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RESUMO

O uso de herbicidas quimicos na agricultura traz diversas consequéncias para a saide humana
e ao meio ambiente. Os aleloquimicos tem sido considerados uma estratégia potencial para o
desenvolvimento de bioherbicidas. Dentre inimeras espécies pertencentes a familia Myrtaceae,
a Syzygium cumini (L.) Skeels, popularmente conhecida por jambol&o, tem se destacado neste
contexto por apresentar propriedades antioxidantes e antimicrobianas, sendo uma espécie rica
em compostos fendlicos e metabdlitos secundario. Ao que se refere a seus constituintes
fitoquimicos, sdo encontradas nesta espécie algumas substancias quimicas, produzidas
naturalmente pelas plantas para se protegerem do ataque de pragas e doencas, ajudando também
a suportar condicbes adversas do ambiente. A presenca destes constituintes torna o jamboléo
numa espécie com potencial alelopatico. O presente trabalho tem como objetivo analisar o
efeito alelopatico de extratos aquoso e hidroetandlico obtidos de folhas de Syzygium cumini (L.)
Skeels aplicados em biotestes com L. sativa. Para avaliar o efeito alelopatico da espécie, foram
realizados estudos dos efeitos fitotoxico e citogenotdxico na germinacdo e crescimento inicial
de L. sativa em contato com os extratos obtidos. O delineamento experimental do teste
fitotoxico foi realizado em blocos casualizados, com 4 repeticfes e 5 concentragdes (5, 10, 20,
40 mg. mL1) e agua destilada como controle (0%). Para o calculo do indice mitético foi feito
uma regressao em CE50 do controle, com 3 tratamentos (aquoso, hidroetandlico e controle) em
4 repeticbes. Os parametros avaliados foram: Protrusdo Radicular (PR), porcentagem de
germinacdo no 4° (G4) e 7° (G7) dia, indice de Velocidade de Germinacdo (IVG), Nimero de
Plantulas Normais (NPN) e Anormais (NPA), indice de Efeito Alelopatico (R1), Comprimento
de Parte Aérea (CPA), Alongamento de Raiz (AR), Biomassa Fresca (BF), indice Mitético (IM)
e Frequéncia de Anormalidades Cromossémicas (FAC). Foi realizada a analise da atividade
enzimatica e da peroxidacdo lipidica. A andlise estatistica consistiu da analise de variancia -
ANOVA (p < 0,05), e para os demais resultados foi feita comparagdo de médias pelo teste de
Scott-Knott. Para todos parametros morfologicos, os extratos se mostraram eficientes a partir
de 10 mg. mL™. Para todos os parametros germinativos houve atraso da germinagdo nas
concentragfes de 20 e 40 mg. mL%. As anormalidades incluiram micronucleos, pontes em
anafase e teldfase, c-metafases, stickiness, cromossomos perdidos e cromossomo atrasado em
anafase e telofase. Além disso, os extratos também causaram alteragdes oxidacéo das sementes

de alface. Isso sugere que o jambol&o pode ser fonte de prospeccédo de aleloquimicos.

Palavras-chave: jambol&o; alface; bioensaios; fitotoxicidade; citotoxicidade.



ABSTRACT

The use of chemical herbicides in agriculture has several consequences for human health and
the environment. Allelochemicals have been considered a potential strategy for the
development of bioherbicides. Among numerous species belonging to the Myrtaceae family,
Syzygium cumini (L.) Skeels, popularly known as jamboldo, has stood out in this context for
presenting antioxidant and antimicrobial properties, being a species rich in phenolic compounds
and secondary metabolites. Regarding its phytochemical constituents, some chemical
substances are found in this species, naturally produced by plants to protect themselves from
attack by pests and diseases, also helping to withstand adverse environmental conditions. The
presence of these constituents makes jambol&o a species with allelopathic potential. The present
work aims to analyze the allelopathic effect of aqueous and hydroethanolic extracts obtained
from Syzygium cumini (L.) Skeels leaves applied in biotests with L. sativa. To evaluate the
allelopathic effect of the species, studies were carried out on the phytotoxic and cytogenotoxic
effects on the germination and initial growth of L. sativa in contact with the extracts obtained.
The experimental design of the phytotoxic test was carried out in randomized blocks, with 4
replications and 5 concentrations (5, 10, 20, 40 mg. mL-%) and distilled water as control (0%).
To calculate the mitotic index, a regression was performed on the EC50 of the control, with 3
treatments (aqueous, hydroethanolic and control) in 4 replications. The parameters evaluated
were: Root Protrusion (PR), percentage of germination on the 4th (G4) and 7th (G7) day,
Germination Speed Index (IVG), Number of Normal (NPN) and Abnormal (NPA) Seedlings,
Allelopathic Effect Index (RI), Shoot Length (CPA), Root Elongation (AR), Fresh Biomass
(BF), Mitotic Index (MI) and Frequency of Chromosomal Abnormalities (FAC). Analysis of
enzymatic activity and lipid peroxidation was carried out. Statistical analysis consisted of
analysis of variance - ANOVA (p < 0.05), and for the other results, means were compared using
the Scott-Knott test. For all morphological parameters, the extracts were efficient from 10 mg.
mL-*. For all germination parameters, there was a delay in germination at concentrations of 20
and 40 mg. mL-1. Abnormalities included micronuclei, bridging in anaphase and telophase, c-
metaphases, stickiness, lost chromosomes, and delayed chromosome in anaphase and telophase.
Furthermore, the extracts also caused oxidation changes in lettuce seeds. This suggests that
jambol&o can be a source of prospecting for allelochemicals.

Keywords: jambolao; lettuce; bioassays; phytotoxicity; cytotoxicity.
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1 INTRODUCAO

Os defensivos agricolas tém sido utilizados na agricultura por varios anos e, a cada
periodo, novos compostos sdo produzidos e registrados com a finalidade de garantir um bom
controle de pragas e uma producédo alimentar satisfatdria (BRASIL, 2020). Entre as categorias
de defensivos amplamente comercializados, destacam-se os herbicidas (IBAMA, 2020b) que,
por sua vez, sdo compostos bioativos com capacidade de impedir o desenvolvimento vegetal
por provocar diferentes efeitos nas plantas, comumente usados para matar as ervas daninhas ao
interromper o equilibrio dos processos bioquimicos e fisiologicos das plantas (Ervin et al.,
2019).

De acordo com o balango de vendas de defensivos agricolas no Brasil, divulgado pelo
Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis (IBAMA), em 2021
foram comercializadas mais de 720,87 mil toneladas de defensivos agricolas no Brasil, o que
representa um aumento de 5,03% em relacdo ao ano anterior (IBAMA, 2022a). Desses,
aproximadamente 56% herbicidas, seguido de fungicidas e inseticidas (IBAMA, 2022b).

Segundo o Sindicato Nacional da Industria de Produtos para a Defesa Vegetal
(SINDIVEG), o estado de Minas Gerais movimenta um setor bilionario e ocupa o 2° lugar no
ranking de consumo de agroquimicos (SINDIVEG, 2021). Diante disso, a comunidade
cientifica tem buscado métodos alternativos para o controle de problemas fitossanitarios como
as plantas daninhas.

A maioria dos estudos investigam alelopatia em espécies vegetais (Barbosa et al., 2018;
Nunes et al., 2014; Silveira et al., 2014;). Atualmente as substancias alelopaticas sao utilizadas
para controle de plantas daninhas, pois interferem positivamente no controle de plantas
infestantes e contribuem para 0 manejo ecologico livre dos compostos nocivos dos herbicidas
sintéticos (Ervin et al., 2019).

Todo 6rgdo da planta pode ser fonte de substancias alelopaticas, suas sementes, frutos,
flores, folhas, caules e raizes contém aleloquimicos, cuja composicdo e quantidade variam de
espécie para espécie (Amancio et al., 2020). Segundo Barbosa et al. (2018) as substancias
aleloquimicas podem interferir nas plantas superiores, inibindo a germinacao, causando injarias
durante o crescimento da raiz e dos meristemas, inibindo assim o desenvolvimento inicial da
planta.

Dentre as espécies pertencentes a familia Myrtaceae, a Syzygium cumini (L.) Skeels,
comumente conhecida como jamboldo, é uma espécie que vem sendo bastante estudada por

suas propriedades (Carvalho et al., 2016). Além de ser uma planta rica em compostos fendlicos,
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apresenta propriedades antioxidantes e antimicrobianas (Freita et al., 2021). Assim, a espécie
tornou-se uma planta de grande interesse em pesquisas alelopaticas.

Ressalta-se que na revisdo bibliogréfica realizada para construcéo desta proposta, ndo
foram encontrados estudos sobre a fitotoxicidade e/ou citogenotoxicidade de extratos foliares
(ou de outros 6rgdos) da espécie Syzygium cumini (L.) Skeels sobre a dindmica da germinagéo
e crescimento inicial de plantulas.

O objetivo deste trabalho foi analisar os efeitos fitocitotoxico dos extratos foliares de
Syzygium cumini (L.) Skeels obtidos por diferentes formas de extracdo e secagem por
liofilizacdo e spray drying em biotestes de L. sativa, bem como a analise da atividade
enzimatica superoxido dismutase (SOD) e da peroxidacdo lipidica. Além disso, este trabalho
podera introduzir conhecimentos sobre o desenvolvimento de bioherbicidas eficazes, menos

invasivos ao meio ambiente, que possam ser Uteis a agricultura de baixo impacto.
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2 DESENVOLVIMENTO

A seguir, arevisao de literatura atualizada acerca dos temas abordados nesta dissertacao,

com intuito de gerar embasamento tedrico para a andlise e discussao dos resultados obtidos.

2.1 CARACTERIZACAO BOTANICO-AGRONOMICA DO JAMBOLAO E SUA
CONSTITUICAO FITOQUIMICA

Segundo Carvalho et al. (2016), o jambolao pertence a familia Myrtaceae de origem
Asiatica, especificamente da india. No Brasil encontra-se em diferentes regides do pais como
uma arvore ornamental, conhecida como jameldo, azeitona preta, ameixa preta e amora silvestre
indiana. Cientificamente, ¢ conhecida pelas nomenclaturas Syzygium cumini e Syzygium
jambolanum.

A espécie é descrita como uma arvore que mede cerca de 10 metros de altura e de 3 a
4,5 metros de diametro de projecdo da copa, com folhagem abundante, e ramos de coloracdo
acinzentada-claro, de caule aéreo e ereto. Apresenta folhas simples, pecioladas, lanceoladas ou
lanceoladas oblongas a elipticas, com margens onduladas, apices cuspidados e bases cuneadas.
Suas flores estéo dispostas em inflorescéncias, de coloragdo branca a creme (Prato, 2013).

Com formato de bagas elipsoidais, o fruto jamboldo possui comprimento de 3 a 5
centimetros, polpa esbranquicada ou rosada e uma semente localizada no centro da fruta. Esse
dispde de coloracéo verde e quando atinge a maturacdo apresenta uma coloracdo de roxa a preta
(Singh et al., 2018).

Figura 1 — Arvores, frutos e folhas de jambol&o

AT

Fonte: Autoria propria, 2022.

No Brasil, a floragdo do jamboldo inicia entre os meses de setembro a novembro e a
maturagdo da fruta entre dezembro e fevereiro. Séo frutas ndo climatéricas, sendo necessario

atingir o tempo de maturacdo completa para colheita (Sabino et al., 2018), além disso, € uma
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fruta altamente perecivel, devido a fragilidade da polpa e do epicarpo, provendo assim baixa
protecdo contra injurias fisicas e agentes infecciosos, deste modo n&o pode ser armazenada por
longo tempo (Baraiya et al., 2015).

O jamboldo tem se destacado por ser rico em Vvarios constituintes benéficos a salde,
como compostos fenolicos, e por apresentar propriedades antioxidantes e antimicrobianas
(Freita et al., 2021). As diferentes partes da planta do jambol&o sdo amplamente utilizadas na
medicina popular. Seu uso intenso estimulou a pesquisa cientifica, identificando indicacfes
terapéuticas devido as inimeras ac¢oes farmacoldgicas (Rodrigues et al., 2015).

Um dos compostos fendlicos que existe no jamboldo sdo as antocianinas, mas também
taninos hidrolisaveis, flavonois e flavonoides (Lestario et al., 2017). A producgdo de extratos
naturais com altos niveis de antocianinas do jamboldo podem ser considerada uma abordagem
muito Util para as indudstrias alimenticia, farmacéutica, cosmética e para producao de corantes
naturais (Brito et al., 2017). Além das propriedades antioxidantes, a espécie apresenta efeito
antimicrobiano no crescimento de Salmonella typhimurium, Shigella flexneri, Staphylococcus
aureus e E. coli enterotoxigénica, principais patdgenos responsaveis por doencas transmitidas
por alimentos (Haque et al., 2017).

Ao que se refere a seus constituintes fitoquimicos, sdo encontradas algumas substancias
quimicas, como flavonoides, antocianinas, quercetina, rutina, mirecetina e seus glicosideos
(acucares) e taninos hidrolisaveis, produzidas naturalmente pela planta para protecdo contra o
ataque de pragas e doencas, ajudando também a suportar condi¢des adversas do ambiente (Priya
et al., 2017). As concentracdes desses compostos variam de acordo com o habitat e alteracdes

climaticas as quais estdo expostas as plantas (Tavares et al., 2017).

2.2 FITOQUIMICA APLICADA AO POTENCIAL ALELOPATICO

A interacdo entre as plantas ocorre ndo apenas por competi¢do, mas muitas plantas
invasoras possuem vantagens adaptativas baseadas na producéo e liberacao de biomoléculas no
ambiente. Essas substancias sdo produzidas em sua maioria via metabolismo secundario e
denominadas de aleloquimicos, que podem influenciar estimulando ou inibindo o crescimento
e o desenvolvimento de outras plantas e organismos, num fenémeno conhecido como alelopatia
(IAS, 2019) e representam alguma vantagem contra a acdo de microrganismos, Vvirus, insetos,
e outros patdgenos ou predadores, interferindo na conservacdo, dorméncia, germinacdo de

sementes e no crescimento de plantulas (Li et al., 2020).



15

A espécie Syzygium cumini (L.) Skeels tem sido estudada quanto aos seus efeitos
protetores contra o estresse oxidativo e a formacdo de radicais livres. Segundo Pessoa (2021),
a partir da prospeccao fitoquimica foi evidenciado que as folhas de S. cumini possuem uma rica
composicdo de metabolitos secundarios, taninos e saponinas, nos quais as empresas tem um
grande interesse.

Todas as plantas produzem metabolitos secundarios, que variam em qualidade e
quantidade de espécie para espécie, de um local de ocorréncia ou ciclo de cultivo para outro,
pois muitos desses metabdlitos tem sua sintese desencadeada por eventuais circunstancias em
que as plantas estdo expostas. Derivados como terpenos/esteroides, flavonoides e taninos
sofrem variagdo sazonal (Pessoa, 2021).

Dentre os metabolitos secundarios estdo os taninos hidrolisveis e condensados,
cumarinas, lignanas, ligninas, alcaloides derivados dos aminoacidos aromaticos,
fenilpropanoides, flavonoides, antraquinonas, aminoacidos alifaticos e os alcaloides derivados
destes terpenoides, esteroides e acidos graxos (Bitencourt et al., 2021).

A resisténcia ou tolerdncia aos metabolitos secundarios que funcionam como
aleloguimicos é mais ou menos especifica, existindo espécies mais sensiveis que outras, como
por exemplo Lactuca sativa L. (alface), por isso muito utilizada em biotestes de laboratorio
(Bitencourt et al., 2021).

2.3 BIOENSAIOS APLICADOS A PROSPECCAO DE SUBSTANCIAS COM EFEITOS
ALELOPATICOS/ALELOQUIMICOS

Os bioensaios vegetais tém se tornado ferramentas frequentemente utilizadas em
laboratdrios, com fins de verificar a atividade de diferentes compostos sobre os parametros
fisioldgicos e citogenéticos de diferentes biotestes. Essa técnica € caracterizada por apresentar
baixo custo, eficiéncia e resultados rapidos de pesquisa, razdo pela qual a torna muito utilizada
pelos pesquisadores (Amancio et al., 2020). Além disso, a presenga de fitotoxicidade para
alguns vegetais de importancia econémica foi verificada em bioensaios envolvendo extratos
foliares de plantas (Alves et al., 2019).

A literatura descreve que nos estudos sobre os efeitos de aleloquimicos podem ser
utilizadas como bioensaios de fitotoxicidade e citogenotoxicidade as sementes nativas ou de
espécies cultivadas, entre elas se destacam a alface.

De acordo com trabalhos, como o de Barbosa et al. (2019), a alface contempla diversas

peculiaridades, dentre elas, rapida germinacéo, onde sofrem mudancas fisiologicas e tornam-se
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altamente sensiveis ao estresse ambiental. Além disso, apresenta crescimento linear em ampla
faixa de variagdo de pH, baixa sensibilidade aos potenciais osmoticos, grande nimero de células
em divisdo na zona meristematica radicular.

Testes de toxicidade com alface permitem que os efeitos fitotoxicos possam ser
analisados por diferentes variaveis como germinacdo, alongamento de raiz e biomassa vegetal.
Além de ser padronizada, internacionalmente, como planta bioindicadora (Gongalves et al.,
2016).

2.4 PROCESSOS DE SECAGEM POR LIOFILIZACAO E Spray Dryer

A liofilizacdo é um processo de secagem comumente utilizado em laboratérios de
pesquisa e instituicbes de conservacao biologica (Meyer et al., 2022). O método envolve a
remocdo da dgua das células da planta por meio da sublimacdo sob pressao, interrompendo as
reacOes quimicas e atividades bioldgicas, permitindo o armazenamento seguro e prolongado,
com a possibilidade de reativacao futura (Corréa, 2013).

Atualmente, o sistema Nano Spray Dryer B-90 HP apresenta alto desempenho, que pode
produzir pequenas quantidades de particulas submicrométricas a partir de soluc@es diluidas,
emulsBes e suspensdes. A técnica € realizada com o objetivo de melhorar as propriedades de
manuseio dos produtos e melhorar a estabilidade a oxidagdo, protegendo 0s compostos
bioativos (Burki et al., 2011). O principio basico deste método consiste em dissolver 0s
materiais do nucleo/parede em &gua para preparar uma emulsdo na forma liquida e, em seguida,
alimentar esta emulsdo em um meio quente (100-300 °C) para evaporar o etanol. O produto
seco final pode ser coletado na forma de pé ou como particulas aglomeradas, dependendo do
projeto de operacao do secador e das condi¢Oes de operacdo. A alta temperatura da camara de

secagem facilita a evaporacdo do etanol em gotas (Bourbon et al., 2020).

2.5 TESTE DE CITOTOXICIDADE

Os testes de citotoxicidade sdo muito explorados, devido a sua competéncia em
investigar a viabilidade celular. S&o utilizados comumente para identificar se as substancias de
interesse exibem efeitos citotdxicos diretos, indicativo fundamental para compreensdo quanto
aos mecanismos de atuacdo para determinados genes, proteinas e vias relacionadas & morte

celular apds exposicdo a agentes toxicos (Fagundes et al., 2017).
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O indice mitdtico (IM), caracterizado pelo numero total de células em divisdo no ciclo
celular, tem sido utilizado como parametro para avaliar a citotoxicidade de diversos agentes
(Fernandes et al., 2017). Segundo Hoshina (2022), IM significativamente inferiores ao controle
negativo podem indicar alteracfes, decorrentes da agdo quimica no crescimento e
desenvolvimento dos organismos expostos. Por outro lado, IM superiores ao controle negativo
sdo resultados de um aumento na divisao celular, o que pode ser prejudicial as células, levando
a uma proliferacdo celular desordenada. A avaliacdo de IM e da frequéncia de anormalidades
cromossémicas (FAC) no teste com L. sativa pode ser realizada tanto em células meristematicas
quanto em células de raizes (Leme, 2018). Além de avaliar efeitos mutagénicos, a analise
permite investigar os mecanismos de acdo de agentes quimicos e pode ser considerada um
método confidvel para determinar a presenca de agentes citotdxicos no ambiente e, portanto,
um teste sensivel para estimar os niveis de poluicdo. VVéarios estudos utilizam a avaliacdo do IM
para detectar citotoxicidade e a maioria deles apresentou resultados satisfatorios as analises
propostas (Fagundes et al., 2017; Fernandes et al., 2017; Leme, 2018).

2.6 ESTRESSE OXIDATIVO E ATIVIDADE ANTIOXIDANTE (SOD)

O estresse oxidativo decorre de um desequilibrio entre a geracdo de compostos
oxidantes e a atuacdo dos sistemas de defesa antioxidante. A geracdo de radicais livres e/ou
espécies reativas € resultante do metabolismo de oxigénio. A mitocondria da planta, por meio
da cadeia transportadora de elétrons, € a principal fonte geradora (Eleutherio et al., 2021). O
sistema de defesa antioxidante tem a funcdo de inibir e/ou reduzir os danos causados pela agéo
deletéria dos radicais livres e/ou espécies reativas nao radicais. Esse sistema, usualmente, é
dividido em enzimético (superoxido dismutase, catalase e glutationa peroxidase) e ndo-
enzimatico. No ultimo caso, é constituido por grande variedade de substancias antioxidantes,
que podem ter origem enddgena ou dietética (Nguyen et al., 2020).

A Superoxido dismutases (SOD) séo enzimas que participam do controle de espécies
reativas de oxigénio no corpo (ROS), que quando em excesso podem causar lesdes celulares
importantes. As enzimas da SOD dao inicio na conversao de radicais superdxidos em oxigénio
e peroxido de hidrogénio para que entdo possamos excretar o excesso de ROS (Eleutherio et
al., 2021; Nguyen et al., 2020).

A producdo de peroxido de hidrogénio € uma das principais caracteristicas do
metabolismo celular, notadamente sob condi¢es adversas, como nos casos de estresses bidticos

ou abidticos.
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3 JUSTIFICATIVA

O uso indiscriminado de defensivos agricolas na producéo de alimentos no Brasil, bem
como o grande numero de substancias registradas nos ultimos anos tem acarretado grandes
problemas ambientais e impactos a saide humana. Na perspectiva de reduzir esses impasses, 0
estudo de extratos de plantas com atividade alelopatica surge como uma opgao para 0 manejo
integrado de pragas e que, pode contribuir para a reducdo de doses e aplicacGes de herbicidas
quimicos sintéticos.

A Syzygium cumini (L.) Skeels, conhecida como jambolédo, é uma espécie que produz
naturalmente constituintes fitoquimicos para se proteger do ataque de pragas e doencas,
ajudando também a suportar condi¢bes adversas do ambiente. A planta ainda produz
metabolitos secundarios com efeito alelopatico, como os flavonoides, que podem se mostrar
menos agressivos ao meio ambiente quando comparados a herbicidas comerciais.

No entanto, a atividade alelopética das folhas de Syzygium cumini (L.) Skeels em
bioensaios vegetais com L. sativa ainda ndo foram verificadas em estudos anteriores.

Assim, o presente estudo justifica-se por ser composto por bioensaios cientificos com o
intuito de averiguar o potencial fitocitogenotoxico e bioquimico das substancias existentes nas
folhas da espécie Syzygium cumini (L.) Skeels. Além disso, o estudo alelopatico gera a
possibilidade de introduzir conhecimentos para a elaboracdo de bioherbicidas que possam
colaborar com atividades agrondmicas de baixo impacto, novas perspectivas para a agricultura

sustentavel e a preservacdo da biodiversidade.
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4 OBJETIVOS

A sessdo a seguir trata dos objetivos gerais e especificos deste trabalho.

4.1 OBJETIVO GERAL

Analisar o efeito alelopatico de extratos obtidos das folhas de Syzygium cumini (L.)

Skeels por método de liofilizacdo Spray Dryer, aplicados em bioensaios com L. sativa.

4.2 OBJETIVOS ESPECIFICOS

O presente trabalho se propos a:

a) Verificar o efeito fitocitogenotdxico de extratos foliares de Syzygium cumini (L.)
Skeels;

b) Realizar analise da atividade enzimética (SOD), peroxidacdo lipidica e danos
associados ao efeito citotoxico da espécie;

c) Colocar esse trabalho na vanguarda dos estudos como fonte de aleloquimicos para
producéo de herbicidas naturais.
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5 CONSIDERACOES FINAIS

Os aleloquimicos sdo substancias produzidas naturalmente pelo metabolismo
secundario da planta, participando da atividade alelopatica da espécie. Teoricamente, todas as
plantas sdo potencialmente capazes de sintetizar metabdlitos secundarios.

A espécie Syzygium cumini (L.) Skeels tem se tornado uma planta de grande relevancia
para estudos alelopaticos, considerando que h& muitos beneficios em suas aplicacdes, sendo
uma espécie rica em compostos fendlicos e metabdlitos secundario.

Em meus estudos, os extratos da espécie apresentaram efeito fitocitotdxico, sugerindo
sua viabilidade como fonte de aleloquimicos, sendo uma alternativa viavel e sustentavel para a
agricultura de baixo impacto, com beneficios tanto para 0 meio ambiente quanto para a saude

humana.
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Abstract

Syzygium cumini (L.) Skeels is a tropical, perennial fruit tree commonly known as jambolan.
Its leaves are notable for containing metabolites with potential phyto- and cytotoxic
properties, which are associated with allelopathic activity. In this context, the objective of
this study was to investigate the effects of aqueous and hydroethanolic extracts, dried by
lyophilization and spray drying, prepared from the leaves of Syzygium cumini. For this
purpose, 30 Lactuca sativa seeds were used per treatment group (5, 10, 20 and 40 mg mL'),
with distilled water serving as a negative control. Germination and early growth parameters
were evaluated, including radicle protrusion, initial and final germination percentages,
germination speed index, allelopathic effect index, shoot length, root elongation, number of
abnormal seedlings, fresh biomass, mitotic index, frequency of chromosomal abnormalities,
lipid peroxidation, hydrogen peroxide content, and superoxide dismutase activity. Regarding
germination parameters, delayed germination was observed at concentrations of 20 and 40
mg mL!. The extracts exhibited phytotoxicity starting at 10 mg mL™! in terms of growth
parameters. A progressive increase in extract concentration led to changes in enzymatic
activity and cell division. Based on these findings, the phytotoxic potential of Syzygium

cumini leaf extracts was confirmed.
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Introduction

Syzygium cumini (L.) Skeels (Myrtaceae) is a tropical, perennial fruit tree commonly
known as Indian blackberry, black plum, jambolan, or jambolao. It is native to South and
Southeast Asia, particularly Pakistan, India, Afghanistan, Myanmar, Indonesia, the
Philippines, Hawaii, and Australia (Qamar et al., 2022). The species is widely distributed in
various parts of the world, especially in tropical regions. Used in traditional medicine, it
exhibits anticancer, antimutagenic, antioxidant, antihyperglycemic, antihyperlipidemic, anti-
inflammatory, and cardioprotective properties (Rahma et al., 2023). The bioactive molecules
present in S. cumini include phenolic acids, terpenes, alkaloids, tannins, and saponins.
Polyphenols are reported to be the major constituents of its leaves and are considered
primarily responsible for its biological potential (Kumari et al., 2023).

The leaves of Syzygium cumini are notable for containing a wide range of
phytochemicals, including kaempferol, myricetin, quercetin, caffeic acid, chlorogenic acid,
ellagic acid, ferulic acid, gallic acid, tannins, nilocetin, a-pinene, a-cadinol, pinocarvone,
pinocarveol, a-terpineol, myrtenol, eucarvone, muurolol, myrtenal, cineole, and
geranylacetone (Ahmed et al., 2019; Kumari et al., 2023). Studies have demonstrated its
cytotoxic potential in both in vitro and in vivo models, using different parts of the plant: seeds
(Ruthurusamy et al., 2015); fruits (Ezhilarasan et al., 2019); and leaves (Artanti et al., 2019;
Figr1 et al., 2020). Among the biological activities of S. cumini, its phytotoxicity remains
relatively unexplored. The ability of its phytochemicals to interfere directly or indirectly with
the life cycle of other plants, causing morphological, biochemical, and cytogenetic damage,
a phenomenon known as allelopathy, has yet to be thoroughly investigated.

The use of plant-based models is effective for detecting phyto-cytotoxic agents
(Santos et al., 2017). The combined assessment of morpho-germination variables
(germination rate and early seedling development), cytogenetic parameters (mitotic index
and cell cycle aberrations), and biochemical markers is essential for understanding the impact
of phytotoxic phytochemicals (Govéa et al., 2020; Amancio et al., 2021; Santos et al., 2024;

Moreira et al., 2024). This methodology is considered reliable, as cytogenetic and
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biochemical variables influence one another and are directly related to morphological
parameters. For instance, the growth of an organ such as the root is intrinsically linked to
both an increase in cell number and cell elongation during developmental and differentiation
stages (Ribeiro et al., 2013; Carvalho et al., 2019; Amancio et al., 2020; Calvelli et al., 2023).

Given the above, this study aimed to investigate the effects of aqueous (decoction)
and hydroethanolic (1:1) extracts from Syzygium cumini leaves, both dried by lyophilization
and spray-drying. The phytotoxic, cyto-genotoxic, and biochemical activities were described,
and their effects were classified using allelopathic and genotoxic synthesis effect methods.
For this purpose, Lactuca sativa L. was used as the test system, and germinative,

morphological, biochemical, and cytogenetic variables were evaluated.

Materials and methods
Extraction method

Syzygium cumini leaves were collected in the region of Alfenas, Minas Gerais, Brazil
(21°24'54.73"S; 45°57'38.63"W) (Figure 1). A voucher specimen was deposited in the

herbarium of the Federal University of Alfenas — MG under registration number 3251.

Figure 1. Syzygium cumini individuals at the collection site.

The leaves were dried in a forced-air circulation oven (Solab® SL 102) at 45 °C until
a constant weight was reached. They were then ground using a knife mill (Cienlab® CE 430)
and stored in amber glass containers.

a) Aqueous extract: The aqueous extract was obtained by the decoction method at

20% concentration (Brasil, 2019). It was subsequently lyophilized using a freeze-dryer
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(Liotop® L101) under a pressure of 198 pHg and a temperature of —54 °C, and stored at
—20°C.

b) Hydroethanolic extract: Obtained by exhaustive percolation method (Brasil,
2019). The percolates were concentrated by rotary evaporation using a Buchi system
(Rotavapor R-100, Heating Bath B-100, and Vacuum Pump V-100) at 45 °C. The total solid
content was determined (Brasil, 2019), and adjusted to 11% solid residue by adding a drying
adjuvant, colloidal silicon dioxide, followed by spray drying (BUCHI B-290).

Sample preparation: Both extracts were solubilized in distilled water at
concentrations of 5, 10, 20, and 40 mg mL"! using a magnetic stirrer for 5 minutes, then
centrifuged at 1500 rpm for 15 minutes at 24 °C. After centrifugation, only the supernatant

was used in the bioassays.

Phytotoxicity bioassay

The bioassays were conducted in 70 mm Petri dishes containing two sheets of
Germitest® paper moistened with 3 mL of the previously described solutions, with distilled
water used as a negative control. Thirty seeds of Lactuca sativa cv. Baba de Verdo (ISLA
PAK Ltda, lot 54053) were uniformly distributed in each dish and incubated in a biochemical
oxygen demand (BOD) growth chamber (Ethik 411 FPD) at 24 °C under a 12-hour
photoperiod.

Root protrusion was evaluated after 24 hours, while germination percentage was
assessed on the 4th and 7th days (Brasil, 2019). The germination speed index was determined
by counting germinated seeds every 6 hours during the first 48 hours and every 12 hours until
the 7th day, calculated and adapted according to Maguire (1962).

On the 7th day, the seedlings were scanned using a professional scanner (Epson
Expression 10000 XL, Epson America Inc., Long Beach, CA, USA) to measure root
elongation and shoot length using ImagelJ software. The number of abnormal seedlings was
also recorded. Fresh biomass was weighed using an analytical balance.

The allelopathic effect synthesis (LI) was calculated by summing the response index

(RI) values obtained in the experiment, according to Williamson and Richardson (1988).

RI = 1-CAT(T>C)
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Where: C = control response; T = treatment response.

LI=[>RDI/N

Where: N = number of variables analyzed.

Cytotoxicity bioassay

Cytotoxicity assessment was performed using the inhibitory concentration for root
length (IC50) of each extract, established from a regression curve (Carvalho et al., 2019).
Lactuca sativa seeds were exposed to aqueous and hydroethanolic extracts at IC50
concentrations, with distilled water used as a control. Root tips were collected after 24 hours
of exposure, fixed in Carnoy’s solution 3:1 (ethanol:acetic acid), and stored at -18 £ 2 °C.
Slides were prepared using the squash method (Silva Souza et al., 2025). The mitotic index
(MI) and the frequency of chromosomal abnormalities (FCA) were calculated based on the
evaluation of 8000 cells per treatment, 2000 per replicate (MI = cells in mitosis / total number
of cells counted; FCA = total abnormalities / total number of cells counted).

The synthesis of the cytogenotoxic effect was calculated as follows: mitotic
cytogenotoxic effect (MCE); clastogenic alterations (CA); and aneugenic alterations (AA).
Where: MCE = chromosomal abnormalities during mitosis / number of dividing cells (MCE
=FCA/MI); CA = chromosomal bridges and breaks / number of anaphase and telophase cells
analyzed; AA = stickiness, c-metaphase, lost and lagging chromosomes / total number of

metaphase, anaphase, and telophase cells (Silva Souza et al., 2025).

Biochemical Analysis

a) Hydrogen peroxide (H20:2): 0.2 g of fresh seedling tissue obtained on the 7th day
was ground in liquid nitrogen with 20% polyvinylpyrrolidone (PVP) (w/v), homogenized in
1.5 mL of 0.1% (w/v) trichloroacetic acid (TCA), and centrifuged at 12,000 rpm for 15
minutes at 4 °C. H20: concentration was determined by measuring absorbance at 390 nm in
a reaction medium containing 100 mM potassium phosphate buffer (pH 7.0) and 1 M
potassium iodide (Velikova et al. 2000).

b) Lipid peroxidation: Assessed by quantifying thiobarbituric acid reactive substances

(TBARS). 0.2 g of fresh seedling tissue obtained on the 7th day was ground in liquid nitrogen
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with 20% PVP (w/v) and homogenized in 1.5 mL of 0.1% TCA (w/v). The homogenate was
centrifuged at 12,000 rpm for 15 minutes at 4 °C. Aliquots of 250 uL of the supernatant were
added to the reaction medium containing 0.5% (w/v) thiobarbituric acid (TBA) and 10%
(w/v) TCA, and incubated at 95 °C for 30 minutes. The reaction was stopped by rapid cooling
on ice, and absorbance was measured at 535 nm and 600 nm using a spectrophotometer
(Buege and Aust, 1978).

¢) Superoxide dismutase (SOD): Enzymatic extracts were obtained according to
Biemelt et al. (1998). 0.2 g of seedlings were ground in liquid nitrogen with insoluble
polyvinylpolypyrrolidone (PVPP), and 1.5 mL of extraction buffer was added (400 mM
potassium phosphate, pH 7.8, 10 mM EDTA, and 200 mM ascorbic acid). The homogenate
was centrifuged at 13,000 rpm for 10 minutes at 4 °C, and the supernatant was collected for
enzymatic activity analysis. SOD activity was estimated based on the enzyme’s ability to
inhibit the photoreduction of nitroblue tetrazolium (NBT) (Giannopolitis and Ries, 1977).
Absorbance was measured at 560 nm. One unit of SOD activity was defined as the amount

of enzyme required to inhibit NBT photoreduction by 50% under the assay conditions.

Statistical Analysis

The experimental design was completely randomized (CRD) in a 2 x 5 factorial
scheme, with two extraction methods and five concentrations (0, 5, 10, 20, and 40 mg mL™).
Based on the root development inhibition data, the IC50 was determined through regression
analysis to characterize cytotoxicity, comparing only the IC50 concentration of both extracts
with the distilled water control. Both experiments were conducted with four replicates of 30
seeds each. All experimental data were subjected to ANOVA, and means were compared
using the Scott-Knott test at a 5% significance level, with the aid of the Sisvar software

version 5.4, as described by Ferreira (2019).

Results

As a result of the centrifugation process, the hydroethanolic extract was separated
into two phases: the supernatant, referred to as the hydroethanolic extract, and the precipitate,
characterized by the presence of Aerosil. Despite its intense coloration, the precipitate did

not exhibit phytotoxic effects in the bioassay. This result confirms that the spray-drying
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method using Aerosil as an adjuvant, although it may have carried some compounds during
dilution and centrifugation, did not compromise the bioavailability of the phytochemicals
involved in the phytotoxicity process.

In response to the Syzygium cumini extract, Lactuca sativa seeds exhibited changes
in germination patterns, with root protrusion and germination speed index being the most
affected parameters. Root protrusion at 24 hours (Fig. 2A) was inhibited starting at a
concentration of 10 mg mL™! when seeds were exposed to the aqueous extract. In contrast,
the hydroethanolic extract caused inhibition only at 20 mg mL"!, a concentration 60% higher
than that of the aqueous extract, indicating lower toxicity. This trend is also observed in the
germination speed index, where all concentrations of the aqueous extract increased the mean
germination time of the bioassay (Fig. 2D) and differed statistically from the corresponding
concentrations of the hydroethanolic extract.

For initial germination (recorded on day 4) and final germination (recorded on day
7), only the 40 mg mL™! concentration of the aqueous extract showed significant effects,
inhibiting 87% of initial germination (Fig. 2B) and 54% of final germination (Fig. 2C) of L.
sativa seeds. In contrast, the hydroethanolic extract yielded values equivalent to the control

at all concentrations for both germination assessments.
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Figure 2. (A) Percentage of root protrusion, germination percentage at (B) 4 and (C) 7 days,
and (D) germination speed index of Lactuca sativa exposed to different concentrations of
aqueous and hydroethanolic leaf extracts of Syzygium cumini. Error bars represent standard
error. Uppercase letters indicate no significant difference among concentrations, and
lowercase letters indicate no significant difference between extraction methods, according to

the Scott-Knott test at 5% significance.

The extracts significantly increased the number of abnormal seedlings starting at the

concentration of 10 mg mL™! (Fig. 3A). However, the aqueous extract at 40 mg mL™! did not
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yield any developed seedlings. Seedling fresh mass was also affected, indicating a directly

proportional effect to the applied concentration (Fig. 3B).
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Figure 3. (A) Percentage of abnormal seedlings and (B) fresh mass (g) of Lactuca sativa
exposed to different concentrations of aqueous and hydroethanolic leaf extracts of Syzygium
cumini. Error bars represent standard error. Uppercase letters indicate no significant
difference among concentrations, and lowercase letters indicate no significant difference

between extraction methods, according to the Scott-Knott test at 5% significance.

Both extraction methods caused significant deleterious effects on the morphological
parameters of Lactuca sativa, inhibiting the growth of the plant axis from the concentration
of 10 mg mL™! onwards. In contrast, the 5 mg mL™! concentration stimulated root elongation
in the hydroethanolic extract and shoot length in the aqueous extract, respectively (Fig. 4A).
It is important to note that the 40 mg mL™! concentration resulted in complete inhibition of
shoot length in seedlings exposed to the aqueous extract. In addition to physiological
alterations, such as germination inhibition, delayed development, and reduced growth,
morphological changes were also observed, including phenotypic alterations in the seedlings

such as chlorosis and deformation of the cotyledonary leaves (Fig. 4B and C).
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Figure 4. (A) Shoot and root length of Lactuca sativa exposed to different concentrations of
(B) aqueous and (C) hydroethanolic leaf extracts of Syzygium cumini. Error bars represent
standard error. Uppercase letters indicate no significant difference among concentrations, and
lowercase letters indicate no significant difference between extraction methods, according to

the Scott-Knott test at 5% significance.

The response index serves as a summary of the allelopathic effects observed on the
germinative and morphological parameters of Lactuca sativa, where inhibition is represented
by values approaching —1 and stimulation by values approaching +1. Accordingly, Table 1

shows that the allelopathic effect reached maximum inhibition at the concentration of 40 mg
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mL! for most parameters in the aqueous extract, while a stimulatory effect was observed

only at 5 mg mL™! for shoot and root length. Overall, the aqueous extract exhibited a stronger

inhibitory effect, with a total value 34.5% higher compared to the hydroethanolic extract.

Moreover, the concentration of 5 mg mL"! was the only one to exhibit a stimulatory effect on

L. sativa seeds when exposed to the hydroethanolic extract, specifically for root length and

the proportion of normal seedlings.

Table 1. Allelopathic response indices of aqueous and hydroethanolic extracts obtained from

Syzygium cumini leaves in bioassays using Lactuca sativa seeds.

Concentration (mg mL™")

Extract  Responsive Index S
Root Protrusion -0.10
Germination 4th day -0.03
» Germination 7th day -0.02
§ Germination Speed Index -0.21
g Short Length 0.08
< Root Length -0.60
Fresh Biomass -0.08 . .
Normal Seedlings -0.15 _
Root Protrusion -0.08 -0.14 -0.34
o Germination 4th day -0.02 -0.02 -0.08 -0.05
é Germination 7th day -0.02 -0.03 -0.06 -0.55
g Germination Speed Index -0.09 -0.22 -0.37 -0.58
§ Short Length -0.04 -0.31 -0.31 -0.60
S, Root Length 0.28 -0.39 :
= Fresh Biomass -0.01 -0.32 -0.50 -0.47
Normal Seedlings 003  -076 097  -1.00
LI
Allelopathy synthesis effect S LI s 10 20 40
Aqueous .02 014 037 0.6 -091
Hydroethanolic -1.32 0.006 -0.27 -0.42 -0.63
05 0 05 ‘

Colors in the RGB scale correspond to the

G255 B210); -1 (R255 G99 B69).

T
RI172 G255 B210

following values: 1 (R173 G105 B251); 0 (R173
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Based on regression analysis, root elongation inhibition equations were established
for the aqueous extract (y = 0.0021x* — 0.1173x + 1.4705, R* = 0.9105) and the
hydroethanolic extract (y = 0.0017x*— 0.1283x + 2.4871, R? = 0.8356). The aqueous extract
resulted in an ICso of 6 mg mL™!, indicating a phytotoxicity 2.25 times greater than that of the
hydroethanolic extract (ICso = 13.5 mg mL™).

Both extracts reduced the mitotic index compared to the control, with cytotoxic
effects of 30.1% and 41.46% for the aqueous and hydroethanolic extracts, respectively.
Among the mitotic phases, a significant reduction (p < 0.01) in metaphase was observed with
the hydroethanolic extract. An opposite effect was observed for chromosomal aberrations,
with a marked increase in their frequency. The total frequency of chromosomal abnormalities
increased by 3.22-fold for the aqueous extract and 2.24-fold for the hydroethanolic extract
(Table 2).

Table 2. Mitotic index of aqueous and hydroethanolic extracts obtained from Syzygium

cumini leaves in bioassays using Lactuca sativa seeds.

ICso (mg  Total Mitotic phase (%)
Treatments mL 1) di:é(lilislg MI (%) p M A T CAF
Control - 745 9.31£1.08 2.95+0.93 2.67+0.32 1.62+0.18 2.06+0.26 0.45+0.05
Aqgueous 6 521 6.51+0.12" 0.92£0.24 1.65+0.50 1.91+0.36 2.09+0.33 1.45+0.04"
Hydr. 13.5 436  5.45+0.84" 1.26+0.39 1.02+0.12" 1.31+0.15 1.85+0.34 1.01+0.1"

(*) Treatment means differ statistically from the control according to the Scott-Knott test at
5% significance. MI = mitotic index; P = prophase; M = metaphase; A = anaphase; T =

telophase; CAF = chromosomal abnormality frequency.

Chromosomal aberrations of clastogenic and aneugenic nature were recorded, with
no nuclear changes (micronuclei or lobulated nuclei) detected. Only anaphase bridges were
significantly increased in both extracts. Distinct patterns in the frequency of chromosomal
aberrations were observed: the aqueous extract led to an increase in lost and lagging
chromosomes during telophase, while the hydroethanolic extract induced an increase only in
C-metaphase. Stickness was the only aberration significantly reduced compared to the
control in the aqueous extract (Table 3). Details of the chromosomal abnormalities observed

are presented in Figure 5.
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Table 3. Chromosomal abnormalities in meristematic cells of Lactuca sativa induced by

aqueous and hydroethanolic extracts from Syzygium cumini leaves.

Treatments P.ANF PTEL C-M STICK CP CAA CAT

Control  0.03£0.01 ND  0.01£0.01 0.19+0.05 ND  0.18+0.03 0.04+0.02
Aqueous  0.25+0.04" 0.01£0.01 0.01£0.01 0.04+0.01" 0.73+0.08" 0.16+0.03 0.25+0.07"
Hydro. 0.08+0.01° ND  0.19+0.02° 0.21£0.04 0.21+0.11 0.29+0.06 0.04+0.01

(*) Treatment means differ statistically from the control according to the Scott-Knott test at
5% significance. (P.ANF) bridges in anaphase and telophase (P.TEL); (C-M) C-metaphases;
(STICK) stickiness; (CP) lost chromosome; (CAA) lagging chromosome in anaphase; (CAT)

lagging chromosome in telophase. ND = not detected.

Figure 5. Chromosomal abnormalities identified in the root tips of Lactuca sativa. (A-B)
lost chromosome in metaphase; (C) stickiness; (D) C-metaphases; (E) anaphase bridge; (F)
lagging chromosome in anaphase; (G) lagging chromosome in telophase; (H) telophase

bridge.

To determine the genotoxic potential of the extracts, Table 4 presents the
classification profile of chromosomal abnormalities according to their respective mitotic

phases. It is evident that the total cyto-genotoxic effect on mitosis i.e., the frequency of
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chromosomal abnormalities divided by the mitotic index, was significantly affected by both
extracts. The cytotoxicity profile of the aqueous extract was both clastogenic and aneugenic.
The clastogenicity of the aqueous extract was 9.87 times higher than that of the negative

control. On average, both extracts increased aneugenic abnormalities by 324.5%.

Table 4. Summary of the cyto-genotoxic effects in meristematic cells of Lactuca sativa

induced by aqueous and hydroethanolic extracts from Syzygium cumini leaves.

Mitotic dividing cells Efect cito-genotoxic (%)
Treatments ; ;
P M A T ECG Clastogenic ~ Aneugenic
Control 236 214 130 165 5.01 0.71 6.70
Aqueous 69 132 153 167 22.20%* 7.01* 21.06**
Hydroetanolic 101 82 105 148 19.13** 2.58 22.42%*

(*) Treatment means differ statistically from the control according to the Scott-Knott test at
significance levels: * p <0.05; ** p <0.001. P = prophase; M = metaphase; A = anaphase; T
= telophase; ECG = mitotic cyto-genotoxic effect; ND = not detected.

There was a significant interaction between the extracts and concentrations for all
biochemical variables. In the presence of the highest concentrations of the aqueous extract, a
15% increase in H20:. accumulation was observed compared to the control (Fig. 6A),
indicating a higher presence of reactive oxygen species (ROS). An increase in lipid
peroxidation (Fig. 6B) was detected at all concentrations of both extracts, with an average
effect of 223% at the higher concentrations (10, 20, and 40 mg mL™). The 5 mg mL!
concentration caused a 6.5-fold increase in lipid peroxidation compared to the control.
Superoxide dismutase (SOD) activity was significantly increased only in response to the
aqueous extract, starting at the lowest concentration, reaching a maximum level 110% higher

than the control (Fig. 6C).
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Figure 6. Biochemical analysis of Lactuca sativa exposed to aqueous and hydroethanolic
leaf extracts of Syzygium cumini. (A) Hydrogen peroxide content (mmol H.O. g fresh
mass); (B) Lipid peroxidation (nmol MDA g™! fresh mass); (C) Superoxide dismutase activity
(U SOD min! g'! fresh mass). Identical letters indicate no significant difference according to
the Scott-Knott test at 5% significance. Uppercase letters compare concentrations within each

extract, while lowercase letters compare concentrations between extracts.

Discussion
Preliminary studies on the phytotoxic effects of Syzygium cumini leaves demonstrate

a selective response that depends on the extraction method and the target plant species. The
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aqueous extract of dried S. cumini leaves exhibited limited inhibitory effects on the
germination of Phalaris minor. This discrepancy in results may be associated with plant
management practices and phenological stage, which, together with the extraction method,
influence the quality and quantity of phytochemicals available in each bioassay (Calvelli et
al., 2023; Moreira et al., 2024).

The morphological effects observed on the shoot and root development of Lactuca
sativa are intrinsically linked to two fundamental processes governing growth and
development in multicellular organisms: cell division and differentiation (Calvelli et al.,
2023). Imbalances between these processes lead to premature termination of organogenesis
and potentially abnormal growth, while the regulation of the transition from cell proliferation
to elongation during early differentiation stages is influenced by the maintenance of reactive
oxygen species (ROS) homeostasis (Bhattacharjee, 2019).

In this context, the evaluation of the mitotic index, in addition to determining the
cytotoxicity observed in meristematic cells (Leme and Marin-Morales, 2009), has proven to
be one of the main factors associated with root elongation in plant models. Accordingly,
depending on the cytotoxicity level, a compound may cause uncontrolled cell proliferation,
resulting in an increased mitotic index and potentially leading to tumor formation (Pinheiro
etal., 2015). Conversely, a reduction in the mitotic index indicates a halt in cell division and
the death of interphase nuclei, thereby decreasing the number of cells undergoing mitosis
(Calvelli et al., 2023). Although both extracts exhibited mitodepressive activity in L. sativa
meristematic cells, Santos et al. (2024) and Fiskesjo (1985) consider this effect significant
when the mitotic index drops by more than 50%. Despite the low mitodepressive effect, both
extracts induced an increase in chromosomal abnormality frequency, indicating high
genotoxic activity (Amancio et al., 2021). The presence of such abnormalities is considered
a cytogenetic indicator of cytotoxicity (Santos et al., 2024).

The genotoxic effect is characterized by two main groups of chromosomal alterations.
According to Leme and Marin-Morales (2009), clastogenic aberrations, responsible for
genotoxicity, damage DNA structure, leading to modifications in chromosome integrity. In
contrast, aneugenic aberrations affect the orientation and segregation of chromosomes,
altering chromosome numbers and resulting in cyto-genotoxic effects. Both extracts

promoted an increase in aneugenic events, including the induction of c-metaphase, lagging



O©CO~NOOOTA~AWNPE

359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389

chromosomes, and chromosome loss. These anomalies stem from improper polymerization
of the mitotic spindle fibers, which prevents correct chromosomal alignment during the cell
cycle. C-metaphase was the most significant abnormality observed in the hydroethanolic
extract, resulting from mitotic spindle disruption and chromosomal structural damage,
potentially leading to the formation of polyploid cells (Amancio et al., 2021). This loss of
sister chromatid cohesion may be linked to pericentromeric region inactivation caused by the
absence of histone H3 phosphorylation at serine 10, resulting in abnormal chromosome
orientation during cell division (Freitas et al., 2016). According to dos Santos et al. (2024),
the origins and classification of chromosomal stickiness are not yet fully understood, but this
abnormality may involve both aneugenic and clastogenic effects.

Another hypothesis for the formation of stickiness involves chromatid and
chromosomal adhesion due to the high chromosomal contraction observed in polyploid cells
(Fernandes et al., 2009), although no polyploidy was observed in any of the treatments.
Compounds present in the extracts may disrupt the balance of structural proteins, leading to
chromosomal aggregation and condensation, resulting in stickiness (Amancio et al., 2021).
Additionally, this protein imbalance, particularly involving histones, may lead to an increase
in chromosomal bridges (Pinheiro et al., 2015), as observed with the aqueous extract, which
was the only treatment to increase the occurrence of aneugenic abnormalities. Reactive
oxygen species (ROS), especially hydroxyl radicals, can target DNA and DNA-binding
proteins, leading to protein-DNA cross-linking (Choudhary et al., 2020). On the other hand,
the significant reduction in stickiness formation caused by the aqueous extract suggests that
other mechanisms may be involved in its formation, considering that changes in protein
expression patterns are proposed as a causal pathway for both types of abnormalities.

Although the presence of micronuclei was expected as a result of such abnormalities,
the current investigation did not detect them. This absence may be attributed to the
disintegration of chromosomes and their fragments within the cytoplasm (Ribeiro et al.,
2013). This phenomenon underscores the complex mechanisms involved in cell division and
highlights the repercussions of chromosomal segregation abnormalities on the morphology
and genetic composition of daughter cells upon exposure to S. cumini leaf extracts.

The reduction in the mitotic index and the increase in chromosomal abnormalities

may be associated with elevated levels of reactive oxygen species (ROS). The production of
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ROS has the potential to induce damage to microtubule structures and DNA, thereby
compromising genetic stability and disrupting the cell cycle, potentially leading to apoptosis
(Cavusoglu et al., 2024). ROS attacks result in DNA strand fragmentation, as well as the
removal and/or modification of nucleotides, along with deoxyribose oxidation. These
oxidative processes typically lead to various mutagenic aberrations. Regardless of the DNA’s
origin, such impairments cause abnormalities in the resulting proteins, thereby influencing
multiple aspects of cellular physiology (Choudhary et al., 2020).

Accordingly, the observed increase in superoxide dismutase (SOD) activity and
elevated levels of lipid peroxidation caused by the aqueous extract of Syzygium cumini in
Lactuca sativa seedlings may be associated with the presence of compounds that promote
the production of reactive oxygen species (ROS). Although ROS play a crucial role in
regulating various processes associated with plant growth and development, excessive levels
can exert deleterious effects on plant cells, leading to oxidative damage to essential cellular
components such as proteins, DNA, and lipids, ultimately triggering programmed cell death
(Heivachi et al., 2023). Cell membrane damage, resulting in excessive production of
malondialdehyde due to lipid peroxidation, is considered a primary event mediating the
toxicity of broad-spectrum pesticides (Chen et al., 2022).

The increased synthesis of superoxide dismutase (SOD) aims to inactivate the excess
reactive oxygen species (ROS) in cells in order to achieve oxidative homeostasis (Cavusoglu
etal., 2024). This is due to the fact that, unlike atmospheric oxygen, ROS possess an inherent
capacity to continuously oxidize a wide range of cellular components, leading to oxidative
cell death (Choudhary et al., 2020). Therefore, DNA is highly vulnerable to oxidative
damage, and phytotoxic phytochemicals have the potential to induce DNA strand breaks
either directly or through the abundant generation of ROS, resulting in lasting DNA damage
and ultimately culminating in cell death.

These phytochemicals affect plants in different ways depending on their
concentrations. In extract-based evaluations, this relationship becomes even more complex,
with possible synergistic and antagonistic interactions among active compounds depending
on the extraction method (Calvelli et al., 2023). Thus, the ability of cells to adapt to oxidative
stress induced by these compounds is intrinsically linked to the species’ inherent capacity to

effectively scavenge free radicals. This highlights the critical role of endogenous radical-
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scavenging mechanisms in mitigating the impact of allelopathic stressors (Cavusoglu et al.,
2024). An imbalance in reactive oxygen species (ROS) levels in plant cells can disrupt redox
homeostasis and trigger a cascade of reactions that lead to oxidative stress and damage,
underscoring the delicate balance required for proper cellular function.

Among the main bioactive compounds of Syzygium cumini, high levels of phenolic
compounds are noted for their antioxidant properties (Oliveira et al., 2022), also exhibiting
cytoprotective effects as demonstrated by the XTT assay (Ahmed et al., 2019). However, the
leaves are particularly notable for containing kaempferol, myricetin, quercetin, caffeic acid,
chlorogenic acid, ellagic acid, ferulic acid, gallic acid, tannins, nilocetin, a-pinene, a-cadinol,
pinocarvone, pinocarveol, a-terpineol, myrtenol, eucarvone, muurolol, myrtenal, cineole,
and geranylacetone (Kumari et al., 2023). These compounds have been associated with
antiproliferative and cytotoxic activities, suggesting that the anticancer properties of S.
cumini seed extract may be attributed to these constituents (Ezhilarasan et al., 2019; Fiqri et
al., 2020; Qamar et al., 2022).

Based on the results obtained in this study, it can be observed that Syzygium cumini
exhibits a range of cytotoxic effects, depending on the plant part used and the extraction
method applied. This divergence in cyto-genotoxic and mutagenic activity may be attributed
to the use of different biological models and the specific types of target cells analyzed.
Cytogenetic assays using Lactuca sativa have proven to be an appropriate system for
assessing the cytogenotoxicity of various samples, which is directly related to the
phytotoxicity of the root system (Amancio et al., 2021; Cunha Neto et al., 2023; Calvelli et
al., 2023).

Conclusion

Both extracts were effective at concentrations starting from 10 mg mL™! for
morphological parameters. Regarding germination parameters, a delay in germination was
observed at higher concentrations, with the aqueous extract being more effective. These
findings suggest that Syzygium cumini (L.) Skeels is a potential source of allelochemicals.
Furthermore, oxidative stress was evident, inhibiting seedling development and enzyme
homeostasis. The data revealed high levels of lipid peroxidation and elevated superoxide

dismutase (SOD) activity.
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