance

Experimental Groups imgkg)

Parameters Contral EEAl 100 EEAI 1000

implants' B8 = 1.340¢  10.00 x 1000 EELEJE- T
Live Fetuses' G40 = 1 264 B.10 =+ 1.0%8e 750+ 0715
Dead Fetuses 010 =010 020+ 0133 [ERLIEJRT kg
Fetal Viabiliny' 712027533 BOASEE6T6* 7954+ 1706
PILR’ BT1 27533 19656726 2004+ 3706
Reabsorption’ 230 = 0700 1.70 + 0.597 180 + 0 355
Reabriorption Rate" ZEO0S=7517 1745+ 6082 19333525

Legend: PILR — post-implantation loss rate; Equal leners indicste no statis-
tically significarn differences. Mean + Standard Error of the mean | Anava/
Tukey's test; *Krusskal-Wallis/Dunn, p =005

reduced compared to control and EEAL 100
(Table 2).

External malformations detected included
hyperextension of the forelimbs (unilateral and
bilateral), hyperflexion of the hindlimb (unilateral),
curly tail and gastroschisis. Only the % malforma-
tions in forelimbs and hindlimbs was significantly
elevated in the EEAI 100 group (Table 3; Figure 2).

The observed visceral malformations were
hydrocephaly and hydronephrosis. There were no
marked differences in the occurrence among the
different experimental groups (Table 4; Figure 3).

Skeletal malformations noted were femur agen-
esis and reduced ossification of skull bones, includ-
ing parietal, interparietal, presphenoid, palate, and
vomer. The frequency and % malformations for
skull bone alterations rose significantly in animals
from the EEA] 1000 group (Table 5; Figure 4).

Toxicogenetic evaluation

The frequency of MN was not markedly altered
for any of the tested doses or at any of the
sampling times in response to EEAl treatment
(Data not shown). Further, the EEAl did not
significantly affect the frequency of splenic pha-
gocytosis (Data not shown).

Discussion

Pregnant women tend to consume medicinal plants
more frequently during the first trimester, increas-
ing the risk of malformations in their children
(Luna-Gémez et al. 2020). However, at present
there is lack of comprehensive knowledge
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Table 2. Parameters of embryofetal development and placental efficiency of females treated with the

ethanalic extract of Alternanthera littoralis (EEAI).

Embiryo Development and Placeral Eficiency

Experimentsl groups Img/kal

Fararmeter Cantrod EEAI 100 EEAI 1000
Fetal weight (g 074 £ 0015 073 2 00134 071 £ 0017
Placerital weight jgi” 007 + 000" 007 = 0.002* .06 = 0.002°
Placental index’ 010 £ D005 009 = 0003+ 008 £ DLDG3
% AGA" 2188 1075 2133

% SGA" 1438 EFAL 3733

% LGA" 4375 4815 4133
Hend-ta-tail distance (mem)” 119+ 023 7328 = 0.1R2 1307 & QL2084
Male fetusel anegenital distance [mm)' 1.47 £ 00548 147 = (4B 1 58 & OUOGM
Female fetuses anogenital distance (mm)® 091 £ 0015 101 = 0038+ 081 £ 0012
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Legend: g — grams; AGA — sdequate for gestational age, SGA — small for gestationsl sqe, LGA — Large Tar gestational aoge:
Statistical 1es1- ' AnovaTukey — Mean * Standard sror of the mesn: different betters indicate statistically significar
ditlerences; “Kruskal-‘Walli/Dunn — Mesn + Standard errar of the mean: differsnt letters indicate statistieally significar
ditferences; “Chi-square test - *indicates statistically significant difference compared ta the contral groug; p'0.05.

Table 3. External malformations found in the offspring of
fernales treated with the ethanolic extract of Alternanthera littor-

alis (EEAI).
Experimental Graups
Parametsrs Cantrol [EEAL 100 [EEAL 1000
Anterior and Pasteriar paw
Analyzed fetuses &4 El 75
Mormal fetuses 62 70 71
UAHE 1 5 3
BAHE [i] 2 [i]
LIPHF 1 4 1
Mall. Freg 2 11 4
% MLF. 313 1358 533
Tail
Mormal Petuses &2 78 74
Curved Tail 2 3 1
Mall_ Fre. 2 i 1
% MLF. 313 i 133
Abdomen

Mormal fepusas &4 78 75
Gastroschiss [i] i [i]
Mall. Freg. 1] 3 a
% MF. (L] ] L]

Legend: UAHE — Unilateral amerior paw hyperextension; BAHE - bilateral
anterior paw byperextension; UPHF - Undlsteral posterior paw hyperfies-
ior; Mall. Freg. - Mallormations Frequency; % MF. - percentage of mal-
lormed fepuses. Statetical test: Chi-squane; “indicates statistically
significant difference compared to the Contral group [p < 0005).

regarding herbal medicine usage during pregnancy
and there is a misconception that natural products
are safe for them and the fetus {Ahmed et al. 2018;
Bernstein et al. 2021; Costa, Coelho, and Santos
2017; Kan, Barnett, and Douglas 2019; Maciel
et al. 2019). It should be noted that data regarding
the effects of A littoralis natural products on DNA
stability are not available.

Our results do not detect any signs of maternal
toxicity. Classic symptoms such as diarrhea,

tremors, excessive salivation, convulsions, hypoac-
tivity, ataxia, lethargy, tail curvature, piloerection,
or reduced food and water intake (Corso et al
2019) were not observed.

The absence of apparent maternal toxicity is sup-
ported by lack of changes in biometric parameters
such as final weight, weight gain, uterine weight, net
weight, and absolute and relative organ weights,
which are typically associated with toxic effects during
pregnancy (Teng et al. 2019). In addition, the absence
of MN induction and splenic phagocytosis activation
further confirms the absence of EEAl-mediated
maternal toxicity. The MN assay is used to evaluate
genotoxic effects induced by chemical agents that
result in cytogenetic damage (Canedo et al. 2021).
Similarly, the phagocytosis assay is employed to con-
firm that cells with DNA damage are not being
underestimated due to an increase in spleen phago-
cytic activity. Combining these two pieces of informa-
tion (MN rate + splenic phagocytosis frequency)
provides a more reliable assessment of the organism’s
response to medicinal extract exposure. Thus, non-
genotoxic compounds do not affect MN frequency or
phagocytosis (Gongalves et al. 2014; Ishikawa et al.
2018; Salustriano et al. 2022, Stein et al. 2022; Santos
Radai et al. 2018). However, if an elevation in splenic
phagocytosis occurs despite the absence of a change
in MN frequency, this may indicate an increase in
cells with DNA damage (including MN) that need to
be removed from the bloodstream in. In this case, the
spleen is responsible for this process (Aradjo et al
2017; Navarro et al. 2014, 2018, Oliveira et al. 2015b;
Oliveira et al. 2018, 2018, 2019; Schneider et al. 2016).
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Figure 2. Aspects of fetuses with external malformations: (a) App
the hind limb; and (c) gastroschisis. The arrows indicate the mal

earance of a normal fetus; (b) fetus with unilateral hyperextension of
formations.

Table 4. Visceral malformations found in the offspring of females treated with the
ethanolic extract of Alternanthera littoralis (EEAI).

Experimental Groups
Parameters Control EEAI 100 EEAI 1000
Brain
Analyzed fetuses 27 35 32
Normal fetuses 24 32 7
Hydrocephaly Moderated 3 3 5
Mall. Freq. 3 5
% M.F. nn B.57 1563
Urogenital Tract
Normal fetuses 24 30 paj
Hydronephrosis Moderated 3 5 5
Mall. Freq. 3 5 5
% M.F. 1n.n 14.29 1563

Legend: Mall. Freq. - Mallormations Frequency,

% MF - percentage of fetuses with malformation.

*Statistically significant difference (Statistical test: Chi-square; p < 0.05).

No apparent toxicity studies utilizing A. littoralis
were found, but investigations on plants of the
same genus were reported. Samudrala et al. (2015)
reported that the ethyl acetate extract of
Alternanthera brasiliana did not induce acute toxi-
city in Swiss mice up to a dose of 2,000 mg/kg.
Similarly, Khandker et al. (2022) evaluated the sub-
acute toxicity of the methanolic extract of
Alternanthera philoxeroides and found that it
exerted no marked adverse effects on female Swiss
mice. Therefore, these studies on plants of the same
genus support our findings.

Our results show that EEAl did not signifi-
cantly alter any parameters related to reproduc-
tive parameters as evidenced by no effect in the

number of implants, no difference in number of
live and dead fetuses, no reabsorption and/or
post-implantation losses, and fetal viability was
not affected. These findings indicate the safety
of the extract suggesting no apparent toxic-
reproductive and/or maternal-toxic damage
occurrences. This observation is similar to find-
ings of other investigators examining plant
extracts in pregnancy (Ishikawa et al. 2018;
Paula et al. 2020; Pessatto et al. 2017;
Salustriano et al. 2022, Stein et al. 2022; Santos
Radai et al. 2018; Soares et al. 2015; Vani et al.
2018; Volpato et al. 2015).

The decrease in placental weight may be linked
to fetal malnutrition, reduced growth, low birth
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Figure 3. Microdissection sections demonstrating hydrocephalus and hydronephrosis (examples of visceral malformations):
Hydrocephalus - (a) appearance of a normal brain; (b) mild hydrocephalus - dilation of the cerebral ventricles; and
Hydronephrosis; (¢} appearance of normal kidneys; (d) moderate hydronephrosis — dilation of the renal pelvis and hypoplasia of

the renal papilla.

Table 5. Skeletal malformations found in the offspring of females treated with the
ethanolic extract of Aternanthera littoralis {(EEAI).

Experimental Groups
Parameters Control EEAl 100 EEAI 1000
Members
Analyzed fetuses 29 39 35
Normal fetuses 9 38 35
Femus Absent 0 1 0
Malf. Freq. 0 1 0
% MF. 0.00 256 0.00
Cranium
Normal fetuses 28 35 29
Parietal RO. 0 0 1
Interparietal RO. 0 1 4
Presphencid RO. 1 4 5
Palatine RO. 0 1 1
Vomer RO. 0 1 1
Malf. Freq. 1 7 2*
% MF. 345 17.95* 3429*

Legend:RO. - Reduced Ossification; Mall. Freq. - Malformations Frequency; % FM — percentage of
fetuses with malformation. *Statistically significant dilference (Statistical test: Chi-square; p <

0.05).

weight, and a lower placental index. These
changes might lead to a decrease in fetal weight
(Moraes-Souza et al. 2017) as well as insufficient
weight for gestational age (Soulimane-Mokhtari
et al. 2005). However, in our study, only
a diminished placental weight was detected in
the EEAl 1000 group, which may be considered
an isolated finding without biological significance

since there were no changes in placental index,
and no alterations in inadequacy of weight for
gestational age.

Regarding external malformations, the only
change identified was a difference in % malforma-
tions in the EEAI 100 group related to the mispo-
sitioning of anterior and posterior paws. However,
these findings were also detected in controls, and
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Figure 4. Cuts and microdissections of diaphanized fetuses (examples of skeletal malformations): Normal fetus appearance (a) - Head
ossification: 1 - Parietal; 2 - Interparietal; (b) Reduced ossification of parietal and interparietal. Normal fetus appearance (c) - Normal
ossification of Presphenoid, Palatine and Vomer; (d) Reduced ossification of Presphenoid, Palatine and Vomer.

did not appear endanger fetal survival. Both exter-
nal and visceral malformations may be considered
variants of normality where Taylor (1986) defined
variants of normality as changes that may regress
with progression of gestation or at birth, as fetuses
complete their development. This interpretation is
also cited by Damasceno et al. (2002), Gongalves
et al. (2013, 2014), Volpato et al. (2015), Pessatto
et al. (2017), Vani et al. (2018), and Salustriano
et al. (2022).

Skeletal malformations displayed an overall
increase in frequency in the EEAI 1,000 group, as
well as % malformed fetuses in both treated groups.
The most frequently found malformations were
reduced ossification of skull bones, which are
small bones that complete their ossification process
if the pregnancy was not prematurely interrupted,
as suggested by Taylor (1986) and Gongalves et al.

(2013). Therefore, this cannot be attributed to
treatment with the plant extract. Delayed ossifica-
tions are considered skeletal variations (Kimmel
and Wilson 1973; Sartori et al. 2020; Tyl,
Chernoff, and Rogers 2007), and this inference is
also evident in studies by Gongalves et al. (2013,
2014), Pessatto et al. (2017), Vani et al. (2018), and
Salustriano et al. (2022).

In Brazil, medicinal plants are categorized
according to their importance to the Unified
Health System (SUS) (Brasil 2009, Silva et al 2020;
Marmitt et al. 2021; Nunes et al. 2023; Ferreira,
Arcanjo, and Peron 2023) given that part of the
population lacks adequate access to healthcare and
medication (Macedo 2009; Nunes et al. 2023),
medicinal plants may be their only treatment
option. In this situation, individuals use both cate-
gorized and non- categorized plants (Nunes et al.
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2023). Although A. Litforallis is commonly used it
not listed in the Renisus relationship. Thus, our
findings on its efficacy and toxicology might assist
in integrating this species into the relationship in
the future.

Conclusions

Based upon the results presented, it may be con-
cluded that the ethanolic extract of Alternanthera
littoralis is safe for use in pregnancy for maternal
and fetal health, as this plant did not exhibit
maternotoxic effects at the doses used as evi-
denced by no marked effects on reproductive
parameters, and absence of teratogenic altera-
tions. Data suggest that the plant extract exhibits
the potential to be explored as a source of phy-
tomedicines that may be safely used by women
during pregnancy.
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Abstract
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Introduction

The species, Salvia lachnostachys Benth, is an endemic
perennial herb of Brazil, cocurring wild only in the South
and Southeast regions of the country [1]. It is consid-
ered an ornamental species [2] with the possibility of
being distributed to other parts of the country. This plant
is kmown as “melissa” and has been used for treating
spasms, flu, and insomnia in popular medicine [3].

The essential oil from the flowers and leaves of & lach-
nostachys has saturated aliphatic compounds and a ses-
quiterpene fraction [4]. Diterpenes, triterpenes, and
rosmarinic acid were isolated from the ethanolic extract
af the leaves [5, 6). The chromatographic profile of the
ethanolic extract also was obtained by HPLC [7].

The ethanolic extract of & lachnostachys has already
been described with anti-inflammatory, cytotoxic, anti-
arthritic, analgesic, antidepressant, and antinociceptive
activities. Fructiculin & (a diterpene isolated or derived
from 8 lachrostachys) is believed to be one of the com-
pounds that assist in these properties, and is cited as
anti-inflammatory, antihyperalgesic, antidepressant and
antinociceptive [5, 8-10]. Furthermare, in the literature,
& lachnostachys extract was characterized as chemopre-
ventive and antitwmor in Ehrlich models [7] and fruticu-
lin A as antineoplastic in vitro and in vivo models [11].
Four diterpenes (fructiculine A, demethylfruticuline A,
fruticuline B, and demethylfruticuline B) showed antioxi-
dant activity [6].

In a recent publication, we reported the characteriza-
tion of & lachmostachys extract. We identified the pres-
ence of three new diterpenoids: demethylfruticuline B,
20-hydrocyfruticuline B, and 6-hydroxyisofruticuline
&, isolated from the leaves of 5 lachnestachys. We also
reported the presence of five known compounds: fruticu-
line B, fruticuline A, demethylfruticuline A, heterobetu-
linic acid, and maslinic acid [&].

Considering the above, it appears that & [achwmos-
tachys extract can primarily be used to treat inflamma-
tory processes, pain, and depression. Pregnant women
are affected by all these conditions. Anti-inflammatory
and analgesic drugs are widely used during pregnancy, as
pointed out by studies conducted by Fontoura et al. [12]
and Lima et al. [13]. Depression is also common during
pregnancy and the use of antidepressants in this period
has increased significantly in the last 20 years [14]. As an
example, we can mention duloxetine, which can lead to
an increase in the number of abortions [15)], and selec-
tive serotonin reuptake imhibitors, which increase the
risk of congenital heart diseases, neonatal maladap-
tive syndrome, or persistent pulmonary hypertension.
This is because serotonin is essential for developing all
embryonic cells and organogenesis [14, 16-18). In view
of the above, we consider that allopathic drugs can harm
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embryonic and fetal development. In this way, many
pregnant women seek natural alternatives for the treat-
ment of pain, inflammation, flu, spasms, insomnia and
depression, mainly through the use of & lachnostachys
tea. There are no eport regarding the safety on the use
of this plant during pregnancy. However, reports of peo-
ple who are using this tea are growing. Thus, there is a
need to evaluate the safety of using this product during
the gestational period, since in locations distant from
large centers, where populations make use of teas for the
primary treatment of these conditions, exposure of preg-
nant women to 3. {achnostachys tea would not be uncom-
mon. Thus, the present research aimed to evaluate the
effects of the ethanolic extract of & lachmostacihys (EES)
on reproductive performance, embryofetal development,
and DMA integrity of pregnant female mice.

Materials and methods

Flamt material and extract preparation

Leaves of 5 lachmostachys were collected in Curitiba,
Parand, Brazil (25°30'44,6"S, 49°18'7,13"W) from a natu-
ral population in May 2010. E. P Santos identified the
plant, and a voucher specimen was deposited in the Her-
barium of the Universidade Federal do Parani (UPCBE
85,285). The collection followed the Brazilian Mational
guidelines. The approved code registered in the Mational
System for the Management of Genetic Heritage and
Associated Traditional Knowledge (SISGEM/Brazil) is
Al9F875. Leaves were dried at 407 in an oven for seven
days. Then, the dried material (4153 g) was powdered
in a mill, and extracted with hexane followed by ethanol
(3x2 L, for each solvent). The solvents were removed
under reduced pressure, yielding the respective extracts
in hexane (2.7%) and ethanol (EESL, 11.5%). The prelimi-
mary extraction with hexane removes long-chain aliphatic
compounds (“waxes”) that are abundant in leaves, in
order to facilitate the isolation of secondary metabaolites.
Waxes do not present biological activities. The ethanolic
extract was maintened in a freezer (at -4° C) until the
tests were performed. Thin layer chromatography (TLC)
analyses showed no alteration after the time of storage.
The ethanol extract has a high content of rosmarinic acid
[7]. which is an antioxidant and contribute for its stabil-
ity. Pharmacological tests were performed with crude
ethanolic extract of 5. lachnostachys leaves (EES) diluted
in saline.

Animals

The animals were provided by the Central Animal Facil-
ity of the Federal University of Mato Grosso do 5ul in
a total of 60 mice (Mus miusculus) of the Swiss strain of
both sexes at reproductive age: 30 females with an aver-
age weight of 30 g and 15 males with an average weight
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of 35 g. All animals underwent a 7-day adaptation period
and were placed in mini-isolators {Alesco™ ventilated
rack] lined with sawdust (finus sp.). The males were iso-
lated, and the females were in pairs. The animals were
kept under temperature control (2242 "C), light by
photoperiod (12 h light! 12 h dark), relative humidity of
55+ 10%, and access to feed and water ad libitum. The
research was conducted according to the Universal Dec-
laration of Animal Rights protocols and with approval
from the Ethics Committee on Animal Use (CEUA) of
the Federal University of Mato Grosso do Sul (UFMS)
under opinion number $65/2018.

Experimental design

The animals were mated during the night at a ratio of 1
male: to 2 females. Females were not subjected to estrous
cycle synchronization. All females were placed in mini-
isolators in contact with males every day at 6 pm and
were removed the following day at & am for pregnancy
assessment. The detection of vaginal plugs in females
determined pregnancy occurrence, and this day was con-
sidered day zero of gestation [19-21]. Pregnant females
did not return to the mini-isolators with the males.
However, non-pregnant females went through new mat-
ings until all females became pregnant (this period did
not exceed 2 weeks [21]. Pregnant females were ran-
domly divided into three experimental groups (m= 10]:
Control Group—animals received 0.1 mLl/10 g body
weight (bow.) of vehicle {in saline — 0:9% MNaCl) by gav-
age (p.ou) throughout gestation (gestational day 1 to 18);
EES] Groups—animals received EES] by gavage at doses
of 100 and 1000 mg/kg (baw., p.o.) during gestation. Such
doses were chosen based on the study by Radai et al. [10]
and from the recommendations of guidelines in the field
[21-23]. According to Radai et al. [10], the dose of 50
and 1000 mg'kg has anti-arthritic and anti-inflammatory
effects. Thus, it was decided to test the highest effective
dose and a dose ten times greater, as recommended by
the literature in the area, to ensure the safety of use by
pregnant women. According to Wilson and Warkanny
{1965) the pre-implantation period is from the 1% to the

(2023) 23:145
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5™ gestational day [24]. Thus, we also wanted to evalu-
ate possible pre-implantation losses, the treatments were
started on the 1" gestational day.

Biological assays

Peripheral blood was collected by tail vein puncture on
the 16", 17", and 18™ gestational days (g.d.). After the
last blood collection, the females were enthanized by cer-
vical dislocation, followed by laparotomy, omphalectomy,
and hysterectomy for collection, weighing. and proper
storage of organs, fetuses, and placentas.

The fetuses underwent systematic analysis for exter.
nal malformations and sexing and were then randomly
distributed into two subgroups. The first subgroup was
destined for visceral analysis. It was fived in Bodians'
solution, composed of distilled water (142 ml), acetic
gcid (50 mL), formaldehyde (50 mL), and 95% alcohol
(758 mL), for at least seven days. They were then sub-
mitted to incision/microdissection with strategic cuts
proposed by Barrow and Taylor [25] for the study of the
thorax and abdomen and by Wilson [26], modified by
iveira et al. [19] for the study of the head. The clas-
sification of visceral changes was based on the experi-
ments described by Taylor [27], Manson and Kang [28],
Wise et al. [29], Damasceno et al. [30], and Oliveira et al.
[19]. Hydrocephalus and hydronephrosis were classi-
fied as mild, moderate or severe according to the pattern
shown in Figs. 1 and 2. The second subgroup, intended
for skeletal analysis, was fixed in absolute acetone for at
least seven days. After removal of the viscera, the fetuses
were immersed in KOH (0.8%) and stained with Alizarin
Red during the diaphanization process, as proposed by
Straples and Schenell [31] with modifications by Oliveira
et al. [20]. After the fetuses were stained, the KOH solu-
tion was replaced with the bleaching solution {1 L glyc-
erin: 1 L ethyl aleohol: 0.5 L benzyl alcohol), which was
changed every 24 h for five days. The fetal viscera and
skeletons analyses were performed under a stereomi-
croscopic magnifying glass (Nikon®—SMZ 745 T) at
L6 x magnification.

Fig. 1 Photomicrogragh of baen ricrodissections. A Normal brain (asgect of the lateral ventsicles and the thind and fowth wenitricles).
B-D Hyd s el us—enc esive: cesebirospinal fuid witkin the sckulk B—mild grade; € - moderate grade and D - sevene grade
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Fig-2 Photomicrograph of fim micredissections. A Rim (aspect of renal papilla and renal pelvis). B-D Hydronephiosis - marked dilatation of
the renal pelvis and calyces secondary to obstrection of urine flow, usually combined with destruction of the renal pasenchyma: B - gravity, € -

maderate grain and D - wevers grain

Evaluation of biological parameters

The biological parameters were calculated from the
records of initial weight (females weighed at day zero),
final weight (females weighed at 18 g.d.), weight gain
(final weight—initial weight), uterus weight, net weight
gain (weight gain—uterus weight), absolute and relative
weights of heart, lung, spleen, kidneys, and liver.

Reproductive performance and embryofetal development
The absolute number of implantation (number of live
fetuses + number of dead fetuses + number of resorp-
tions), resorption of embryos or fetuses in the uterus,
live and dead fetuses was registered. The fetal and pla-
cental weigth (g} were mensured on a precision scale.
Based on these data, we obtained: fetal viability (number
of live fetuses = 100 / number of implantations), post-
implantation loss rate [(number of implantations—num-
ber of resorptions) = 100 { number of implantations],
resorption rate (number of resorptions X 100 / number
of implantations), placental index (placental weight /
fetal weight), placental efficiency (fetal weight / placental
weight) and sex ratio (number of male fetuses numbers
of female fetuses).

The dassification of fetal weight according to gesta-
tional age (CFWGA). After collecting fetuses from the
uterine horns, they were weighed, and according to the
mean + 1.7 » standard deviation (5D} of the body weights
obtained in the control group, they were classified as ade-
quate for gestational age {AGA), small for gestational age
(5GA) and large for gestational age (LGA).

Evaluation of micronucleus in peripheral blood

Micronucleus testing in peripheral blood was per-
formed according to the method described by Hayashi
et al. [32] and modified by Oliveira et al. [20]. Periph-
eral blood, collected by tail vein puncture (about 20uL),
was deposited on a slide prepared with Acridine Orange
(1 mg/mL]). The blood was covered with a coverslip, and
the material was stored in a freezer (-20 *C) for a mini-
mum of seven days. A total of 2,000 reticulocytes were
examined per animal using an EVOS5 M7000 microscope

{Zeiss™) at 40 x magnification with an excitation filter of
470 nm £ 22 and an emission filter of 525 nm £ 50. The
frequency of micronuclei was calculated by the sum
of micronuclei observed in 2,000 reticulocytes/animal
divided by the sample i (n = 10 animals/group).

Statistical analysis

Data distribution was evaluated using the Kolmogo-
rov—Smirnov test. The normal distribution data for the
one-way ANOWA test with Tukey post-test was used.
For other data, the Kruskal-Wallis test with the Dunn
post-test was used. For frequency comparisons, the Chi-
square test was used. The analyses were performed using
the GraphFad Instat” program {Version 3.06, 2003). Data
were presented as mean + standard error of the mean or
mean =+ standard deviation, and the established signifi-
cance level was p< 005

Results

The initial weight, final weight, uterine weight, net weight
gain, the absolute weight of the heart, lung, spleen, and
kidneys, and the relative weight of the heart, lung, spleen,
kidneys, and liver showed no statistically significant dif-
ferences between the experimental growps (p=0.05).
However, there was a reduction (p<0.05) in weight gain
and a reduction in absolute liver weight by EES] at a
dose of 100 mg/kg when compared to the control group
{Table 1).

Treatment with EES], at both doses, caused no statis-
tically significant changes (p<0.05) in the number of
implants, live fetuses, dead fetuses, the average number
of fetuses per litter, fetal viability, post-implantation loss
rate, resorption, resorption rate, and sex ratio (Table 2).

A reduction (p<0.05) in placental weight was observed
in the EES] at a dose of 100 mg/kg and fetal weight reduc-
tion in the treatment of EESl at doses 100 and 1000 mg/
kg groups. There was also an increase (p<0.05) in the
frequency of small for gestational age (SGA) fetuses in
the EE51 1000 mg/'kg group. The placental index did not
differ from the control, but there was a reduction in the
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Table 1 Biological parameters, absolute weight, and relative weight of organs of females treated with the ethanolic extract of 5.

lochnostachys (EES)

Bislogical parameters

Experimental groups  Initial weight? Final weight" Weight gain' Uterus Weight" Het Weight gain'
(g lug)
Abscbute Weight (g)
Contral 28405 5304 + 0,55 2467 £ 084" 1971 £065" 497 064"
EE4I 100 2048+ 0.38 4066+ 133" 20204107 1697 £ 085" 3234043
EES| 1300 2915073 51,69+ 1.65 225341364 1840 1.05 4.13x£04%
Absclute Weight of organs {g)
Heart" Lungs’ Splesn” Kidney” Linver
Control 0.1E+ 001" 0z3i+oon® 015 % Quo* 040+ 002" 249005
EESI 100 0.164 000 021001 01320014 0364003 215+008°
EEA| 1000 017001 0234001 014 & 000" 03E+001 2424011
fielative Weight of cngans
Heart" Lungs’ Splesn” Kidney” Linver”
Control 0003 000 0004 000 D03 000 001000 005 =000
EESI 100 0,003 0o 0.004 = 000 03 % 000 001 = 0o 1004 &= 0.00°
EEAI 1000 04003 £ D 0.004 2 000 003 £ 000 001 £ 0o 05 £ 000

Legend: g grams. Equal letters indicate no statistically significant diffesences. Miean = Standard error of the mean (1—Anova Tukey's test; 2—HKnuskal-Walls/Dunin,

p > 0.05)

Table 2 Feproductive parameters of females treated with the
ethanolic extract of % lachnostachys (EES])

Reproductive performancoe

Experimental Groups (maglkg)

Parameters Control EESI 100 EESI 1000
Implanl:i' 1350 £043° 12300600 1380 £063°
L v Fatisss' 1310041 1Aa0%£081° 1300%£071°
[ozd Farusas 000 =000 0.00 £ 0,00 0.00 =000
Auera_.-gen-}.af 13100414 11800614 1300 £0.714
fetus

F-E[al".l"ﬁhilil:g,"' or12+1.18" 0602 % 1,754 9342 184"
FLR [2ag 118" 0397 %1.75" 06,56 = 154"
Aieabsorpiticn 040 %024% 050%0454 213 £ 044%
Reabsonption Rats M55 0164 [A12x022* 089 0264
Sewual Reason' 161542877 14100£2251" 13548%£1515"

Legend: PILR post-imipl artation boss rate; Egual ketters indicate no statistically
significant differences. Mean = Standard Error of the mean {1 —hnowaTukey's
test; 2—Knuskal-Wallis/Dunn, p > 0.05)

treatment of ESS] (pr<0.05) at a dose of 100 mg/kg when
compared to the amount of 1000 mg/kg (Table 3).

The external malformations observed were curved tail,
posterior paw hyperflexion (uni and bilateral), posterior
paw hyperextension (uni and bilateral), unilateral ante-
rior paw hyperextension and hyperflexion, gastroschi-
sis, hyperlordosis, scoliosis, hematoma, and nasal cavity
obstruction. An increase (p=0.05) in the frequency of

Table 3 Parameters of embryofetal development and placertal
efficiency of females treated with the ethanolic extract of 5
locfinostachys (EES)

Embryo development and placental efficiency

Experimental groups (mg/kgl

Pararmeter Control EESI 100 EESI 1000
Placental Weight 00916000 Q016+ 000° 0091E£001°
igl’

Placental Index' 007364000 007174000 0077640007
Placental Efficiency’ 143326 2029 1495859036 135319£027"
Fetal Weight ig)' 1.7572£001% 115840010 11903001
0 S 76523 162393 18.3608"

% A B9.2307 B3 7606 BO.BEGRS

el GA” 10753 0000 OBEIS

Legend: g grams, 564 small for gestational age, AGA adequate for gestaticnal
age, (34 lange for pestational age; Statistical test 1 AnovaTukey—

Miean + Standard error of the mean: different letbers indicate statistcally
significant differences; 2 Chi-sguare test; "indicates statistically sgraficant
differerce compared to the control grous; p'0:0%

curved tail and hyperlordosis was observed in the EESI
1000 group and scoliosis in the EES] 100 and EES] 1000
groups. The frequency of malformations and the percent-
age of fetuses with malformations increased (p=0.05)
in the treatment of EES] at doses 100 and 1000 mg/kg
groups [Table 4).

Concerning visceral malformations, mild and moder-
ate grades hydrocephalus (excessive cerebrospinal fluid
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Table 4 External malformations found in the offspring of
fernales treated with the ethanolic extract of 5 lachnastachys
{EESI)

External malformation

Experimental groups (mg/kg)

Parameters Contral [EESI 100 EESI 1000
Analyzed Feruses 131 118 17
Morrnal Fetuses 116 k15 73
Curved Tail a 3 5*
U¥FFH a 3 1

BPPH 2 0 a
UWFHPH 5 1 13
BPHP 1 3 a

LhAHE 2 0 1
LAHPH 1 0 a
Gasroschisis 1 v a
Hyperlordosis 0 2 e
Scoliosis 2 Eh ™
Hamatoma i 1 3

Macal Sepoum Obstruction 1 0 i
Fraquency of Malformation 15 3o 40°

W F 11.45% 25 439%* 34199

Legend: LIFPH Unilateral posterior hind paw hyperflexion, BPPH bilaberal
pasteror hind paw hyperextersion, UPHPH Undateral posterios hind paw
hyperextension, BPHP bilateral posterior of hyperextension of hind pav, WAHE
urilateral arterior hyperextension of the hind pew, LAHPH Unilateral antenaor
hind pare hyperflexion; % MF, the percentage of malivemed febuses

* Stavistically significant difference (Statistical test: Chi-square; *indicates
statistically significant difference compared to the Control growp; p < 0.05)

within the sckull), mild hydronephrosis {marked dilata-
tion of renal pelvis anda calices secondary ti obstruc-
tion of urine flow, usually combined with destruction
of the renal parenchyma), and absence of right kidney
were identified. An increase (p<0.05) in the occur-
rence of mild hydronephrosis was observed in the EE51
100 group, which determined an increase (p<0.05) in
the frequency of malformations and the percentage
of fetuses with a malformation in the EES| 100 group
compared to the control group (Table 5).

The skeletal malformations found were the absence
and reduced number of anterior and posterior pha-
langes, reduced number of metacarpal and metatarsal
bones, decreased ossification and absence of the last
sternal center, lack of the sternum, reduced ossification
of the nasal, parietal, interparietal, supraoccipital, volar,
palate and frontal bones, and absence of the basiphoid
and hamulus bones. There was an increase (p<(0.05) in
the percentage of malformed fetuses in the treatment of
EE51 at doses 100 and 1000 mg/kg when the sternum
and skull were evaluated. There was also an increase
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Table 5 Visceral malformations found in the offspring of females
treated with the ethanolic extract of 5. lachnostachnys {EESI)

Visceral Malformation

Experimental groups (mag/lkgl
Parameters Contrel EES| 100 EES] 1000
Analyzed fetuses 55 53 53
Mormial Fetuses A4 35 45
Brain—Hydracep halus
Mild Hydrocephalus 10 7 &
Moderate Hydrocephahss 1 2 0
Frequency of Malformations 11 G &
% bAF 20 16948 11.32
Urogenital Region—Hydranephrosis
Mild Hydronephosis 0 a* 1
Ahsence of Right Kidney 0 1 0
Frequency of Malformations 0 9* 1
% bAF a 1698 1.68

Legend: % M. F—the percentage of fetuses with malformation
“ Sratestical difference | Statistical test: Chi-square; p < 0.05)

(p=0.05) in the frequency of malformation for both
groups when the skull was assessed (Table &).

The frequency of chromosomal damage did not vary
among the different experimental groups, indicat-
ing that EESI does not alter the frequency of micronu-
clei (p>0.05). There were also no significant variations
between the various analysis times, meaning that EES]
has no cumulative effect (p = 0.05) (Fig. 3).

Discussion

According to the literature, no data on maternal toxic-
ity, reproductive performance, and embryofetal develop-
ment were found for 5. lachnostachys. This demonstrates
the importance, uniqueness, and pioneering nature of
this study. Our findings will contribute to the ethnop-
harmacological indication and safety of the use of this
plant since there are few studies of this species that deal
with the biology of the plant and its medicinal properties
[7-11].

Chur results show no signs of maternotoxicity, such
as diarrhea, tremors, excessive salivation, convulsions,
hypoactivity, ataxia, lethargy, tail curvature and hair rais-
ing [7]. However, for the EES1 100 group, a significant
decrease in weight gain and absolute liver weight was
observed. According to Teng et al. [33], weight gain and
organ weight variations can indicate toxicity. However,
these findings in the present study do not appear to be
associated with maternotoxicity, as there was no reduc-
tion in net weight gain. However, altered embryonic
development and placental efficiency are suggested.
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Table & Skeletal malformations found in the offspring of females treated with the ethandlic extract of 5. lechnostachys (EES])

Skeletal Malformation
Experimental groups (mg/kg)
Paramelters Contral EESI 100 EESI 10
Analyzed fetuses 45 44 55
Morrnal Petuses 18 11 m
Members
Anteror phalanges Absance 0 . o
fieduced numbsar 4 . .
Posterior phalanges Absence i 3 o
fiaduced numiber 1 . 3
Fraq.mMalf 5 E 5
% M.F 11.11 18.18 D1a
MTC fieduced number i 1 o
MTT feduced nurmber 0 1 o
Frag.half Q . o
Wl F a 455 D
Sternum
Srernwm Bones QA Last Center Sternal 19 i i3
Absence of the Last Stemal Center 1 & 3
Albsence a 1 D
Fraq.Malf 20 i) 6
Wbl F 4444 &5.90° 6545"
Cranium
Masal ] i 3 4
Pariatal ] 0 3 3
Intesparistal ] 0 3 3
Supranocipital i8] 0 1 3
Vol rer A0 3 ] D
Palate R 1 5 1
Basisphemoid Abence il 1 o
Harnate Absence 0 1 o
Frortal R 1] 1 4
Fre. Malf i i 18*
% MLF EES 59.09° 3273k

Legend: MTC metacarpal, MTT metatarsal, R0 Reduced Ossificatian, Freq. Mo Freguency of Malformations, % FM— the percentage of fetuses with malformation

" Statistical difference [Statestical test: Chi-square; p < 0,053

The animals started the experiments with simi-
lar weights; even EE51 at a dose of 100 mg'kg had the
highest average. However, during gestation, this group
showed the lowest weight gain. This fact was not only
attributed to the lower number of fetuses since the dif-
ference in fetus frequency between the two EES] treated
groups was only one fetus. Additionally, the average fetal
weight of EESI at a dose of 100 mg/kg was the lowest of
all the groups. Thus, these two facts may contribute to
understanding weight gain reduction.

Therefore, it is assumed that these animals had a lower
biometric development (lower maternal weight gain)

without the influence of the treatment, Le, without
maternotoxicity. In this context, the weight of the organs
(of the liver) may vary according to the animals size
{large animals have heavier livers than small animals).
This inference can be corroborated by the absence of a
significant difference in the relative weight of this same
organ. The relative weight corrects distortions of this type
since it normalizes the data by making a ratio between
the organ’s weight and the animals final weight. Thus, as
there are no significant differences in the relative weight,
it is inferred that such data is an isolated occurrence and
is not due to the treatment. It is also noteworthy that,
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Micronucleus Frequency
{n" micronucleus/2000 cells)

& &
Fig- 3 Frequency of micromuedsi in femnales treated with the ethamolic exrract 5 bchnostachys (EESD. Statistical test AMOWVESTukey |p =005k
Mean £ Standard Deviation

in general, xenobiotics that cause damage to the body
lead mainly to an increase in the liver and kidneys and
not their decrease [34]. Therefore, our results suggest no
maternal toxicity at 100 and 1000 mg/kg doses according
to the present design.

The absence of maternotoxicity is the absence of
genotoxic effects evaluated by the micronucleus test.
Regulatory agencies internationally accept this test for
chromosomal damage assessment [34, 35]. In our study,
we used the collection of three peripheral blood samples
over 72 h to verify whether EES] had a cumulativeeffect.
Yet, there was an absence of chromosomal damage at all
of the analyzed times, and thus no cumulative effects.
These factsreinforce the idea that EES] does not cause
maternal toxicity or genotoxicity at 100 and 1000 mg/kg
doses.

This safety of use is corroborated by the studies of
Radai et al. [10] and Corso et al. [7]. According to Radai
et al. [10], EE5l has no genotoxic effect in male Swiss
mice treated with a dose of up to 1,000 mg/kg. However,
this author reported the need for subacute and chronic
toxicity testing, prm"jdlng cumplementar}' responses
to genotoxicity. Corso et al. [7] noted that EES] extract
showed no acute toxicity up to a dose of 2,000 mg/kg in
Swiss females.

Evaluation of parameters related to reproductive
performance indicated that there were no differences
(p=0.05) between the control and EESl-treated groups
for the number of implantations, number of resorptions,
resorption rate, number of live and dead fetuses, the
mean number of fetuses, post-implantation loss rate, fetal
viahility, or sex ratio. These findings suggest that EES]
does not interfere with female reproductive performance
and does not cause any embryofetal lethality.

According to David et al. [36] and Gongalves et al
[37], the absence of change in these parameters indi-
cates the safety of the extract and no interference with
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E3 Control
E= EESI 100
&3 EESI 1000

&

reproductive performance. When evaluating embry-
ofetal development, a reduction in fetal weight was
observed for the groups treated with EE51. However,
the placental index and efficiency did not vary com-
pared to the control group. It was also observed that
the lowest placental index occurred in EESl (100 mg/
kgl and the lowest placental efficiency in the EES] 1000
(mgkg) group. Given these results, it is suggested that
the EESI (100 mg/kg) group had the lowest placental
average and the lowest placental index (even though it
was not different from the control group). The lowest
fetal weight averages were observed when determining
the lowest embryofetal growth for this group. This fact
occurred even in the presence of the higher placental
efficiency (which did not differ from the control group
but was higher than the placental efficiency observed
for the EES] (1000 mg/kg).

Thus, it is considered that even in the face of reorgan-
ization of the organism to increase placental efficiency,
the compensation of the EES1 (100 mg/kg) was insuf-
ficient to guarantee the same embryofetal growth in the
mean fetal weight observed in the other experimental
groups. However, when weight adequacy for gesta-
tional age was performed, it was observed that there
were no significant differences between the fetuses of
the treatment of EES] at a dose of 100 mg/kg and the
control group, ie., the occurrence of SGA, LGA, and
AGA fetuses did not differ between these groups. But,
when evaluating a higher dose at 1000 mg/kg group, an
increase in the frequency of 5GA was observed in the
control group even though there was no change in pla-
cental weight, placental index, and placental efficiency.

Reduced placental weight can be associated with fetal
malnutrition, reduced growth, low weight gain, and
lower placental index. The outcome of these changes
can be reduced fetal weight [38]. Reduced fetal weight

can also correlate to altered placental efficiency.



Ortiz af o, BMC Comglementary Madicing and Theraples (2023 23:145

Assessments of placental function and the effects of
gestational insults often use the ratio of birth weight to
placental weight as a measure of placental efficiency
[39]. This ratio has been sugpested to reflect placen-
tal exchange surface area, nutrient transport rates, and
blood flow, potentially reflecting placental development
and function adjustments to meet fetal demand [40, 41].
This parameter, a variable between species, translates the
maternal—fetal relationship established during the gesta-
tional period and is a determinant of intrauterine growth
since it is responsible for the nutritional and hormonal
supply of the fetus [42]. Therefore, placental efficiency
is influenced by the size, morphology, blood flow, and
transport efficiency that can ocour by simple diffusion
and active transport [43].

Regarding the occurrence of malformations, it was
observed that EESL at doses of 100 and 1,000 mgkg,
increased the frequency of external and skeletal mal-
formations. However, visceral malformations increased
only for the EESL (100 mg/kg) group. Among the exter-
nal malformations, the ones that cccurred the most were
curved tail, hyperlordosis, and scoliosis, which are spinal
alterations.

Giampietro et al. [44] report that congenital vertebral
malformations in the human population are etinlogically
heterogeneous with poorly understood environmental
and genetic factors. Their prevalence is estimated to be
between 0.13—-0.51/1,000 lhve births. Among congeni-
tal spinal malformations are kyphosis and scoliosis, for
example. According to Wang et al. [45], congenital sco-
linsis is a curvature of the spine resulting from abnor-
mal vertebral development, with an incidence in the
general population of approximately 1/1,000 to 1/2,000,
also resulting from environmental and genetic factors.
Among the environmental factors, one can also consider
the consumption of drugs and teas, for example. These
clinical findings can also be reproduced in experimental
muodels.

Li et al. [46] observed that vitamin A deficiency causes
congenital vertebral defects in rats. In their study with
rats, Welch et al. [47] demonstrated that anabasine, a
nicotinic receptor agonist substance extracted from N.
glauca, leads to higher numbers of fetuses with scoliosis
in the treated groups than in the control group. Medei-
ros et al. [48] and Gardner et al. [49] used a rat model to
study congenital disabilities caused by the plant Mimosa
tenuiflora and its compounds and identified bone malfor-
mations, including scoliosis, lordosis, and microcephaly.

The primary visceral malformations identified were
hydrocephalus and hydronephrosis. Hydrocephalus did
not present significant differences between the groups.
Therefore, they are considered wvariants of normal-
ity. Hydronephrosis increased significantly in the EES]
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(100 mg/kg) group. However, these changes may regress
at birth since the fetuses were collected on gestational
day 18, and the end of natural gestation would only occur
on gestational day 21. Thus, these alterations could be
correctable. However, this data requires attention.

Some studies in the feld [27, 50] describe variants of
normality as changes that may regress as gestation pro-
gresses or at birth since the fetuses would have com-
pleted their development.

Regarding skeletal malformations, it was observed that
EESI increased the frequency of reduced ossification or
absence of ossification, especially in the skull and ster-
num. This change may occur due to the early removal of
the fetus (18™ gestational day). Thus these observations
would be transient, with less impact on the survival or
health of the individual. Delayed ossifications are there-
fore included in skeletal variations [51]. However, as
there was a statistical increase in frequency, we infer that
this data requires attention, althowgh the procedure of
early collection of fetuses is protocol and indicated by the
specialized literature of the area [26, 52].

Evaluation of skeletal development is routinely per-
formed in embryofetal development studies to support
the development of new therapeutic agents because ossi-
fication patterns in humans and rodents are similar, with
bones originating from intramembranous or endochon-
dral ossification and processes controlled by genetic and
environmental factors [53]. Therefore, this is a crucial
endpoint to evaluate since the toxic effects of xenobiotics
on fetal bone development can result in skeletal malfor-
mations, delayed skeletal ossification, and skeletal vari-
ants [54].

Conclusions

Given the above, it is considered that the ethanolic
extract of Salvia lachnostachys Benth is not materno-
toxic and does not alter the reproductive performance of
females according to the present design. However, it does
change embryofetal development despite having low ter-
atogenic potential. Thus, we don't recommend using this
extract during the gestational period.
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Anexo 4 — Manuscrito 3 — Submetido a Evidence-Based Complementary and Alternative
Medicine

The ethanolic extract of Serjania erecta Radlk. has low teratogenic potential, but is
embryofetotoxic
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Abstract

Ethnopharmacological relevance: The leaf tea of Serjania erecta Radlk., is popularly use in
Brazil against ulcers and its roots against hypertension. There is also an indication of this plant

against stomach disorders.

Aim of the study: The present study aimed to evaluate the effects of ethanolic extract of Serjania
erecta (EESe) on the reproductive performance, embryofetal development and DNA integrity

of pregnant female mice.

Material and methods: The leaf powder of S. erecta were extracted successively with hexane,
ethyl acetate and ethanol solvents, whereas ethanol extract was further fractionated, isolated
(Sephadex LH-20, column chromatography) and compound identified by nuclear magnetic
resonance (NMR) spectroscopy. Pregnant females were randomLy divided into 4 experimental
groups (n = 10): control group treated with vehicle and treatment groups as EESe (500, 1000
and 2000 mg/kg, p.o) respectively. The treatment occurred by gavage during the entire
gestational period (from day 1 to day 18). Afterwards, parameters related to reproductive
performance, embryofetal development and DNA integrity were evaluated.

Result: Statistically significant changes were found in biometric parameters of organs such as
heart and lung. An increase in the number and rate of resorptions were observed. In addition, a

slight increase in external, visceral and bone malformations were also observed.

Conclusion: The phytochemical analysis of ethanolic extract of leaves fractionated resulting in
the isolation and identification of the kaempferol-3-O-a-lI-rhamnopyranoside. EESe was
maternotoxic at a dose of 2,000 mg/kg. At lower doses were not shown maternotoxicity or
genotoxicity. EESe is embryofetotoxic at higher dose, since it increased the number and rate of
resorption. Furthermore, it has a low teratogenic potential. Therefore, its consumption in the

gestational period is contraindicated.

Keywords: Maternotoxicity, Genotoxicity, Medicinal Plants, Anti-inflammatory, hypertension
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Graphic Abstract

Evaluation of embryo/fetotoxicity and teratogenicity in pregnant mice treated Ethanolic Extract of
Serjania erecta leaf (EESe)
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1. Introduction

Serjania erecta Radlk is a medicinal plant belonging to the Sapindaceae family and to
the Sapindales order. It is widely distributed in tropical regions of the world and some species
are found in Brazil mainly in the states of Mato Grosso, Mato Grosso do Sul, Tocantins, Goias,
and Distrito Federal. This plant popularly known as Cinco Folhas or Cipd-cinco-folhas.
According to Pott and Pott (1994), the leaves of S. erecta have popular indication against ulcer
and the roots against hypertension. Guarim-Neto; Santana and Silva (2000) reinforce this same
popular indication and indicate the use in the form of tea. Martins et al. (2015) describe the

popular use of S. erecta against stomach disorders.

Pharmacological studies indicate that S. erecta extract and/or some of its isolated
compounds have topical anti-inflammatory potential (Gomig et al., 2008), in stomach pain,
ulcerative diseases, hypertension (Arruda et al., 2009), antimicrobial activity (Cordova et al.,
2010; Cardoso et al., 2013). Similarly acts directly on the central nervous system by increasing
the rates of antioxidant activity with fighting Alzheimer's disease (Broggini et al., 2010;
Guimaraes et al., 2015). The literature also reported that S. erecta does not influence gastric
motility (Potrich et al., 2014).
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Fernandes et al. (2011) observed in their study that this plant presents antiphidic activity
due to the presence of compounds that are able to inhibit the toxic activities of Bothrops
jararacussu venom because they inhibit the action of enzymes involved in blood coagulation

disorders responsible for hemorrhagic processes.

Despite the previous descriptions, no additional data on the effects of the ethanolic
extract of S. erecta (EESe) in the gestational period were found in the literature, nor studies that
guarantee the safety of its use in this period. This safety of use is essential because of the
possible damage to the health of the pregnant woman and her fetus. Thus, the present study
aimed to evaluate the effects of EESe on the reproductive performance, embryofetal

development and DNA integrity of pregnant female mice.

2. Materials and methods

2.1 Plant material of Serjana erecta extract - EESe
2.1 Plant material, extraction, isolation and identification of compounds

S. erecta was collected in Aquidauana (MS - Brazil) and a voucher specimen (deposit
number: HMS: 8355) was deposited at the Herbarium of Brazilian Agricultural Research
Corporation (EMBRAPA) in Mato Grosso do Sul State, Brazil. The code registered in the
National System for the Management of Genetic Heritage and Associated Traditional
Knowledge (SISGEN) is A055721.

The leaves (600 g) of S. erecta were extracted successively with hexane, ethyl acetate
and ethanol solvents at room temperature. Besides, in this study we used only the ethanol extract
of leaves. The extract was fractionated by XAD-2 resin column chromatography eluted with of
water, methanol and finally acetone solvents. Furthermore, methanolic fraction was
fractionated by Sephadex LH-20 column chromatography and eluted with methanol solvent.
The fractions were combined by thin-layer chromatography (silica gel plates, ethyl acetate/n-
propanol/water, 120:8:70 by volume, upper phase). The compounds obtained were further
purified by repeated column chromatography on polyvinylpolypyrrolidone eluted with
methanol. The isolated compounds were analyzed by NMR (Nuclear Magnetic Resonance)
spectra were recorded on a Bruker DPX 300 spectrometer, IR (Infrared) spectrum were
performed in a FT-IR-Nicolet Impact IMACT-400 and UV (Ultraviolet) spectrum were

performed in a Hitachi 110 spectrophotometer.
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2.2 Animals

The animals were provided by the central animal house of Federal University of Mato
Grosso do Sul (UFMS) in 60 mice (Mus musculus) of the Swiss strain of both sexes at
reproductive age: 40 females with an average weight of 30 g and 20 males with an average
weight of 35 g. All animals went through a 7-day adaptation period and were housed in mini-
isolators (Alesco® ventilated rack) with Pinus sp. wooden chips. They were kept under
temperature control (22 £ 2°C), light by photoperiod (12h light/12h dark), relative humidity of
55 + 10% and access to feed and water ad libitum. The research was conducted according to
the protocols of the Universal Declaration of Animal Rights and with approval from the Ethics
Committee on Animal Use (CEUA) of the UFMS, under registered number of 965/2018.

2.3 Experimental design

The animals were mated during the night in the ratio of 1 male: 2 females. The detection
of vaginal plugs in females determined the occurrence of pregnancy and this day was considered
day zero of gestation (Oliveira et al., 2009; Oliveira et al., 2015). Pregnant females were
randomLy divided into 4 experimental groups (n = 10): Control Group - animals received 0.1
mL/10 g body weight (b.w.) of vehicle (Tween 80 at 1%) by oral gavage (p.o.) throughout
gestation (gestational day 1 to 18); EESe Groups - animals received EESe by gavage at doses
of 500 mg/kg (b.w, p.o.) (Group EESe 500), 1000 mg/kg (p.o.) (Group EESe 1000) and 2000
mg/kg (p.o.) (Group EESe 2000) during gestation. The dose of 500 mg/kg was chosen from the
effective dose described by Arruda et al. (2009) in a model of gastric ulcer induced by absolute
ethanol. From this dose, the doses 2x and 4x higher (1000 and 2000 mg/kg) than the one with
the desired activity were defined, following the recommendation of the guidelines of the area
(ANVISA, 2013; OECD 421, 2016; OECD 443, 2018). Furthermore, we opted for the higher
dose (2000 mg/kg) since Arruda et al. (2009) classified the chloroform extract of S. erecta as

practically non-toxic since the dose of 5000 mg/kg had not caused signs of acute toxicity.
2.4 Biological Tests

Peripheral blood was collected by intravenous puncture on the 16", 17" and 18"
gestational days (g.d.), when the females were euthanized by deep anesthesia, followed by
laparotomy, omphalectomy and hysterectomy for collection, weighing and proper storage of
organs, fetuses and placentas. The fetuses underwent systematic analysis for external
malformations and sexing and were then randomLy assigned to two subgroups. The first

subgroup was destined for visceral analysis and were fixed in Bodians' solution composed of
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distilled water (142 mL), acetic acid (50 mL), formaldehyde (50 mL) and 95% alcohol (758
mL) for at least seven days and submitted to incision/microdissection with strategic cuts
proposed by Barrow and Taylor (1969) for the study of the thorax and abdomen by Wilson,
1965, then Oliveira et al. (2009) modified for the study of the head. The classification of visceral
changes was based on the works of Taylor (1986), Manson and Kang (1994), Wise et al. (1997),
Damasceno et al. (2008), and Oliveira et al. (2009). The second subset, intended for skeletal
analysis, were fixed in absolute acetone for at least seven days and after removal of the viscera,
they were immersed in potassium hydroxide (KOH, 0.8%) and stained with Alizarin Red during
the diaphanization process as proposed by Straples and Schenell (1964) with modifications by
Oliveira et al. (2015). After the fetuses were stained, the KOH solution was replaced with the
bleaching solution (1 liter glycerin: 1 liter ethyl alcohol: 0.5 liter benzyl alcohol) and changed
every 24 h for five days. The analyses of fetal viscera and skeletons were performed under a

stereomicroscopic magnifying glass (Nikon® - SMZ 745T) at 1.6x magnification.
2.5 Determination of organ weight

The organs weights were calculated from the records of initial weight of animals
(females weighed at day zero), final weight (females weighed at 18" g.d.), weight gain (final
weight - initial weight), uterus weight, net weight gain (weight gain - uterus weight), absolute

and relative weights of heart, lung, spleen, kidneys and liver.
2.6 Reproductive performance and embryofetal development

The number of implantation sites (no. of live fetuses + no. of dead fetuses + no. of
resorptions) and resorption were recorded, in addition to the number of live and dead fetuses
and the fetal and placental weight. Based on these data, we obtained: fetal viability (number of
live fetuses x 100 / number of implantations), post-implantation loss rate [(number of
implantations - number of resorptions) x 100 / number of implantations], resorption rate
(number of resorptions x 100 / number of implantations), placental index (placenta weight /
fetal weight), placental efficiency (fetal weight / placental weight) and sex ratio (number of

male fetuses / number of female fetuses).

The classification of fetal weight according to gestational age (CFWGA) was done as
proposed by Soares et al. (2018) which classifies fetal weights individually. Thus, fetuses were
considered adequate for gestational age (AGA) when they did not diverge from the range of the
mean £ 1.7 x the standard deviation of the mean (SD) of the control fetuses. They were
considered small for gestational age (SGA) when their body weight was less than the mean -
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1.7 x SD in relation to the mean of the control group fetuses and were considered large for
gestational age (LGA) when their body weight was greater than the mean + 1.7 x SD in relation

to the mean of the control group.
2.7 Micronucleus in peripheral blood

The micronucleus test was performed according to Carvalho et al. (2015). Peripheral
blood, collected by puncture of the tail vein (about 20 uL), was deposited on a slide prepared
with Acridine Orange (1mg/mL). The blood was covered with a coverslip and the material was
stored in a freezer (-20°C) for a minimum of seven days. A total of 2,000 reticulocytes were
examined per animal using an EVOS M7000 microscope (Zeiss®) at 40x magnification with

an excitation filter 470 nm % 22 and an emission filter 525 nm + 50.

2.8 Statistical Analysis

For data with normal distribution, the one-way ANOVA test with Tukey post-test was
used. For the other data, the Kruskal-Wallis test with Dunn's post-test were used. For frequency
comparisons, the Chi-square test was used. The analyses were performed using the GraphPad
Instat® program. Data were presented as mean + standard error of the mean or mean + standard
deviation and the established significance level was p < 0.05.

3. Results
3.1 Phytochemical analysis

The ethanolic extract of leaves showed the presence of kaempferol, kaempferol-3,7-di-
O-a-L-rhamnopyranoside, (-)-epicatechin, apigenin-6-C-b-D-glucopyranoside (isovitexin) and
apigenin-8-C-b-D-glucopyranoside (Cardoso et al., 2013). The ethanolic extract of leaves
continued to be fractionated resulting in the isolation and identification of the kaempferol-3-O-

a-I-rhamnopyranoside.

Spectral data: 1 H NMR [(300 MHz, CD30D, J (Hz)]: d 6.19 (s, H-6), 6.39 ('s, H-8),
7.76 (d, J=8.4 Hz, H-2’, H- 6°), 6.91 (d, = 8.4 Hz, H-3", 5”), 5.36 (d, J = 1.8 Hz, H-1""), 0.90
(d, J=5.4 Hz, H-6"), 3.2-4.3 (m, sugar). RMN 13C (70 MHz, DMSO-d6,): d 157.8 (C-2), 134.0
(C-3),177.6 (C-4), 161.9 (C-5), 98.5 (C-6), 164.1 (C-7), 93.5 (C-8), 156.8 (C-9), 103.9 (C-10),
121.8 (C-17), 130.3 (C-2’, C-67), 115.3 (C-3°, C-5"), 161.3 (C-4’), Rha’’: 101.9 (C-1""), 70.4
(C-2"), 70,6 (C-3""), 70.8 (C-4"), 69,8 (C-5"’), 16,6 (C-6"). UV lmax: 264 nm ¢ 345 nm. IV
umax: 3242, 1655, 1607, 1505 cm-1.
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3.1 Maternal Toxicity and Biometric Parameters

The dose of 2000 mg/kg induced maternal toxicity and the females died within 6 days
of treatment. The signs of toxicity observed were hair raising, hypothermia, hypoactivity,
altered ambulation, reduced water and feed intake, and diarrhea. Thus, the results that presented
correspond to the doses of 500 and 1000 mg/kg.

When comparing to the control, EESe (500 and 1000 mg/kg) groups, it was observed
that the initial weight, final weight, weight gain, uterine weight, net weight gain, absolute and
relative weight of the spleen, kidneys and liver did not present statistically significant
differences (p>0.05). The relative and absolute weight of the heart of the EESe 500 mg/kg
increased (p<0.05) compared to the other groups. The absolute weight of the lungs did not differ
between groups (p>0.05). However, the relative lung weight differed between the EESe 500
and 1000 mg/kg groups (p<0.05). But, both did not differ from the control group (Table 1).

Table 1. Absolute weight and relative weight of organs of females treated with the ethanolic
extract of Serjania erecta:

Organ weight (g)

Experimental

Groups Initial weight? Final weight? Weight Gain! Ute_rlnel Net V\(elzght
Weight Gain
(mg/kg)
Control 29.1740.23? 48.02+1.342 18.86+1.29° 15.38+1.09° 3.48+0.748
EESe 500 29.01+0.40? 48.16+1.49? 19.15+1.402 15.91+1.682 3.24+1.618
EESe 1000 29.41+0.57° 46.38+1.41° 16.97+1.08? 14.87+0.89° 2.10+0.40°
Absolute Organ Weight (g)
Heart! Lungs? Spleen® Kidney* Liver?
Control 0.16+0.00? 0.23+0.012 0.14+0.012 0.37+0.012 2.26+0.09°
EESe 500 0.21+0.02° 0.21+0.012 0.16+0.022 0.36+0.012 2.31+0.042
EESe 1000 0.15+0.01? 0.25+0.012 0.12+0.012 0.37+0.02% 2.19+0.09°
Relative Weigth of Organs (g)
Heart* Lungs! Spleen? Kidney! Liver?
Control 0.0033+0.0001* 0.0048+0.0001*® 0.0029+0.0002% 0.0077+0.0004® 0.0471+0.0014%

EESe 500 0.0042+0.0003"  0.0043+0.00022  0.0033+0.0005* 0.0074+0.0003* 0.0483+0.00162
EESe 1000 0.0033+0.0001*  0.0054+0.0002° 0.0026+0.0001* 0.0080+0.0002% 0.0473+0.0015?

EESe - ethanolic extract of Serjania erecta; g - grams. Different letters (a,b) indicate statistically
significant differences. Mean + Standard error of the mean. tAnova/Tukey's test; 2Kruskal-Wallis/Dunn;
p>0.05.

3.2 Reproductive performance

EESe treatment caused no changes (p>0.05) in the number of implants, live fetuses,
dead fetuses, average number of fetuses per litter, fetal viability, post-implantation loss rate,
and sex ratio. However, the number of resorptions and resorption rate increased (p<0.05) in the
EESe 1000 mg/kg. An increasing trend in the number of resorptions and resorption rate was
also observed for the EESe 500 mg/kg (p>0.05) (Table 2).



78

Table 2. Reproductive parameters of females treated with the ethanolic extract of Serjania

erecta:
Reproductive Performance
Experimental Groups
Parameters Control EESe 500 mg/kg | EESe 1000 mg/kg
Implants 11.5540.78? 12.00+0.62* 12.62+0.97°
Live Fetuses 10.78+0.922 11.11+0.99° 10.50+0.80?
Dead Fetuses 00.11+0.112 00.00+0.00% 00.00+0.00?
Average number of fetuses 10.89+0.92° 11.1140.99? 10.50+0.80?
Fetal Viability 92.41+2.75% 90.87+5.46° 83.88+3.452
Post-implantation loss rate 07.58+2.75° 09.13+5.46% 16.11+3.45°
Reabsorption 00.44+0.242 00.89+0.45% 2.12+0.44°
Reabsorption Rate 04.55+2.53? 09.12+5.46% 16.11+3.45°
Sexual Reason 81.72+15.382 108.77+17.48% 203.02+72.28?

EESe - ethanolic extract of Serjania erecta; Different letters (a,b) indicate statistically significant
differences. Mean * Standard error of the mean. ANOVA/Tukey's test; p>0.05.

3.3 Embryofetal Development and Placental Efficiency

Treatment with EESe caused no changes in placental index, placental efficiency and

fetal weight. However, the placental weight of the EESe 500 mg/kg decreased (p<0.05)

compared to the control group and the EESe 1000 mg/kg group. The percentage of fetuses

classified as GIP and GIG was significantly higher (p<0.05) only in the dams treated with EESe
500, differing from the other groups (Table 3).

Table 3. Embryofetal development parameters and placental efficiency of females treated with
ethanolic extract of Serjania erecta:

Embryo Development and Placental Efficiency

Experimental Groups

Parameters Control EESe 500 mg/kg EESe 1000
mg/kg

Placental Weight (g)! 0.0918+0.00? 0.0860+0.00° 0.1148+0.01°
Placental Index* 0.08+0.00% 0.10+0.002 0.10+0.012
Placental Efficiency* 13.08+0.35% 13.05+0.56% 12.66+0.392
Fetal Weight (g)* 1.17+0.012 1.03+0.03? 1.15+0.012
% SGA? 6.18 28* 8.33
% AGA? 92.78 65 91.67
% LGA? 1.03 7* 0

EESe - ethanolic extract of Serjania erecta; g - grams; SGA - small for gestational age, AGA - adequate
for gestational age, LGA - large for gestational age. Statistical test: LANOVA/Tukey - Mean + Standard
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error of the mean. Different letters indicate statistically significant differences; 2Chi-square test.
*Indicates statistically significant difference in relation to the control group; p<0.05.

Systematic analysis of external malformations indicated the occurrence of curved tail,
unilateral posterior paw hyperflexion, posterior paw hyperextension (uni and bilateral), paw
rotation, gastroschisis, open eye and scoliosis. There were no variations (p>0.05) in the
frequencies of these malformations when comparing the different groups, except for paw
rotation. The frequency of this malformation was higher (p<0.05) in the EESe 500 mg/kg
compared to the control group and the EESe 1000 mg/kg. When the sum of the different external
malformations was compared, no differences were observed between the different groups
(p>0.05) (Table 4).

Table 4. External malformations found in the offspring of females treated with ethanolic extract
of Serjania erecta:

External Malformation
Experimental Groups

Parameters Control EESe 500 mg/kg EESe 1000
mg/kg
Fetuses Analysed 97 99 66
Normal Fetuses 89 84 58
Curly Tail 1 0 5
Unilateral posterior paw 0 4 0
hyperflexion (HFPU)
Unilateral posterior paw 1 0 5
hyperextension (HFPU)
Hyperextension of the posterior 0 0 1
paw (HEPB)
Gastroschisis 1 1 0
Open eye 1 0 0
Scoliosis 4 3 0
Paw Rotation 0 8* 0
Frequency of Malformation 8 16 11
%M.F. 8.25 16.16 16.67

EESe - ethanolic extract of Serjania erecta; HFPU - unilateral posterior paw hyperflexion; HEPU -
unilateral posterior paw hyperextension; Hyperextension of the posterior paw (HEPB); %F.P. -
percentage of fetuses with malformation. Statistical test: Chi-square. *Indicates statistically significant
difference in relation to the Control group; p<0.05.

In relation to visceral malformations, hydrocephalus (mild, moderate and severe
grades), hydronephrosis (mild and moderate grades) and absence of suprarenal were identified.
An increase (p<0.05) in the frequency of mild hydrocephalus and hydronephrosis was observed
in the EESe 1000 mg/kg when compared to the control group. In the analysis of the percentage

of fetuses with malformations, the EESe 500 mg/kg showed a significant increase (p<0.05) in
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relation to the control group both in the brain and in the urogenital region, while the EESe 1000
mg/kg showed the same difference only for the urogenital region (Table 5).

Table 5. Visceral malformations found in the offspring of females treated with ethanolic extract
of Serjania erecta:

Visceral Malformation
Experimental Groups

EESe 500 EESe 1000
Parameters Control

mg/kg mg/kg
Analyzed fetuses 49 48 27
Normal Fetuses 36 26 11

Brain - Hydrocephalus
Mild Hydrocephalus 8 16 9*
Moderate Hydrocephalus 3 4 0
Severe Hydrocephalus 1 0 0
Frequency of Malformations 12 20 9
% F.M 24.49 41.67* 33.33
Urogenital Region - Hydronephrosis

Hydronephrosis Mild 1 7 5*
Moderate Hydronephrosis 0 2 0
Absence of Suprarenal 1 0 0
Frequency of Malformations 2 9 5
% F.M 4.08 18.75* 18.52*

EESe - ethanolic extract of Serjania erecta; % F.M. - percentage of fetuses with malformation. Statistical
test: Chi-square. *Statistically significant difference; p<0.05.

The skeletal malformations found were fusion of the metacarpal (MTC) and metatarsal
(MTT), absence and reduced ossification (OR) of the ischium and pubis, OR of the sternum
and absence of the last sternum, OR of the nasal, OR or absence of the parietal, OR or absence
of the interparietal, absence of the vomer, absence of the palate, OR of the presphenoid, OR or
absence of the basiphoid, OR of the basoccipitoid, absence of the orbitosphenoid, OR or

absence of the Timpanic and various rib malformations.

Significant differences (p<0.05) were found in the EESe 500 group compared to the
control group for absence of anterior and posterior phalanges, MTC/MTT, sternum,

supraoccipitoid, presphenoid and hamulus and for OR of vomer and vertebrae.

Regarding the frequency of malformations, a significant difference (p<0.05) was found
in the SESe 500 group compared to the control group for absence of anterior and posterior

phalanges, absence/fusion of the MTC/MTT, and absence/OR of the ischium and pubis.
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Differences were found (p<0.05) in the absence of anterior and posterior phalanges and in the
absence/OR of the ischium and pubis.

Regarding the percentage of fetuses with malformation, the EESe 500 mg/kg was
significantly higher (p<0.05) than the control group in all malformations related to limbs,
sternum, head bone, vertebrae and ribs. For the EESe 1000 mg/kg, the difference found in
relation to the same percentage was in the absence of anterior and posterior phalanges,
absence/OR of the ischium and pubis, sternum and head bones (Table 6).

Table 6. Skeletal malformations found in the offspring of females treated with ethanolic extract
of Serjania erecta:

Skeletal Malformation
Experimental Groups

EESe
Parameters Control EIrEnSge/ngO 1000
mg/Kg
Analyzed fetuses 48 51 39
Normal Fetuses 30 30 30
Members
Anterior phalanges Absence 0 12* 8
Posterior phalanges | Absence 0 12* 4
Frequency of
Malformations 0 24* 12*
%M.F. 0 41.18* 30.77*
MTC and MTT Absence 1 20* 0
Merger 0 1 0
Frequency of x
Malformations 1 21 0
%M.F. 2.08 41.18* 0
Ischium and Pubis Absence 0 6 0
O.R. 0 6 4
Frequency of x *
Malformations 1 12 4
% M.F. 2.08 23.53* 10.26*
Sternum
Sternum Bones O.R. 1 4 6
Absence of the Last 3 7 3
Sternal Centre
Absence 0 10* 0
Frequency of
Malformations 4 21 9
%M.F. 8.33 41.18* 23.08*
Head
Nasal O.R. 0 1 0
Parietal O.R. 0 5 0
Absence 0 4 0
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Interparietal O.R. 0 5 0
Absence 0 5 0
Supra occipital Absence 0 7* 0
Vomer O.R. 0 7* 4
Absence 0 1 0
Paw Absence 0 4 0
Presphenoid O.R. 0 1 1
Absence 0 8* 0
Basiphoenoid O.R. 0 2 0
Absence 0 1 0
Hamulus Absence 0 9* 1
Basocciptal O.R. 0 1 0
Orbitosphenoid Absence 0 2 0
Tympanic O.R. 0 2 0
Absence 0 1 0
Frequency of
Malformations 0 35 6
% F.M 0 41.18* 15.38*
Vertebrae and ribs
Vertebrae O.R. 0 7* 0
Ribs Malformations 5 7 3
Frequency of
Malformations 5 14 3
% F.M 10.42 34.15* 7.69

EESe - ethanolic extract of Serjania erecta; R.O. - Reduced Ossification; % F.M.-percentage of fetuses
with malformation. Statistical test: Chi-square. *Statistically significant difference; p<0.05.

3.4 Genetic toxic assessment: micronucleus test

The frequency of chromosomal damage did not vary between the different experimental
groups indicating that EESe is not genotoxic (p>0.05). There were also no significant variations
between the different times of analysis indicating that EESe does not have a cumulative effect

(p>0.05), as showed in Figure 1.
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Fig. 1. Frequency of micronucleus in female animals treated with ethanolic extract S. erecta
(EESe). Statistical test: ANOVA/Tukey (p>0.05).

4. Discussion

According to the literature consulted there are no data available on the maternity-
toxicity, teratogenic and genotoxic effects of S. erecta, which demonstrates the importance,
uniqueness and pioneering of this study since its leaves are popularly used for stomach pain
and gastric ulcers and its root for hypertension (Guarim-Neto, Santana and Silva, 2000),
symptoms that may arise during pregnancy (Berstein et al., 2020). In addition, our findings may

help in its ethnopharmacological indication.

The treatment of diseases based on cultural traditions with the use of natural products,
based on ethnopharmacology, is gaining increasing popularity worldwide due to the increasing
difficulty of access to medicines especially in traditional and/or isolated populations. Moreover,
since the beginning of human history, herbal formulas or compounds have been used to treat
diseases and symptoms during pregnancy and childbirth based on previous family experiences.
However, the lack of scientific studies on the effects of medicinal plants offers risk to the health
of the fetus and pregnant woman (Aradujo et al., 2016; Berstein et al., 2020; Theshome et al.,
2021).

According to Arruda et al. (2009), the chloroform extract of S. erecta did not show acute
toxicity at a dose of 5,000 mg/kg. The same author demonstrated that the dose of 500 mg/kg
showed gastroprotective effect. The literature further mentions that the hydroalcoholic extract
of Serjania marginata (Perico et al., 2015) and the hydroethanolic extract of S. caracasana

(Silva et. al., 2017) also showed no acute toxicity up to the dose of 5000 mg/kg. However, our
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results indicated that the dose of 2000 mg/kg (4x the effective dose) induced maternal-toxicity
and females died by day 6 of treatment. It should be clarified that this dose was used in multiple

doses since the females were treated during the entire gestational period.

For the analysis of the 500 and 1000 mg/kg doses, only small alterations in the
biometrical parameters were observed, suggesting the absence of toxicity and safety in the use
of EESe at these doses. A significant increase in the absolute and relative weight of the heart
was observed in the EESe 500 mg/kg when compared to the control and EESe 1000 mg/kg.
However, this isolated data does not have biological relevance, because in general, only an
increase in the weight of the heart is not considered a sign of toxicity. It is expected that
xenobiotics that cause damage to the body determine, in particular, enlargement of the liver and
kidneys that are organs directly involved in metabolism and excretion (Vani et al., 2018).

Therefore, our results suggest no maternal toxicity at doses of 500 and 1000 mg/kg.

These safety results are reinforced by the absence of genotoxic effects evaluated by the
micronucleus test. Micronuclei are fragments of DNA that are not able to incorporate into the
main nucleus forming in the anaphase of mitosis. This inability may occur due to chromosomal
breaks or mitotic spindle errors and that, therefore, are not amenable to repair (Valente et al.,
2017). The micronucleus test, conducted to assess chromosomal damage, which is accepted by
international agencies to predict the risk of consumption of a product. Therefore, it is considered
an important biomarker of toxicity (Oliveira et al., 2018). In our study, we also used the
collection over 72 h to verify if EESe had a cumulative effect. Still there was absence of
chromosomal damage in all the analyzed times and, therefore, no cumulative effects. This

reinforces the idea that EESe does not cause maternal toxicity at doses of 500 and 1000 mg/kg.

A study conducted by Moreira et al. (2019), evaluated toxicological effects after single
and repeated exposure in rats to S. marginata, which belongs to the same family as the plant
used in our study. One of the parameters evaluated were biometric parameters, of males and
females, by analysing the weight of organs similar to those analysed here, and they concluded,
as in our study, that there was no change in these parameters, i.e., they suggested absence of

toxicity.

During pregnancy exposure to harmful agents, which easily cross the placental barrier,
can lead to different effects ranging from embryo non-implantation, functional or
morphological changes, delayed development, malformation and even lethality (Moraes-Souza
etal., 2017).
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Regarding the reproductive performance, the treatment with EESe showed a significant
increase in the number of resorptions and in the resorption rate in the EESe 1000 mg/kg and a
tendency to increase the number of the same parameters for the EESe 500 mg/kg. These facts

suggest attention to the use of EESe in the gestational period.

Fetal resorption is an alteration resulting from the death of the fetus, with its incomplete
resorption occurring after the formation of the placenta. This fetal loss can be consequent to
environmental and toxicological factors (Bolon, 2014; Paula et al., 2020), a fact that deserves
to be highlighted since the use of this plant in high doses has been shown to be embryofetotoxic
with consequent fetal death.

Embryotoxicity refers to the disturbance in the embryonic or foetal development, at the
expense of dosages that do not necessarily affect the maternal organism, which should be
considered as a general toxic effect of the plant that has as a consequence the interruption of
pregnancy with the death of the embryo or foetus together with its annexes (Rodrigues et al.,
2011).

The placenta is the interface responsible for the transport of nutrients, gases and energy
substrates that allow the proper development of the offspring, and understanding its normal
development is necessary in order to recognize possible abnormalities (Fullanet et al., 2016).
Placental efficiency is a parameter used to evaluate placental function in relation to maternal-
fetal exchange (Fowden et al., 2009). In the present study, no differences were found in
placental index or even placental efficiency. However, there was a significant decrease in the
placental weight of the EESe 500 mg/kg. This fact was considered as an isolated event since

the other parameters did not differ from the control group.

In relation to fetal weight no differences were observed between the groups. However,
calculation of the percentage of fetuses classified as SGA, AGA and LGA in each group showed
differences both for fetuses considered small, the majority, and large for gestational age in the
SESe 500 group. It was also identified that for the same group the placental weight was lower
(p<0.05) in relation to the other groups although there were no differences in the placental
index, placental efficiency and mean fetal weight. It is inferred that these data are a dose induced
result, but without direct correlation between them since the other parameters showed no
differences. Guimarées, Meirelles and Fernandes (2015) describe that lighter placentas may be

even more efficient than heavier ones, and that they adapt to maintain fetal growth by increasing
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their efficiency, and may eventually limit intrauterine growth and decrease efficiency shortly
before birth due to increased demand for nutrients for the fetus.

Regarding external malformations, only the rotation of the paw was found as a
statistically significant alteration (p<0.05) in the EESe 500 mg/kg in relation to the control
group, without any other statistically relevant alteration. This alteration does not compromise

fetal viability, but requires attention.

As regards visceral malformations, a significant increase in hydrocephalus and
hydronephrosis was observed. Most of these malformations were mild. It is known that this
type of alteration can be reverted at or after birth. Thus, they may be considered as variants of
normality since they are also present in the control group even if at a lower frequency. These
malformations may also occur because the pregnancy was interrupted early (Taylor, 1986;
Gongalves et al., 2013; David et al., 2014).

Regarding skeletal malformations, we observed a significant increase in the frequency
of absence of bones that are considered small such as phalanges in the forelimbs and hind limbs,
absence of the MTT and MTC in the EESe 500 mg/kg. These alterations may be due to the
premature removal of the fetuses, although the procedure is protocol and indicated by the
specialized literature of the area (Taylor, 1986; Gongalves et al., 2013). However, this fact

requires attention.

According to Chahoud and Paumgartten (2009), the apparent decrease in the amount of
mineralized bone, compared to what is expected for the age of development, can be classified
as delayed ossification. However, due to the apparent absence of damage to cartilage and long
bones of the foetuses analysed, it is likely that mineralisation occurred later. Therefore, these
situations would be transitory and, therefore, would have less impact on the survival or health
of the individual. Delayed ossifications are therefore included in the variations of skeletal
normality (Sartori et al., 2020).

Absence of the sternum, OR of the vomer, absence of the supraocciput, presphenoid and
hamulus and OR of the vertebrae were also observed in the EESe 500 group in comparison with
the control group. This may be justified by the presence of fetuses considered small for
gestational age, present in the control, EESe 500 and 1000 mg/kg groups (6.18%, 28% and
8.33% respectively). Even if in a global analysis of % F.M. the EESe 500 mg/kg showed an
increase in frequency, we suggest that these alterations are caused in particular by the premature

collection of fetuses and not only by the treatment.
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The phytochemical analysis of the ethanol extract of S. erecta resulted in the
identification and characterization as kaempferol-3-O-a-I-rhamnopyranoside compound by
column chromatography and NMR spectral analysis. S. erecta is a rich source of
phytochemicals and their previous phytochemical studies have been reported many secondary
metabolites such as polyphenols, flavonols, flavones, tannins, triterpenes, diterpenes and
saponins with their biological activities including antioxidant, anti-inflammatory, antimicrobial
(Cardoso et al., 2013; Broggini et al., 2010), hypertension, gastroprotective activity (Broggini
et al., 2010). Therefore, the ethanolic extract of S. erecta was evaluated its maternotoxicity nor
genotoxicity effect using animal model to confirm its safety. Our preliminary study results
demonstrated that higher dose caused embriolethal effect in the gestational period.

5. Conclusion

The ethanolic extract of S. erecta was maternotoxic at a dose of 2000 mg/kg. However,
lower doses caused neither maternotoxicity nor genotoxicity. The extract increased the number
and rate of resorptions which is indicative of embryolethality. Furthermore, it caused a slight
increase in malformations suggesting a low teratogenic effect. In view of the above, we advise
against the use of this extract in the gestational period due, in particular, to the embriolethal
effect.
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