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Q-“‘W; BIOENSAIOS

- Preveem o comportamento da substancia
sobre 0s organismos Vvivos

- Efeito interativo entre contaminantes

- Toxicidade de subprodutos gerados




. BIOENSAIOS

* Procariontes:

e Salmonella
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* Vibrio fischeri

e Eucariontes:

* Vegetais (Allium cepa, Tradescantia, Vicia faba)
* Animais '

e Invertebrados (planaria, Daphnia, hidras)

* Vertebrados (peixes, anfibios, répteis,
mamiferos)

e Cultura de células
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e Morte de individuos .
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. PARAMETROS AVALIADOS

e Alteracoes morfoldgicas
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e Alteracoes no DNA

- Genotoxicidade: danos ao material genético
da célula ou organismo exposto;

- Mutagenicidade: surgimento de mutacoes
devido a danos no material
geneético.




. ORGANISMO-TESTE
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Allium cepa (0 i

1 Baixo custo e facil manuseio

) Alta sensibilidade 8‘ “ “ 88

0 sensibilidade de 76% para a avaliacao de 148
guimicos pelo teste de Allium (GRANT, 1982)

0 praticamente a mesma de sistemas-teste de
algas e de linfocitos humanos (FISKESJO, 1985)

) Boa correlacao com outros sistemas testes
182% com o teste de carcinogenicidade em
roedores e mais sensivel que os testes de Ames

(RANK e NIELSEN, 1994)




. ORGANISMO-TESTE

Allium cepa

) Avalia os efeitos de diferentes contaminantes
(substancias puras, misturas, amostras
ambientais, etc);

] Exposicao direta a amostra ou ao quimico

- Sem necessidade de métodos de extracao e
concentracao

£ 0 Presencga de sistema de ativagao metabalica

! - 0 Avalia diferentes parametros

mecanismo de acao



REALIZAGCAO DO ENSAIO DE ABERRAGOES CROMOSSOMICAS E DO
TESTE DO MICRONUCLEO EM Allium cepa

@

SEMENTES

Allium cepa

Animacao: Roberto, M.M. ;: LEME, D.M. (2007)




ORGANISMO-TESTE
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Ecotoxicology and Environmental Safety 72 (2009) 1680-1686

(

Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

journal homepage: www.elsevier.com/locate/ecoenv

Origin of nuclear and chromosomal alterations derived from the action of an
aneugenic agent—Trifluralin herbicide

Thais Cristina Casimiro Fernandes, Dania Elisa Christofoletti Mazzeo, Maria Aparecida Marin-Morales *

Sao Paulo State University, Av. 24 A, 1515, Bela Vista, CEP 13506-900 Rio Claro, SP, Brazil




| EXEMPLO

Agrotoxico testado:

l

4

_ 4 |* 3,34 mg/L
Trisan
== | (campo)
o | 1,67 mg/L
eza |© 0,84 mg/L
e 0,42 mg/L

Trifluralina

(445 g/L)

Grupo quimico:
Dinitroanilina
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Tratamento:

Germinacao:
Agua ultrapura
(1 cm)

Exposicao:
24 h
(trifluralina)

|

Coleta e fixacao
(metade)

Recuperacao:
48 h
(agua ultrapura)

|

Coleta e fixacao
(restante)
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Resultados:

Cells in division (%)

40

EXEMPLO

35

@ 24h treatment O48h post-treatment

30
25 1
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Control

0.42mg/L 0.84 mg/

-
wr -

.

1.67 mg/L

3.34 mg/L

5

Concentration of the trifluralin herbicide
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o

Resultados:
5
[ 24h treatment [0 48h post-treatment

4 : S

= 3 f -

2 |

s 2

L4 ] -

E 1

5 o .

< 1 Control 042mg/L.  084mg/l 1.67mglL 3.34rrpﬂ
2

Concentration of the trifluralin herbicide

Fig. 3. Total frequency of aberrant cells for all tested concentrations of the
trifluralin herbicide after 24h trifluralin treatment and 48 h recovery post-
treatment. *Significant p<=0.05 (compared to the control). +Significant p<0.05
(24 h treatment versus 48 h recovery post-treatment).
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Resultados:
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Environ Sci Pollut Res (2015} 22:9796- 9806
D0y 100 LT s 11 356-015-4134-2

RESEARCH ARTICLE

Genotoxicity evaluation of environmental pollutants
using analysis of nucleolar alterations

Damnia Elisa Christofoletti Mazzeo - Maria Aparecida Marin-Morales

- Bandamentos cromossomicos

Fornecem informacoes qualitativas sobre a composicao do DNA.
Ex. RON (AgNO,)
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Cultura de células

4

- Linhagem homogénea

) Resultados semelhantes com o de
animais
-1 Nao ha necessidade de sacrificio de
animais

O Tempo e custo reduzidos, mais
réplicas

] Estocagem em nitrogénio liquido



=
Agarose LMP
\_/
Células tratadas
Amostra

Colheita e

fixacao das
Exposicao células Viabilidade
(3 a 24h) celular
Software Comet Assay IV
(momento da cauda de Olive e
intensidade da cauda) Lamina com agarose

(triplicata)

5&;

Coloracao: Gel Red
Microscopio de Fluorescéncia Neutralizacao Tampao alcalino Sol. Lise (1h)
300 nucleiodes/tratamento  (pH 7) e fixacao pH>12







Amostra

Colheita e
Incubacao 37 °C fixacao das
(3 a 24h) (30 h) 5% CO, células

— Sy

e =
& @ m < -

Genotoxicidade - 6000 Coloracao
células/tratamento ; com Giemsa

IPBC - 3000 células/tratamento




., TESTE DO MICRONUCLEO
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bBroteeacoboey amnd Environmental Sateny 120 (2015] 1544 -183

Contents lists available at Scienceblirect

Ecotoxicology and Environmental Safety

HH journal homapage: www.elsevier.com/locate/ecoanv

Toxicogenetic effects of low concentrations of the pesticides imida- (!)um_m,k
cloprid and sulfentrazone individually and in combination in
in vitro tests with HepG2 cells and Salmonella typhimurium

Jaqueline Bianchi, Diogo Cavalcanti Cabral-de-Mello, Maria Aparecida Marin-Morales *

Depanment of Blology, Instfuce of Biosclences, S8o0 Pouls State University (DINESPL Av. 244, 1515, Bela Visto, Kie Claro, Sie Paulo CEP [3508-000, Brozil
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Agrotoxicos testados:

NE
|

-]

. 0,06 g/L
— '« 0,006 g/L
* 0,0006 g/L

—

MPLO

. 0,036 g/L
<« 0,0036 g/L
» 0,00036 g/L

—

Sulfentrazona
(500 g/L)

Imidacloprida
(480 g/L)

Misturas

Herbicida

Triazolinona

Inseticida
Neonicotinoide




N RESULTADOS

! Results of the comet assay with HepG2 cells, after exposure for 24 h to the different
4 concentrations of the insecticide imidacloprid, herbicide sulfentrazone and to the
mixture of these two pesticides.

Number of cells analyzed Score’ (mean + sd)
imidacloprid
NC 670 24+47
0,036 gfL G631 33435
00036 /L 672 91+54
000036 g/L 662 11.0+ 123
PC-MNMS 637 1743 + 296
Sulfentrazone
NC 604 11.5 4+ 5.7
006 =L 605 16.0+ 62
0006 gL 014 162+73
00006 g/L 603 13.6+3.9
PC-MMS G000 211.8 + 84
Mixture
MC 605 1.7+ 1.8
M1 607 146+4.7
M2 615 19.8 + 8.1
M3 614 254434
PC-MMS5 B01 2528+ 189

M1: mixiure of the herbicide sulfentrazone (006 g/L) with the insecticide imida-
cloprid (0.036 g/L); M2: mixture of the herbicide sulfentrazone (0.006 g/L) with the
insecticide imidacloprid (0.0036 g/L): M3: mixture of the herbicide sulfentrazone
(0.0006 g/L) with the insecticide imidacloprid (0.00036 g/L}.

4 Scare: { percentage of cells in class 0 « 0)+[percentage of cells in class 1= 1)+
[percentage of cells in class 2 = 2) +{percentage of cells in class 3 = 3).

" Statistically significant (p < 0.05).




N RESULTADOS

! Results of the comet assay with HepG2 cells, after exposure for 24 h to the different
4 concentrations of the insecticide imidacloprid, herbicide sulfentrazone and to the
mixture of these two pesticides.

Number of cells analyzed Score’ (mean + sd)
imidacloprid
NC 670 24+47
0.036 g/L 631 33435
0.0036 g/L 672 9.1 +54
000036 g/L 662 11.0+123
PC-MMS 637 1743 + 296
Sulfentrazone
MNC 604 11.5 4+ 5.7
006 g/L 605 16.0+ 6.2
0006 g/L 614 162 +73
00006 g/L 603 13.6+3.9
PC-MMS GO0 2118+ 84
Mixture
MNC 605 1.7 4+ 1.8
M1 607 146 +4.7
M2 615 198 + 8.1
M3 614 254+34
PC-MMS 601 2528+ 189

M1: mixiure of the herbicide sulfentrazone (006 g/L) with the insecticide imida-
cloprid (0.036 g/L); M2: mixture of the herbicide sulfentrazone (0.006 g/L) with the
insecticide imidacloprid (0.0036 g/L): M3: mixture of the herbicide sulfentrazone
(0.0006 g/L) with the insecticide imidacloprid (0.00036 g/L}.

4 Scare: { percentage of cells in class 0 « 0)+[percentage of cells in class 1= 1)+
[percentage of cells in class 2 = 2) +{percentage of cells in class 3 = 3).

" Statistically significant (p < 0.05).




RESULTADOS

Results of the MN test with the HepG2 cells exposed for 24 h to the three different
concentrations of the insecticide imidacloprid, herbicide sulfentrazone and to the
mixture of these two pesticides.

——#
Treatments Concentrations Total of analyzed cells Mean + sd
MNC - 6032 09.00 + 1.26
Imidacloprid 0.036 gL 6029 33.16 +5.71
0.0036 g/l 6036 30.33 + 891
0.00036 g/L 6014 4483 +15.11
PC [MMS) 4x107*M 6049 53.16 + 14.27
MNC - 6010 19.00 + 316
Sulfentrazone 0.06 g/l 6032 26.16 + 4.57
0.006 g/L 6020 3767+ 755
0.0006 gL 6025 40.50 + 9.41
PC (MMS) 4107 * M o024 58.66 +5.75
MNC - 6013 16.50 + 327
Mixture M1 6029 23.00+ 698
M2 6031 1917 +3.30
M3 6022 28.50+ 15.37
PC [MMS) 4510~ M 6036 7833+ 15.15

M1: mixture of the herbicide sulfentrazone [0.06 g/L) with the insecticide imida-
cloprid (0.036 g/L); M2: mixture of the herbicide sulfentrazone (0.006 g/L) with the
insecticide imidacloprid {0.0036 g/L); M3: mixture of the herbicide sulfentrazone
(0.0006 g/L) with the insecticide imidacloprid {0.00036 g/L).

* Staustically significant (p = 0.05),

" Statistically significant {p =< 0.001).



RESULTADOS

Results of the MN test with the HepG2 cells exposed for 24 h to the three different
concentrations of the insecticide imidacloprid, herbicide sulfentrazone and to the
mixture of these two pesticides.

——#
Treatments Concentrations Total of analyzed cells Mean + sd
MNC - 6032 09.00 + 1.26
Imidacloprid 0.036 gL 6029 33.16+5.71
0.0036 g/l 6036 30.33 + 8.01
0.00036 g/L 6014 4483 + 1511
PC [MMS) 4x107*M 6049 53.16 + 1427
MNC - 6010 19.00 + 316
Sulfentrazone 0.06 g/l 6032 26.16 + 4.57
0.006 g/L 6020 3767 +755
0.0006 gL 6025 40.50 + 9.41
PC (MMS) 4107 * M o024 5866 +575
MNC - 6013 16.50 + 327
Mixture M1 6029 23.00+ 698
M2 6031 1917 +3.30
M3 6022 28.50+ 15.37
PC [MMS) 4510~ M 6036 7833+ 15.15

M1: mixture of the herbicide sulfentrazone [0.06 g/L) with the insecticide imida-
cloprid (0.036 g/L); M2: mixture of the herbicide sulfentrazone (0.006 g/L) with the
insecticide imidacloprid {0.0036 g/L); M3: mixture of the herbicide sulfentrazone
(0.0006 g/L) with the insecticide imidacloprid {0.00036 g/L).

* Staustically significant (p = 0.05),

" Statistically significant {p =< 0.001).



RESULTADOS

Results of the MN test with the HepG2 cells exposed for 24 h to the three different
concentrations of the insecticide imidacloprid, herbicide sulfentrazone and to the
mixture of these two pesticides.

——#
Treatments Concentrations Total of analyzed cells Mean + sd
MNC - 6032 09.00 + 1.26
Imidacloprid 0.036 gL 6029 33.16+5.71
0.0036 g/l 6036 30.33 + 8.01
0.00036 g/L 6014 4483 + 1511
PC [MMS) 4x107*M 6049 53.16 + 1427
MNC - 6010 19.00 + 316
Sulfentrazone 0.06 g/l 6032 26.16 + 4.57
0.006 g/L 6020 3767+ 755
0.0006 gL 6025 40.50 + 9.41
PC (MMS) 4107 * M o024 58.66 +5.75
MNC - 6013 16.50 + 327
Mixture M1 6029 23.00 +6.98
M2 6031 19.17 +3.30
M3 6022 28.50 + 15.37
PC [MMS) 4510~ M 6036 7833+ 15.15

M1: mixture of the herbicide sulfentrazone [0.06 g/L) with the insecticide imida-
cloprid (0.036 g/L); M2: mixture of the herbicide sulfentrazone (0.006 g/L) with the
insecticide imidacloprid {0.0036 g/L); M3: mixture of the herbicide sulfentrazone
(0.0006 g/L) with the insecticide imidacloprid {0.00036 g/L).

* Staustically significant (p = 0.05),

" Statistically significant {p =< 0.001).
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Fig. 3. Hep(G2 cell treated with the herbicide sulfentrazone, submitted to the FISH rechmique: [ A, and B, ) binucleated cells with one micronucleus (arrow ) stained with DAPL;
[A- and B.) location of the centromeres of the chromosomes labelled with rhodamine (red points):; [(As) overlay of the images A; and A. showing the location of the
centromere within the MN (ammow: indicative of aneugenicity); (Bs} overlapping of the images B, and B: showing absence of centromere within the MM (indicative of
clastogenicity ). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article, )




Q\\ﬁ; RESULTADOS

Results of the fluorescent in situ hybridization with centromeric probe in HepG2
cells exposed to insecticide imidacloprid, herbicide sulfenrazone and the mixture of
these two pesticides.

Number of mi- Number Number % MNC+ % MNC-—

cronucleated cells of MNC+ of MNC-—

analyzed
Imidacloprid 50 12 38 24 76
Sulfentrazone 50 24 26 48 52
Mixture 50 26 24 52 48

MNC +: micronucleus showing centromere signal. MNC — : micronucleus without
centromere signal.
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Ensaio com leveduras recombinantes

] Sitios de ligacdo para poluentes especificos
] Alteradores enddécrinos

. Gene reporter = lacZ

J Quantificacao = B-galactosidase +

substrato fluorescente
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3 SISTEMA-TESTE

Bt

RECEPTORES NUCLEARES
HORMONAIS
Estrogenic Androgenic
Retinoic-like  Thyroid
Glucocorticoid
Mineralocorticoid

Vitamin D Progestins



SISTEMA-TESTE

H,C  OH

]. Bisphenol Alkylphenols

17 p-estradiol (E2)

Bisphenol A (BPA) 4-n-Nonyphenol (4NP) 4-n-Octylphenol (OF)

Phthalates

estrogen Protein H,
B B Translation /\)Kn /\)KA/\/\ /\)I\,\/\C\/\

Anthracene (ANT) Phenanthrene (PHE) Chrysene (CHR) Benzo[a]pyrene (B[a]P)

/Agrochemicals

mRNA cl cl cl
cl cl
Cl clo.cl cl Cl cl el
AG&CA ACAeGA ? : Cl
Cl | Cl Cl ~O ol

HRE gene £

Aldrin Dichlorodiphenyltrichloroethane Hexachlorobenzene (BHC) Methoxychlor

Nucleus |

i I3
Diethyl phthalate (DEP) Diisobutyl phthalate (DiBP) Dibutyl phthalate (DnBP) Di (2-ethylhexyl) phthalate (DEHP)
Polycyclic Aromatic Hydrocarbons
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Ensaio com leveduras recombinantes

L

&

.\t\"‘\'\l\ B-galactosidase
™ enzyme

ﬁ vertebrate nuclear hormone receptors: Estrogen receptor (estrogenic activity) or Aryl hidrocarbon receptor
(dioxin-like activity)

Enzimatic Reaction

.+A—>

B-galactosidase
enzyme

Substrate
MUGal



SISTEMA-TESTE
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Ensaio com leveduras recombinantes

2500000
2000000
1500000

:
%
:

500000

1000000 +

B-galactosidase

Ptk

uuuuuuuuuuuuu

uuuuuuuuuuu

28:48.0

»

Activitat enzimatica

F000

&000
a0oa
4000
a0on
2000
1000

1]

Corba dosi-resposta

oooL o001 01 1 10 100 1000 10000 100000

Concentracid de lligand




e EXEMPLO
B —

%‘2& sustainability ‘MDPI
P
Article

Endocrine Disruption, Cytotoxicity and Genotoxicity of an
Organophosphorus Insecticide

Afifa Belaid !, Nosra Methneni !, Emna Nasri !, Sarra Bechir !, Roel Anthonissen Z, Luc Verschaeve 2,

Véronique Le Tilly °, Vincenzo Lo Turco 41, Giuseppa Di Bella *, Hedi Ben Mansour *{
and Nezar H. Khdary >*

1 Research Unit of Analysis and Process Applied to the Environment, Higher Institute of Applied Sciences
and Technology, Mahdia 5100, Tunisia; afifa. belaid@gmail.com (A.B.); methneninosra28@gmail.com (N.M.);
emmna.nasri@gmail.com (E.N.); sarra.bchir@yahoo.fr (5.8.)

Scientific Direction Chemical and Physical Health Risks, Sciensano, 1050 Brussels, Belgium;

Roel Anthonissen@sciensano.be (R.A); Luc.Verschaeve@sciensano.be (L.V.)

3 IRDL FRE CNRS 3744, Université Bretagne Sud, 56100 Lorient, France; veronique.le-tilly@univ-ubs.fr
BioMorf Department, University of Messina, 98168 Messina, Itﬂl}-‘: vincenzo.loturco@unime.it (V.L.T.);

]

giuseppa.dibella@unime.it (G.D.B.)
*  King Abdulaziz City for Science and Technology (KACST), Riyadh 11442, Saudi Arabia
* Correspondence: hdbenmansour@gmail.com (H.B.M.); nkhdary@kacst.edu.sa (N.H.K.)
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Agrotoxico testado:

e 5g/L

e 25¢g/L
1,25 g/L
(residuais)

Fenitrotiona

Inseticida
Grupo quimico: O

Organofosforado




Relative estrogenic activity %

40 }

Cad
L=

P
o
T

il
L=
T

=

EXEMPLO

4.5 9 18

[Fenitrothion] mmol.C’

18 mmol/L =1,35 x 10-°
mol/L de estradiol (E2)
equivalente — 32%
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