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RESUMO

O Brasil € um dos maiores consumidores de agrotéxicos do mundo, sendo o
herbicida glifosato o principio ativo mais vendido no pais em mais de 40 formulagdes
comerciais. Essas formulacbes apresentam além do principio ativo substancias
chamadas de ingredientes inertes as quais s&o utilizadas para melhorar suas
propriedades quimicas e fisicas, ampliando seu potencial de agcdo, mas que nao
possuem atividade agroquimica. A discriminacdo dessas substancias nao consta
nos rotulos, tornando dificil sua avaliacdo. Este trabalho buscou avaliar a toxicidade
das formulagbes a base de glifosato Roundup® DI (liquido) (RDI) e Roundup® WG
(granulado) (RWG), e de surfactantes utilizados como adjuvantes nas formulacdes
de glifosato, polioxietiieno amina (POEA) 05 e 15, bem como uma mistura de
ingrediente ativo + surfactantes (MIX) no organismo Caenorhabditis elegans, a fim
de estabelecer uma relagédo causa x efeito. Os vermes (L1) foram expostos em meio
liquido durante 30 minutos a diferentes concentragdes do ingrediente ativo (glifosato
em sal de monoisopropilamina), RDI, RWG, POEA 05 ou POEA 15. Apés, os vermes
foram transferidos para um meio sélido, onde a exposicdo continuou por mais 48
horas (exposi¢cao crbnica). Foram avaliadas apdés 48h a taxa de sobrevivéncia,
tamanho do corpo, tamanho da ninhada, producdo de ROS e niveis de ATP. A
formulacdo RWG e o POEA 15 ndo mostraram toxicidade nos parametros avaliados,
enquanto RDI e POEA 05 aumentaram a taxa de mortalidade nas concentragdes a
partir de 0.075 e 0.05% respectivamente, causaram alteragées no desenvolvimento
dos vermes de modo dependente da concentragcdo 0.04 e 0.06% respectivamente.
As formulacdes RDI, os surfactantes POE 05 e 15 e o MIX induziram a formacao de
ROS. Quando os animais foram expostos ao MIX nao houve intensificacdo da
toxicidade, o que indica que a toxicidade do RDI ndo se deve apenas a presenga do
surfactante POEA 05. A formulacdo Roundup® DI e o surfactante POEA 05 foram
mais téxicos que o principio ativo per se, indicando que a presenga de ingredientes
inertes aumentam a toxicidade das formulagdes e, portanto, precisam ser melhor
estudadas e melhor descritas nos rotulos dos agrotoxicos.

Palavras-Chave: C. elegans; Glifosato; Roundup®; Ingredientes Inertes; POEA,
Surfactantes; toxicidade.



ABSTRACT

Brazil is one of the largest consumers of pesticides in the world, the herbicide
glyphosate being the most sold active ingredient in the country in more than 40
commercial formulations. These formulations present in addition to the active
principle substances called inert ingredients which are used to improve their chemical
and physical properties, increasing their action potential, but which do not have
agrochemical activity. Discrimination of these substances is not on labels, making it
difficult to assess them. This work aimed to evaluate the toxicity of formulations
based on glyphosate Roundup® DI (liquid) (RDI) and Roundup® WG (granules)
(RWG), and of surfactants used as adjuvants in formulations of glyphosate,
polyoxyethylene amine (POEA) 05 and 15 as well as a mixture of active ingredient +
surfactants (MIX) in the body Caenorhabditis elegans in order to establish a cause-
effect relationship. The worms (L1) were exposed in liquid medium for 30 minutes at
different concentrations of the active ingredient (glyphosate in monoisopropylamine
salt), RDI, RWG, POEA 05 or POEA 15. The worms were then transferred to a solid
medium where the exposure continued for another 48 hours (chronic exposure). The
survival rate, body size, litter size, ROS production and ATP levels were evaluated
after 48h. The RWG formulation and POEA 15 showed no toxicity in the evaluated
parameters, whereas RDI and POEA 05 increased the mortality rate at
concentrations of 0.075 and 0.05%, respectively, causing changes in the
development of worms in a concentration dependent manner 0.04 and 0.06%
respectively. RDI formulations, POE 05 and 15 surfactants and MIX induced ROS
formation. When the animals were exposed to MIX there was no intensification of the
toxicity, indicating that RDI toxicity is not due solely to the presence of POEA 05
surfactant. The Roundup® DI formulation and POEA 05 surfactant were more toxic
than the active ingredient per indicating that the presence of inert ingredients
increases the toxicity of the formulations and therefore needs to be better studied
and better described on pesticide labels.

Keywords: C. elegans; Glyphosate; Roundup®; Inert Ingredients; POEA; Surfactants;
toxicity.
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APRESENTAGAO

A presente dissertagao foi desenvolvida em trés partes:

CAPITULO 1

Contém as segdes Introdugao, Revisao Bibliografica, Justificativa e Objetivos.
CAPITULO 2

Os resultados que fazem parte desta dissertagcao estdo apresentados sob a forma
de artigo cientifico. As se¢des Materiais e Métodos, Resultados e Discussao
encontram-se no proprio manuscrito. O manuscrito esta apresentado da mesma
forma que sera submetido a revista Food and Chemical Toxicology.

CAPITULO 3

Contém as conclusdes, perspectivas e referéncias bibliograficas.
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1. Introdugao

Agrotoxicos sao compostos de substancias quimicas destinadas ao controle,
destruicdo ou prevengao, direta ou indiretamente, de agentes patogénicos para
plantas, animais e as pessoas (Brasil, 1989). Atualmente, o Brasil € o maior
consumidor de agrotéxicos do mundo (Lopes and Albuquerque, 2018). Em 2017
foram comercializados 539.944,95 toneladas de ingrediente ativo (TIA) em produtos
formulados em todas as unidades federativas, onde 70.143,64 (TIA) foram
comercializados apenas no Rio Grande do Sul (IBAMA, 2018), sendo a média
brasileira de 4 Kg/hectare/ano (Neves and Bellini, 2013). Atualmente, cerca de mais
de 80% dos agricultores brasileiros utilizam agrotoxicos no combate de pragas e
doencas com o intuito de aumentar a produtividade, contribuindo com o aumento de
danos ambientais e comprometimento da saude humana, ja que os agricultores e
moradores de areas rurais estdo expostos a uma mistura de agrotoxicos (Pedlowski
et al., 2012). Segundo dados do IBAMA (2018) a principal classe de uso em
produtos formulados é a dos herbicidas com 315.573,38 (58,45%) de toneladas de
ingrediente ativo vendidos em 2017, e dentro dessa classe o ingrediente ativo
glifosato e seus sais com 173.150.75 de toneladas de ingrediente ativo foram os
mais vendido no pais em 2017.

As formulagdes comerciais de glifosato sdo as mais variadas e apresentam
outros ingredientes além do glifosato, os quais sédo relacionados com a toxicidade de
diversos organismos nao alvo (Mesnage et al., 2015; Tsui and Chu, 2003). Muitos
estudos vém mostrando a toxicidade das formulacbes comerciais a base de
glifosato: efeitos teratogénicos foram demonstrados em linhas de células humanas
(Paganelli et al., 2010), indugao na proliferacado de células de cancer de mama
humano (Thongprakaisang et al., 2013), além de toxicidade em organismos do solo
(Gaupp-Berghausen et al., 2015; McVey et al., 2016; Nicolas et al., 2016) e
mamiferos (Johansson et al., 2018; Owagboriaye et al., 2017). A toxicidade das
formulagcbes comerciais de glifosato como Roundup vem sendo atribuida aos
adjuvantes que sao adicionados as formulagbes comerciais (Hazen, 2000) e
principalmente aos surfactantes como o Polioxietileno Amina (POEA) que representa
aproximadamente 15% nas formulagbes comerciais de Roundup® (Giesy et al.,
2000). Em um tele6ésteo de agua doce Prochilodus lineatus foi observada
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genotoxicidade apods exposicdo a POEA (Navarro and Martinez, 2014), e este
também causou toxicidade em linhagens celulares humanas (Mesnage et al., 2013).

Tendo em vista tal realidade, estudos acerca da toxicologia e composigao dos
pesticidas tornam-se imprescindiveis para uma maior compreensao e avaliacdo dos
riscos gerados por sua utilizagdo. Estudos em animais superiores, como mamiferos,
tornam-se uma questao problematica, principalmente em termos bioéticos e pelo uso
racional de animais na experimentagao cientifica (Magda et al., 2012; Tralau et al.,
2012). Além disso, o nivel de complexidade do organismo adiciona ao estudo muitas
variaveis, tornando-se um problema nas primeiras fases da pesquisa. Como
solucdo, propbe-se a utilizacdo de um modelo alternativo para pesquisa, o
nematodeo Caenorhabditis elegans (C. elegans), o qual possui uma menor
complexidade e grande homologia genética com os humanos, nado possuindo
restricbes éticas (Au - Lee and Au - Kang, 2017). Possibilita ainda a avaliagcdo de
mecanismos através de animais mutantes e transgénicos, adicionando informacgdes
importantes a literatura (Porta-de-la-Riva et al., 2012). Ensaios de toxicidade em c.
elegans fornecem dados de um animal inteiro com sistemas digestivo, reprodutivo,
enddcrino, sensorial e neuromuscular integro e metabolicamente ativo, além de
apresentar LD 50 semelhante as descritas em roedores (Hunt, 2017). Permite a
determinacdo de multiplos parametros como os efeitos sobre as fungdes bioldgicas
do nematoide e outros usam marcadores moleculares, os parametros mais utilizados
para avaliar a toxicologia sao letalidade, crescimento, reproducdo e locomogéao
(Tejeda-Benitez and Olivero-Verbel, 2016).

De acordo com os estudos supracitados sdo necessarias avaliagcdes acerca
da toxicidade das formulagdes, visto que o principio ativo nunca é aplicado sozinho.
A avaliagao toxicologica para regulamentagdo deveria ser reajustada e analisada
como um todo para estabelecer a seguranga dos produtos formulados. Acerca disso
acreditamos que as formulagcbes a base de glifosato apresentem uma maior
toxicidade em relacdo ao principio ativo devido a maior quantidade de ingredientes
inertes presentes nessas formulagdes. Assim realizamos a avaliagao da toxicidade
de diferentes formulagées comerciais a base de glifosato, bem como deste principio
ativo sozinho e dos surfactantes, utilizando o nematoide de vida livre C. elegans

como organismo modelo.
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2. REVISAO BIBLIOGRAFICA

21. Glifosato

Descoberto em 1950 pelo quimico suigo Henri Martin, o glifosato (Figura 1) ou
[N-(fosfonometil)glicina] foi testado para diversos usos, mas sua atividade como
herbicida foi identificada apenas em 1970 pelo quimico da Monsanto Dr. John Franz
(Benbrook, 2016). Foi vendido pela primeira vez como produto formulado Roundup®
pela Monsanto em 1974 (Duke and Powles, 2008).

O O
M NCR
HO ~~"\"OH
OH

Figura 1. Estrutura quimica do glifosato. Fonte: (Negga et al., 2011).

Glifosato funde a 200°C, possui densidade aparente de 0,5 g/cm3 e se
apresenta bastante estavel em presenca de luz, inclusive em temperaturas
superiores a 60°C (Tomlin, 1994). Comercializado em forma de sal de
isopropilamina, sal de potassio e sal de aménio (Aquino Neto, 2009), e possui baixa
solubilidade do acido em agua (1,2% a 25°C) (Yamada and CASTRO, 2007), os sais
sdo mais soluveis e por isso preferidos para as formulagdes. O termo glifosato é
geralmente utilizado para indicar tanto o acido como seus sais, pois € reconhecido
que eles sao biologicamente equivalentes (Yamada and CASTRO, 2007). Os valores
de pK encontrados na literatura para o glifosato sao: pKy = 0,8; pKz = 2,16; pKs =
5,46; pK4 = 10,14. Tais constantes de dissociagao indicam o grau de dissociagao do
herbicida em fung¢ao do pH (Amarante Junior et al., 2002).

O (¢lifosato atua inibindo a enzima 5-enolpiruvilchiquimato-3-fosfato sintase
(EPSPS) das plantas (Figura 2), necessaria para a sintese de aminoacidos
aromaticos fenilalanina, tirosina e triptofano. A EPSPS também influencia em outros
processos, como a inibicdo da sintese de clorofila, estimulacdo da producido de

etileno e reducéo da sintese de proteinas (Galli et al.).
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Figura 2. Mecanismo de agao do glifosato em plantas. Fonte: adaptado (Annett
et al., 2014).

O ¢lifosato é indicado para o controle de ervas daninhas anuais e perenes,
em culturas de arroz irrigado, cana-de-agucar, café, citros, maca, milho, pastagens,
soja (plantio direto ou indireto), fumo, uva e soqueira em cana-de-aguicar. E indicado,
ainda, para as culturas de ameixa, banana, cacau, nectarina, péra, péssego,
seringueira e plantio direto do algodao (Amarante Junior et al., 2002).

A absorgao do glifosato ocorre através das folhas, variando de acordo com a
espécie. A difusdo € o modo mais provavel de transporte através da cuticula da
planta, pois como apresenta boas propriedades fisico-quimicas o glifosato pode se
translocar da folha através do floema (Duke and Powles, 2008).

A persisténcia do glifosato no solo varia substancialmente devido aos
processos de degradacdo e/ou adsorcdo (Locke et al., 2008). A meia-vida do
glifosato no solo varia entre dias a meses, dependendo dos teores de argila e
matéria organica e do nivel de atividade microbiana (Toni et al., 2006). Wauchope et
al. (1992), relatam que a meia-vida pode chegar a 174 dias, enquanto que Giesy et
al. (2000) relatam que a meia-vida do glifosato em solo varia de dois a 197 dias e do
metabdlito acido aminofosfénico (AMPA) de 76 a 240 dias. Com meia-vida maior no
solo, a deteccdo do AMPA no ambiente pode ser util para a detecgdo de glifosato
(Grunewald et al., 2001).

2.1.1. Toxicocinética
A exposi¢cao mais frequente das pessoas ao Glifosato ocorre pelo trabalho (pessoas

que usam este herbicida nas suas atividades), ingestado de alimentos contaminados,
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exposicao causada pela deriva e contato com o solo ou aguas de consumo e
recreacao (Cox, 1995).

O glifosato é degradado principalmente em AMPA (Duke and Powles, 2008).
O (¢lifosato sofre pouca biotransformagdo no organismo em mamiferos,
representando cerca de 0,5-1%, que € convertido em AMPA, pelo metabolismo das
bactérias do intestino (Oga et al., 2008). Apds doses orais e por via intravenosa em
ratos, foi verificado que a biodisponibilidade oral do glifosato é de 23,21%. O
glifosato é convertido em AMPA e as concentragcdes maximas de glifosato e AMPA
no plasma foram de 4.62 e 0.416 ug ml~", respectivamente (Anadon et al., 2009). Em
estudos farmacocinéticos de glifosato em macacos, 95% das doses administradas
via intravenosa foram recuperadas (Wester et al., 1991). Uma outra possivel via de
exposicao ao glifosato pode ocorrer por contato dérmico. Um estudo revelou que a
superficie de pele de animais e humanos in vitro indicaram uma absorcéo
percutdnea menor do que 2% (Wester et al., 1991). A inalagdo € uma via menor de
exposicao, mas a névoa de spray pode causar desconforto oral ou nasal, um gosto
desagradavel na boca, formigamento e irritagdo na garganta. A exposi¢cao dos olhos
pode levar a conjuntivite leve (Bradberry et al., 2004).

Como supracitado, o glifosato € pouco absorvido, ndo € metabolizado e é
excretado inalterado pelo organismo oferecendo pouca toxicidade em relagcdo a
biotransformacao e geracao de produtos mais toxicos ao nosso organismo (Joint,
2005). Aproximadamente (70-80)% da dose administrada é eliminada nas fezes e
(20-30)% na urina, sendo geralmente indetectavel na urina no segundo ou terceiro
dia de exposi¢ao (WHO, 1994).

O glifosato nao inibe a enzima acetilcolinesterase, apesar de ser classificado
como organofosforado (Larsen et al., 2016). Entre os efeitos agudos e crénicos em
seres humanos encontram-se dermatite de contato e sindrome téxica. Apds ingestéao
de altas doses, epigastralgia (ulceragdo ou lesdo de mucosa gastrica), hipertermia,
hipotensdo, conjuntivite, arritmias cardiacas, elevagdo de enzimas hepaticas,
acidose metabdlica e hipercalemia sdo alguns dos sintomas relatados (Amarante
Junior et al., 2002).

Apesar do principio ativo ser pouco metabolizado no organismo humano,
estudos associam o glifosato com o aparecimento e suscetibilidade de diferentes
patologias, desde efeitos sobre o sistema enddcrino (de Souza et al., 2017,
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Mesnage et al., 2017), aumento de pessoas com intoleréncia ao gluten (Samsel and
Seneff, 2013) incidéncia de doengas neurodegenerativas como Parkinson (Levy,
2013; Samsel and Seneff, 2015).

2.2. Formulagoes a base de glifosato
Os herbicidas a base de glifosato sdo geralmente comercializados sob formulagbes
comerciais (Mesnage et al., 2015) que possuem além do principio ativo, adjuvantes
a fim de amplificar sua eficacia (Cox, 1998; Hazen, 2000). No Brasil ha diversas
marcas comercias de herbicidas a base de glifosato, no presente trabalho duas
formulagdes foram utilizadas, Roundup Original DI (Figura 3) e Roundup WG ambas

fabricadas pela Monsanto.

Roundup
Original DI
Registrado no Ministério da Agricultura, Pecuaria e Abastecimento MAPA sob n2 00513

COMPOSICAO:
Sal de Di-amoénio de N-(phosphonomethyl)glycine

(GLIFOSATOQ) .. B ——- 7 L T L T
Equivalente ac:ldo de N (phosphonomethyl)glycme

(GLIFOSATOQ) .. SRR PRUTOTTRPRRTpp: 3 i § I « T B o ¥ g1 & 1 TAT
QOutros Ingred|entes ettt e e e s ee s an e nean s nessan senn s ansannnennneansanns seeee 1D QL (75,1% miv)
| GRUPG I HERBICIDA |

CONTEUDO: VIDE ROTULO.
CLASSE: Herbicida ndao seletivo de agéo sistémica do grupo quimico glicina substituida.

TIPO DE FORMULAGCAO: Concentrado soldvel (SL)

Figura 3. Rétulo Roundup Original DI
O Roundup Original DI é recomendado para o controle em pds-emergéncia de
plantas infestantes. Indicado para as culturas de algodao, arroz irrigado, café, cana-

de-agucar, citros, milho e soja.
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Roundup )
WG

Registrado no Ministério da Agricultura, Pecuaria e Abastecimento - MAPA sob n° 002094

COMPOSICAO:

Sal de Aménio de N-(phosphonomethyl)glycine

(GLIFOSATQ)... . weereeennnneeeeeneeneeenne e 192, 5 glkg (79,25% m/m)
Equivalente amdo de N (phosphonomethyl}glycme

(GLIFOSATQ)... et e et et snenn e ereeeteeeree s e ennnesnnnneensenneeeeesneeenee e 120, 0 GIKG (72,00% m/m)
Outros mgred|entes etetnteennnee it e et e e eneeesneaebeeanbesannnsannnnennnnennneennneenneeeneees 207, 5 /K (20,75% m/m)

PESO LiQUIDO: VIDE ROTULO.

CLASSE: Herbicida seletivo condicional, de ac&o sistémica, do grupo quimico glicina substituida.
TIPO DE FORMULAGAO: Granulado Dispersivel (WG).
Figura 4. Rétulo Roundup WG

O Roundup WG é recomendado para o controle em pods-emergéncia de plantas
infestantes. E indicado para as culturas de algoddo, ameixa, arroz, banana, cacau,
café, cana-de-agucar, citros, maca, milho, nectarina, pastagens, pera, péssego,
seringueira, soja, trigo e uva. Ambas as formulagdes sao de uso exclusivamente

agricola.

2.3. Ingredientes Inertes

Segundo o decreto que trata sobre os agrotoxicos tem-se que os aditivos sao
substancias ou produtos adicionados a agrotdxicos, componentes e afins, para
melhorar sua acéao, fungao, durabilidade, estabilidade e detecg¢ao ou para facilitar o
processo de producdo. Ja ingredientes inertes sdo substancias ou produtos nao
ativos em relagao a eficacia dos agrotoxicos e afins, usados apenas como veiculos,
diluentes ou para conferir caracteristicas proprias as formulagbes (Brasil, 2002). Nas
formulagcbes comerciais a base de glifosato, os surfactantes sdo geralmente citados
como os principais ingredientes inertes, seguidos por metais. Entretanto, tais
ingredientes citados como inertes tem sido associados com a toxicidade das
formulagcbées em relagao ao principio ativo sozinho (Mesnage et al., 2015).

Aminas de sebo polietoxilado, também conhecidas como aminas de

polioxietieno (POEAs ou POE), sdo uma classe de surfactantes nao
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iGnicos/catibnicos derivados do sebo. Sdo utilizados como adjuvantes em
formulacbes de herbicidas a base de glifosato para aumentar a cobertura e a
penetracdo do ingrediente ativo através de tecidos superficiais, aumentando a
acumulacgao de glifosato dentro da planta (Ross and Liao, 2015).

Cada molécula de POE consiste em uma cadeia de alquila e duas cadeias de
polietoxilato ligadas a um unico atomo de nitrogénio (Figura 3). A cadeia alquilica (R)
pode incluir ligagbes carbono-carbono insaturadas (C=C), uma vez que o material
fonte contém uma mistura de acidos graxos saturados e insaturados incluindo acido
estearico (C18:0), palmitico (C16:0) e acido oleico (C18: , w-9). Adicionalmente, as
duas cadeias de polietoxilato podem conter numeros iguais ou diferentes de grupos
etoxilado (EO).(Ross and Liao, 2015). O comprimento e diferentes distribuicbes das
cadeias etoxiladas varia em diferentes misturas técnicas e pode conferir
propriedades fisicas diferentes (Tush et al., 2013). Por exemplo, o uso de POEA em
formulacdes de glifosato pode alterar as caracteristicas de sor¢gdo/dessorgao do solo
em relacdo ao glifosato. Este efeito foi demonstrado em outros sistemas

surfactante/pesticida (Tush et al., 2013).

(CH,CH,0),H

R—N

\

(CH,CH,0)H
Figura 5. Estrutura quimica basica (POEA). Fonte:Ross and Liao (2015).

Diversas formulagdes a base de glifosato apresentam maior toxicidade que o
glifosato sozinho e, por isso, estudos vem atrelando aos POEA a toxicidade das
dessas formulagdes (Mesnage et al., 2013; Navarro and Martinez, 2014; Tsui and
Chu, 2003). Os fabricantes geralmente detém a composigdo de suas formulag¢des
como informagdo proprietaria e sigilosa, tornando dificil a determinagdo dos
componentes da formulagdo além do ingrediente ativo bem como também da

toxicidade destes.
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2.4. Caenorhabditis elegans

O Caenorhabditis elegans € um pequeno nematoide de vida livre, eucarioto,
multicelular, transparente, que se alimenta de bactérias (NGM- OP50) e é
encontrado em todo o mundo. As larvas recém eclodidas (L1) tém 0,25 mm e os
adultos 1 mm de comprimento, necessitando de estereomicroscépio para serem
observados. O C. elegans tem um ciclo de vida rapido (~ 20 dias a 20°C) e existe
principalmente como hermafrodita, embora machos surjam com uma frequéncia
<0,2%. Através da autofecundagao, um hermafrodita produz, aproximadamente, 300
descendentes. O hermafrodita gravido expele os ovos, o qual, apds a eclosao, passa
por quatro estagios larvais (L1, L2, L3 e L4) até chegar a fase adulta (Figura 6).
Através da observagdo com estereomicroscépio € possivel acompanhar os
movimentos, comportamento, desenvolvimento, acasalamento e postura de ovos
dos vermes em placas de Petri (Corsi et al., 2015).

Adubto(1110-1150 un

— (capacidade de lberar ovos
/‘"-» N — __‘ﬁ >

SRS A0 (88D
\ N
oves iberado na fase Gastrula

Adultos iovens 1* Cikagen 300 phatas)

000-940 um

Embrido /

EWarmAtias
Figura 6. — Ciclo de vida de C. elegans a 20 °C (Gava, 2013) adaptado de WormAtlas.

C. elegans é muito utilizado como um modelo experimental desde a década

de 60 com as pesquisas de Sydney Brenner, sendo hoje um dos organismos sobre o
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qual se tem maior conhecimento nivel molecular (Riddle et al., 1997). Sabe-se que
cerca de 60-80% dos genes humanos tém um ortélogo no genoma de C. elegans
(Kaletta and Hengartner, 2006) e 40% dos genes associados a doengas humanas
tém ortélogos claros no C. elegans (Culetto and Sattelle, 2000). Assim, muitas
descobertas em C. elegans tém relevancia para o estudo da saude e da doenca
humana (Corsi et al., 2015). Além disso, o corpo transparente, geragao facilitada de
cepas com mutagoes tipo delecdo em genes de interesse, e a existéncia de diversas
cepas transgénicas expressando a proteina verde fluorescente combinada a genes
promotores de proteinas de interesse, tornam o C.elegans um poderoso organismo
modelo, evidenciado seu grande potencial para toxicologia ambiental e humana
(Chalfie et al., 1994).

Neste sentido, este verme ja foi utilizado para avaliar a toxicidade de algumas
formulacdes a base de glifosato. Ja foram observadas estresse oxidativo (Kronberg
et al., 2018), neurodegeneracgéo (Negga et al., 2011) e disfungdo mitocondrial (Luz et
al.,, 2016). Esses achados demonstram a viabilidade do modelo para avaliar a

toxicidade de pesticidas, particularmente, o glifosato.
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3. Justificativa

O Brasil € um dos maiores consumidores de agrotéxicos do mundo, sendo o
herbicida glifosato o principio ativo mais vendido no pais em forma de varias
formulacbes. Essas formulagcbes apresentam, além do principio ativo, substancias
chamadas de ingredientes inertes as quais sdo utilizadas para melhorar suas
propriedades quimicas e fisicas, ampliando seu potencial de acdo, mas que nao
possuem atividade agroquimica. A avaliagdo toxicolégica para o registro dos
agrotéxicos leva em conta apenas testes com o principio ativo, negligenciando os
aditivos adicionados as formulacdes comercias. Estudos recentes demonstram que
as formulagbes comerciais de glifosato sdo mais tdéxicas que o principio ativo em si
(Mesnage et al., 2015; Tsui and Chu, 2003), podendo causar impacto ambiental e
ocupacional. Estudos que se dediquem a investigar a toxicidade das substancias
presentes nas formulagdes comerciais, buscando identificar os componentes que
aumentam a toxicidade do principio ativo e das formulacbes sdo necessarios para
preservagdao do meio ambiente e dos organismos nao alvo que sao expostos a estes

agrotéxicos, além de instigar a regulamentacdo meticulosa destes produtos.
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4. Objetivos
41. Geral
Avaliar a toxicidade de duas formulagdes a base de glifosato e de surfactantes
presentes nas formulagdes comerciais de glifosato e compara-las com o principio
ativo em Caenorhabditis elegans, a fim de estabelecer uma relagao causa x efeito da

presenca de surfactante nas formulacoes.

4.2. Especificos

1. Avaliar as diferengas entre as formulagdes em termos de toxicidade em C.
elegans (L4) ;

2. Investigar o envolvimento dos surfactantes POE na toxicidade de formulagdes
de glifosato;

3. Verificar se as formulagdes alteram o equilibrio oxidativo em C. elegans;

4. Verificar se as formulagdes afetam o metabolismo energético em c. elegans.

5. Relacionar a toxicidade da formulagdo comercial a base de glifosato com a

presenca de surfactantes.
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Abstract

Brazil is one of the largest consumers of pesticides in the world, the herbicide
glyphosate being the most sold active ingredient in the country in more than 40
commercial formulations. These formulations present in addition to the active
principle substances called inert ingredients which are used to improve their chemical
and physical properties, increasing their action potential, but which do not have
agrochemical activity. Discrimination of these substances is not on labels, making it
difficult to assess them. This work aimed to evaluate the toxicity of formulations
based on glyphosate Roundup® DI (liquid) (RDI) and Roundup® WG (granules)
(RWG), and of surfactants used as adjuvants in formulations of glyphosate,
polyoxyethylene amine (POEA) 05 and 15 as well as a mixture of active ingredient +
surfactants (MIX) in the body Caenorhabditis elegans in order to establish a cause-
effect relationship. The worms (L1) were exposed in liquid medium for 30 minutes at
different concentrations of the active ingredient (glyphosate in monoisopropylamine
salt), RDI, RWG, POEA 05 or POEA 15. The worms were then transferred to a solid
medium where the exposure continued for another 48 hours (chronic exposure). The
survival rate, body size, litter size, ROS production and ATP levels were evaluated
after 48h. The RWG formulation and POEA 15 showed no toxicity in the evaluated
parameters, whereas RDI and POEA 05 increased the mortality rate at
concentrations of 0.075 and 0.05%, respectively, causing changes in the
development of worms in a concentration dependent manner 0.04 and 0.06%
respectively. RDI formulations, POE 05 and 15 surfactants and MIX induced ROS
formation. When the animals were exposed to MIX there was no intensification of the
toxicity, indicating that RDI toxicity is not due solely to the presence of POEA 05
surfactant. The Roundup® DI formulation and POEA 05 surfactant were more toxic
than the active ingredient per indicating that the presence of inert ingredients
increases the toxicity of the formulations and therefore needs to be better studied
and better described on pesticide labels.

Keywords: C. elegans; Glyphosate; Roundup®; Inert Ingredients; POEA; Surfactants;
toxicity.



28

1. Introduction

Glyphosate is a broad-spectrum herbicide, currently with the highest
production volumes of all herbicides and active ingredient of more than 750 different
formulations (Guyton et al., 2015). According to the Brazilian Institute of Environment
and Renewable Natural Resources (IBAMA) data from 2017, 173,150.75 ton of this
herbicide have been purchased, accounting for 58.45% of all herbicides sales.
(IBAMA, 2018). The acceptable daily intake (ADI) is 0.042 mg/kg b.w. for glyphosate,
and the maximum allowed amounts of glyphosate and AMPA in drinking water is 500
Mg/l (Fiori et al., 2018), however the contamination of foods, soil and water has been
of current concern.

The herbicidal activity of glyphosate is rather based on its inhibition of the
shikimate pathway, which is present only in plants and micro-organisms and
therefore would confer low toxicity to mammals and to nontarget organisms
(Mesnage et al., 2015). On the other hand, many studies have found contradictions
to the above. The IARC reports state glyphosate as a possible human carcinogen
(Group 2A) (IARC, 2015), as, for instance, glyphosate induced human breast cancer
cells growth via estrogen receptors (Thongprakaisang et al., 2013). In several aquatic
organisms glyphosate-based formulations showed toxicity (Tsui and Chu, 2003),
likewise as observed in other models (Cauble and Wagner, 2005; Garcia-Espineira et
al., 2018; McVey et al., 2016; Rainio et al., 2019). The formulated products marketed
are complex mixtures which, in addition to the active ingredient, have other
components such as solvents, wetting agents, emulsifiers and additives in order to
increase the effectiveness of the active ingredient (HAZEN, 2000). These
components are usually named on the product labels as inert ingredients.

Toxicity assessment of the formulations is hampered by the lack of specific
information on which substances are added and at which concentrations. The active
ingredient information is required in the formulation label, but the inert ingredients
information is not compulsory (Cox and Surgan, 2006). The major toxicity of
glyphosate based- formulations has been attributed to adjuvants that are responsible
for their toxicity to nontarget organisms. According with Tsui and Chu (2003),
polyoxyethylene tallow amine (POEA) surfactants contributed more than 46% to
Roundup® toxicity in aquatic organisms. Several studies revealed the toxicity of
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surfactants (Giesy et al., 2000) added to the glyphosate based formulations in
various models, such as aquatic organisms (Tsui and Chu, 2003), frogs (Howe et al.,
2004), cell lines (Mesnage et al., 2013; Song et al., 2012) and rats (Adam et al.,
1997). Notably, the proportion glyphosate:surfactant in the Roundup formulations
varies according to the country in which the product is marketed, which is
aggravating (Cox and Surgan, 2006).

Considering that the use of herbicides is always through commercial
formulations with the omnipresence of surfactants, studies aiming at the biological
effects of the inert components are necessary for a better understanding and
evaluation of the risks generated by their use. However, toxicological studies in
higher animals, such as mammals, have become a problematic issue today, mainly in
bioethical terms. As a solution, the use of alternative models such as the nematode
Caenorhabditis elegans (C. elegans) have been validated. This worm has been used
as a useful tool in experimental toxicology due to the high degree (60-80%) of
homology with the human genome. Its easy maintenance, handling, fast life cycle,
short longevity (approximately 20 days), transparent body, facilitated generation of
deletion type mutations in genes of interest, the existence of several transgenic lines
expressing fluorescent green protein (GFP) makes C. elegans an experimental
model of great relevance in toxicology (Brenner, 1974). Notably, some studies have
shown that some glyphosate-based formulations can cause abnormal neuronal
morphology and mitochondrial inhibition in C.elegans (Burchfield et al., 2018; McVey
et al., 2016), however the relevance of the surfactants to these effects has not been
assessed in this animal.

Thus, the premise of this study was to evaluate the differential toxicity between
glyphosate (active ingredient) and two different formulations based on glyphosate, a
liquid (Roundup Original DI) and a granulated (Roundup WG) in the worm C.
elegans. Furthermore, we aimed to evaluate whether the toxicity is due to the

polyoxyethylene surfactant present in the liquid formulations.

2. Materials and Methods

Chemicals

The GBF Roundup® WG (79.25% of Active Ingredient) and Roundup®
Original DI (44.5% of Active Ingredient) were obtained from donations The isolated
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form of glyphosate (N-Phosphonomethyl glycine, monoisopropylamine salt solution)
(G salt) was obtained from Sigma-Aldrich. The stock solution concentration of GBF
was 1% (active ingredient) diluted in distilled water, same as that obtained for
glyphosate in monoisopropylamine salt solution (G salt). All treatment dilutions
started from 0.01%. The surfactants POEA (05) and POEA (15) tallow amine were

obtained from ChemService.

2.2. Maintenance of the Worms

C. elegans were obtained from Caenorhabitis Genetics Center, Minnesota,
USA and maintained in Petri dishes containing NGM (nematode growth media) with
E. coli OP50 and kept in incubators at 20 °C. The strains used were N2 (wild type)
and PE255 (sur-5p::Luciferase:: GFP [prol-6 (su1006)] X). The worms at the first

larval stage (L1) were obtained by a synchronization process (Brenner, 1974) .

2.3. Chronic Pesticides Treatments

After 14 hours of the synchronization process, freshly hatched larvae were
treated with different concentrations of GBFs or G salt. Concentrations were
calculated as a percentage of the active ingredient (0.010 to 0.2%). First, 1,500 L1
worms were exposed for 30 minutes in a liquid medium and then the whole treatment
was transferred to Petri dishes with NGM and E. coli OP50 (Jacques et al., 2017). All

the analyzes were performed after 48 h of exposure.

2.4. Chronic Surfactants and MIX Treatments

Hatched larvae (L1) were treated as described in item 2.3. with the surfactants
POEA 05 and 15. The concentrations were calculated as 15% relative to the active
ingredient concentration as this concentration is present in Roundup commercial
formulations (Giesy et al., 2000; Howe et al., 2004; Tush et al., 2013). We also tested
a mixture (MIX) of the active ingredient and POEA 05 surfactant in order to verify
toxicity when the surfactant and active ingredient were associated. The
concentrations used were 0.010, 0.050, 0.075, 0.1 and 0.2% active ingredient (G

salt) and the equivalent of 15% of these concentrations of POEA 05.

2.5. Survival Assay
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After the end of the 48 h exposure the survival rate was scored by using a
transparent grid beneath the NGM plate. 25 quadrants were analyzed under a
dissection microscope, where the live worms were differentiated from dead worms
(motionless and with no reaction to a platinum wire touch). At least three experiments

were carried out and the LC50 was calculated for each treatment.

2.6. Body Size

The body size of the worms was evaluated 48h after treatment. The worms
were transferred to microscope slides (with levamisole 236,3mg/mL) and photos
were obtained. These images were then analyzed using the ImagedJ software, where
head to tail length was measured using 5 worms per treatment group per experiment.
This measurement is used to verify whether the treatment affects the size and the

worms development.

2.7. Brood Size

After 48 hours of exposure, treated worms were individually transferred to a
NGM/OP50 plate. The transference of the PO worm was carried out daily during the
reproductive period. The brood size was measured as total larvae, monitoring the
worms every 24 hours during the fertile cycle. The assays were performed in

triplicates and at least three independent experiments were performed.

2.8. ROS Measurement

Synchronized N2 L1 worms (3,000) were treated chronically as described in
section 2.3. After 48h treatment, worms were collected to microtubes (0,5% NaCl
medium) and a fluorescent probe for reactive oxygen species (ROS) detection,
H2DCF-DA (2,7-dichlorofluorescein-diacetate, Sigma) was added (500 pM).
(Bornhorst et al., 2014). The worms were allowed to stir for 1h, in the dark, then
washed three times for dye removal and transferred to a 96-well plate. The
fluorescence intensity of each sample was measured (excitation: 485 nm; emission:
535 nm) using a plate reader (SpectraMax M5 microplate reader, Molecular
Devices®), read every 15 min for 1h. Delta arbitrary units of fluorescence were

obtained from the last and first readings. Data were normalized using protein
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(Bradford method). Results are expressed as AAUF/h/pug of protein. At least three

independent experiments were performed in duplicates.

2.9. ATP Levels

To evaluate the ATP levels, in vivo, we used a mutant strain, PE255 (sur-
5p::Luciferase:: GFP [prol-6 (su1006)] X) expressing a firefly luciferase, as described
previously, with some modifications (Luz et al., 2016). The luciferase enzyme present
in this strain reacts with luciferin and requires ATP for the reaction to take place. The
reaction product generates light that can be measured with a luminescence reader,
and the amount of light generated is proportional to the levels of ATP in worms. After
the treatments, 3000 L1 worms were transferred into a 96-well microplate, containing
M9 buffer. Then, 50 uL luminescence buffer (0.1 mM D-luciferin, 1% DMSO and
0.15% Triton-X, in M9) was added and the luminescence was measured for 15 min in
30” interval. Data were normalized using protein (Bradford method). Sodium azide
(250 mM), a known inhibitor of the electron transporter chain, was used as a positive
control, using a plate reader (SpectraMax M5 microplate reader, Molecular

Devices®).

2.10. Protein determination
The protein present in the sample was determined with method Bradford
(1976).

2.11. Statistical analysis

All experiments were done in duplicate and repeated at least 3 times. Data
were expressed as mean z standard error and Shapiro-Wilk normality test was
performed. Data were analyzed statistically by one-way ANOVA, followed by Tukey's

post-hoc test. All statistical analysis was performed with Graph Pad Prism 7 software.

3. Results

3.1. GBF Roundup® Original DI was more lethal than G salt

In order to evaluate the lethality of the Roundup® DI and WG formulations
versus the active ingredient we performed a dose response curve and scored the

survival rate. According to results depicted in Figure 1, GBF Roundup® DI was more
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lethal than Roundup® WG and the G salt with a LCsy 0,085%. We could not estimate
and LC50 for RWG and G salt.

3.2. GBF Roundup® Original DI induced decrease in worms length

To evaluate if GBFs and G salt could cause changes in the size of the worms,
and consequently in their development, we measured the length of the body of the
exposed and control worms. Worms treated with the Roundup® DI Formulation
(Figure 2) showed significant decrease in body length at concentrations of 0.040,
0.050, 0.075, 0.10, while worms treated with Roundup® WG formulation and the G

salt did not show any difference.

3.3. GBFs did not affect reproduction

As shown in figure 3, none of the concentrations had effect on brood size in
both GBFs and G salt. Even worms treated with in Roundup® DI concentrations that
depicted a delay in development of 2 days (Figure 3), reached the adult phase and

had a reproductive rate similar to the control animals.

3.4. GBFs change ROS levels but not ATP

Worms treated with Roundup® Original DI at 0.010 % depicted increased
ROS levels when compared with control or G salt- treated worms. Roundup® WG
exposure did not cause alterations in this parameter (Figure 8 A). In addition, none of

the treatments altered ATP levels (Figure 9 A).

3.5. Surfactant decreases the survival rate and length of the treated
worms

POEA 05 surfactant exposure significantly decreased C. elegans survival in
relation to the control group, whilst POEA 15 did not increase mortality rate (Figure
4). The same was observed in the worms size, where worms treated with POEA 05
from 0.05% showed significant decrease in body length while worms treated with
POEA 15 did not show any difference in their length (Figure 5). No alterations in
brood size were observed following surfactants treatments (Figure 6). In addition, an

increase in ROS levels were observed following exposure to POEA 05 (0.0075%)
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and POEA 15 (0.0015%) (Figure 8B), but no significant ATP levels changes were
verified (Figure 9B).

3.6. MIX does not change toxicological endpoints

When we combined POEA 05 and G salt at different concentrations, but
respecting the 15% proportion between of the surfactant in relation to the G salt,
worms did not present alterations in survival, body size, brood size and ATP levels
when compared to control group (Figures 7, 9C, respectively). The only alteration

that we have detected was a slight increase in ROS levels (Figure 9C).

4. Discussion

Discovered more than 50 years ago (Benbrook, 2016) and used as a herbicide
since 1974 (Duke and Powles, 2008), glyphosate is currently one of the most widely
used herbicides in the world, both for its effectiveness in controlling weeds as for its
low toxicity to mammals. However, toxicity tests take into account only the active
ingredient and not the formulated product leading to a gap in the reliability of such
tests, since the commercial formulations contain adjuvants which safety is not well
established (Hazen, 2000; Mesnage et al., 2015). In this way, our study
demonstrated that Roundup® DI (liquid form) is more toxic than Roundup® WG
(granulated form) and G salt in an in vivo model, the C. elegans. In addition, we
verified that surfactant POEA 05 has high toxicity and this toxic potential is greater
than POEA 15.

Lethality induced by Roundup DI was concentration-dependent (Figure 1 A),
whereas WG and G salt did not cause any alteration in this parameter (Figure 1B).
Similar findings were reported by Garcia-Espineira et al (2018) with Aspergillus
nidulans treated with 0.02 and 0.025% Roundup® (R450), which has about 100 mg/L
glyphosate and adjuvants (Nicolas et al., 2016). In addition, GBF treatment
significantly affected the survival rate of the beetle Leptinotarsa decemlineata larvae
exposed to Roundup® Bio, 1% (Rainio et al., 2019). Body length was also reduced
by Roundup® DI treatment, which indicates developmental delay (figure 2A), but the
G salt did not cause any changes in this endpoint. This finding is in agreement to a
study with Rana cascadae larvae in which development was affected by Roundup®

DI at 1 ppm, whereas the active ingredient did not cause any alteration (Cauble and
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Wagner, 2005). Similarly, tadpoles exposed to GBF Roundup® Original and
Roundup® Transorb were significantly smaller compared to animals exposed to
glyphosate salt and to the control animals. These effects may be caused, iat least in
part, by disruption of hormone signaling (Howe et al., 2004).

Glyphosate commercial formulation Roundup® DI induced ROS formation at
0.010% in C. elegans. Previous studies demonstrated that L4 worms treated with
Glifosato 1I® Atanor (4.8 mM) increased intracellular ROS production in about 3.4
times (Kronberg et al., 2018). Increase of stress response genes expression were
reported in worms treated with glyphosate commercial formulation Roundup® at
concentrations of 0.1, 1 and 10 uyM in C. elegans (Garcia-Espineira et al., 2018). In
another study authors have found an increase in hydrogen peroxide levels, but no
changes in the levels of superoxide and hydroxyl radical in worms chronically treated
with glyphosate-containing herbicide Touchdown® (TD) at concentrations of 3.0, 7.0
and 10% (Burchfield et al., 2018). In this way our study corroborates with findings
that some formulations based on glyphosate can alter the oxidative balance in C.
elegans. However, it seems that this oxidative stress did not affect the worms
mitochondrial function, as no changes in ATP levels were found in the groups treated
with the GBFs. On the other hand, one study demonstrated that C. elegans exposed
for 30 min at 3.0%, 7.0%, 10.0% glyphosate as TD exhibited mitochondrial inhibition
and ATP levels that were significantly reduced in exposed worms (Burchfield et al.,
2018).

We have found contrasting data in the literature on reproduction rate, as we
did not find any alteration in the GBFs treated worms. For instance, a treatment with
TD decreased offspring viability in C. elegans; however their experimental design
were acute and at higher concentrations than ours (McVey et al., 2016) Howe (2004)
observed metamorphs with abnormal gonads after exposures to both Roundup®
Original and Roundup® Transorb in North American frog species, and the
reproduction rate of the soil dwelling earthworms Aporrectodea caliginosa was
reduced by 56% within three months after herbicide application (Gaupp-Berghausen
et al.,, 2015). Furthermore, significant changes in reproductive hormones of rats
exposed to Roundup (3.6, 50.4 and 248.4 mg/kg bw/day) were found, as well

reductions in sperm count and motility were observed (Owagboriaye et al., 2017).
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As the formulations have other ingredients besides the glyphosate, we
evaluated the toxicity of two surfactants that are present in the Roundup®
formulations, POEA 05 and POEA 15 (Giesy et al., 2000). The POEA 15 did not
present toxicity, whereas POEA 05 altered the survival rate and decreased the body
size of the worms. These damaging effects of polyethoxylated surfactants are not
well reported and few studies in the literature demonstrate their ecotoxicological and
health impacts. For instance, the cellular toxicity of TN-20 surfactant (which is
present in some GBFs) was evidenced in mouse fibroblast-like cells, alveolar
epithelial cells, and a heart cell line (Song et al., 2012). The acute treatment of
aquatic macroinvertebrate Thamnocephalus platyurus exposed to three POEA
surfactants for 48h demonstrated that POEA 15 was more toxic than POEA 2 and
POEA 5 (Brausch and Smith, 2007).

Some evidence shows that surfactants can alter the fluidity of the lipid bilayer,
causing inactivation or removal of whole proteins causing a reduction of oxygen
transport through the membrane (Brausch and Smith, 2007). The numbers 5 or 15
indicate the composition of the POEA, more precisely with size of the ethoxylated
chain, where POEA 5 has a smaller ethoxylated chain than POEA 15. Of note, both
surfactants have a carbon chain derived of a mixture from palmitic, oleic and stearic
fatty acids (Tush et al., 2013). Therefore, our study indicates that different surfactants
can affect different organisms presents in soil and water and globally cause a
significant environmental impact.

After evaluating the formulations based on glyphosate and surfactants per se
and finding toxicological effects in worms exposed to Roundup® DI and POEA 05
surfactant, we questioned whether the association of the active principle with the
surfactant would potentiate the glyphosate toxicity. However, the MIX tests
demonstrated that treated worms did not present any signs of toxicity in the
endpoints evaluated. These results indicate that there may be an antagonism
between the substances and therefore the active ingredient neutralized the toxic
action observed in POEA 05-treated worms.

These data are similar to another study where it was found that the toxicity of
the glyphosate association with the surfactants was antagonistic. The toxicity of the
surfactant was significantly lower in the presence of 50 yM glyphosate compared to
that of the surfactant alone in fibroblast-like cells (Song et al., 2012). Possibly there
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are other unknown adjuvant substances in the commercial formulations that interact
with each other, leading to the toxicity observed in the commercial liquid formulation.
These findings emphasize the importance of knowledge about commercial
formulations. For instance, the association of POEA 05 surfactant with the active
ingredient was not able to cause the toxicity as we have found in the Roundup® DI,

indicating that other toxic substances may be present in these formulations.

5. Conclusion

This is the first study to report the toxicity of Roundup® Di formulation and
surfactant POEA in C.elegans, indicating that the liquid form has more toxicity than
the granulated one probably due to the inert ingredients composition. The mix (G salt
+ POEA 05) did not cause the same toxicity of the commercial formulation, indicating
that other inert substances may be present and their interaction are of great
toxicological relevance. This evidences the need of the knowledge regarding all the
substances and their quantities present in the formulations and their proper
description on the label. We suggest that regulatory agencies should apply a fine for

manufacturers that to not add such additional information.
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Figure 1. Survival rate. Worms exposed to different concentrations of commercial glyphosate
formulations, Roundup® DI (A), Roundup® WG (B) and G salt (C). Worms treated with commercial
glyphosate formulation Roundup DI decrease survival rate when compared to worms treated with G

salt. * indicates statistical significance in comparison with control group (untreated=100%) ***p <0.001;
****p < 0.0001. n=3.
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Figure 2. Body length. Worms exposed to different concentrations of Roundup® DI (A), Roundup®
WG (B) and G salt (C). Roundup® DI showed significant decreases in body length when compared to
control and G salt groups, whereas worms treated with Roundup WG did not show difference in the
body length in comparison with control group. Data were normalized to percentage of control). *
indicates statistical significance in comparison with control group (untreated=100%). **p < 0.01; ****p
<0.0001. n= 3.
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Figure 3. Brood size. Worms exposed to Roundup® DI (A), Roundup® WG (B) and G salt (C) did not
present statistical significance in brood size when compared to control. n= 3.
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Figure 4. Survival rate. Worms exposed to different concentrations of surfactant POEA 05 (A) and
POEA 15 (B). Worms treated with POEA 05 depicted decreased survival rate when compared to

control group. * indicates statistical significance in comparison with control group (untreated=100%)
**p<0.01; ***p <0.001. n=3.



42

A
150 A
°
=
c
] -
-
(o]
< T - _ T :
£ 50" - - T
o
< kil
o
-

AN o 6 o ° o ) > Q Q ) Q
& g°\ QQ'\ N g"\ 9\ 9q. QQ N © N Qf\
o8 ° o N Q N N N N N
<o
% POEA 05
B
150
°
=
c
) -
T T T
“—
o
X
£ 501
o
c
)
-
0 T T T T
AS \ \ Q \ ) ) N Q N ) o
«° QQ'\ QQ'\ S Q,\\ 9\ NS 9'5 N 9% N o N
& Q o Q o N N N N N N
(<)
% POEA 15

Figure 5. Body length. Worms exposed to different concentrations of surfactant POEA 05 (A) and
POEA 15 (B). Worms treated with POEA 05 showed significant decreases in body length when
compared to control, whereas worms treated with POEA 15 did not show difference in their body
length in comparison with control group. Data were normalized to percentage of control). * indicates
statistical significance in comparison with control group (untreated=100%).*p<0.05; **p < 0.01. n= 3.
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Figure 6. Brood size. Worms exposed to commercial surfactants POE 05 (A) and POEA 15 (B) did
not present statistical significance in the brood size when compared to control group n= 3.
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Figure 7. Survival, length and brood size. Worms exposed to MIX did not present statistical
changes in survival (A), body length (B) and brood size (C) when compared to control group.

Untreated =100%, n=3.
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6. Conclusoes

No presente trabalho a utilizagdo do modelo alternativo C. elegans mostrou-se

fundamental para a avaliacdo da toxicidade das diferentes formulagdes comerciais a

base de glifosato.

Foi demonstrada uma maior toxicidade da formulagdo Roundup Original DI, onde
houve alteragdo no desenvolvimento dos vermes e aumento da letalidade,
enquanto que a formulagdo Roundup WG n&o apresentou toxicidade nos
parametros observados.

O surfactante POEA 05 apresentou toxicidade em C. elegans

A formulacdo Roundup DI aumentou a produgao de ROS.

As formulag¢des ndo afetaram o metabolismo energético.

No MIX o surfactante nao alterou a toxicidade do principio ativo, mostrando que

outras substancias estam envolvidas na toxicidade da formulagdo Roundup® DI.
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7. Perspectivas
As formulagbes sdo complexas misturas que possuem o ingrediente ativo e
aditivos para uma maior eficacia. Como perspectiva, devemos investigar a toxicidade
testando um MIX com os dois surfactantes e o principio ativo, analisar os niveis de
enzimas antioxidantes, avaliar o comportamento atrelado com a analise da
morfologia de neurdnios. A fim de encontrar correlagbdes entre os compostos
testados e avaliar qual componente é responsavel pelos efeitos observados, ou se

isso é determinado por outros ingredientes inertes.
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