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ABSTRACT

Neonicotinoids are widely applied pesticides dughir higher affinity for
insect nicotinic acetylcholine receptors. These poumds are extensively applied to
control pest insects in different agricultural sppowever they can also affect non-
target organisms (humans or biota). Still a limitesnber of studies are referring to
neonicotinoids in terms of potential hazard for dwditive/cumulative effects on
human health and to toxic effects of their transf@tion products on aquatic non-
target organisms.

In the scientific literature, data on the effectdMl, its agricultural products
and its transformation products are not sufficiddtie to this fact during this
research we wanted to test the toxic effect of awvlidprid-IMI (as pure compound or
commercial formulation Confidor 200SL) and its famansformation products (6-
chloronicotinic acid-6CNA, desnitro-IMI, olefin-IMand 5-hydroxy-IMI) applying a
battery of acutan vivo andin vitro bioassaysin vivo assays included as model
organisms: luminescent bactenébrio fischeri green microalgadesmodesmus
subspicatusand amphipod crustaceg&®ammarus fossarumwhile in vitro assays
involved bacterigsalmonella typhimuriurand sensory neuronal F11 cell line.

In this work we studied the effects of IMI (1-40001; 0.25-1022.4 mg )
on F11 cell line applying a battery of measuredchpeaters. IMI showed significant
cytotoxic effects in F11 cells only at concentratidhigher than 1000M (255.6 mg
LY, confirming its overall low toxicity. More evidemeduction of cell survival was
in presence of Confidor 200SL, desnitro-IMI, 5-hyxly-IMI and olefin-IMI
compared to pure compound alone. F11 cells exptwed4 h to IMI (4000uM,;
1022.4 mg [Y) increased the presence of picnotic nuclei, loggdedma membrane
integrity and showed strong degradation of cytastosl elements. After 48 h, IMI
induced a drastic re-organisation of the cytoskelétading to nuclear condensation.
F11 cells exposed to IMI (40QfM; 1022.4 mg [) showed early activation of p38-
and ERK-mediated intracellular pathways after 3@,msignificantly increased lipid
peroxidation after 24 and 48 h exposure and slag# of mitochondrial activity after
15 min at same concentration. Inhibitors of p38aemenly moderately sufficient to
block IMI cytotoxicity, while anti-oxidant compousduch as vitamin C and E were

more protective. These data indicate that oxidasivess induction has a potential
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crucial role by which IMI exerts its toxic effecta neuronal cells and suggest
caution in potential long-term sensitisation of ipkeral sensory neurons even at
sub-threshold doses. Results relative to possibiagenic impact of IMI, Confidor
200SL and 6CNA tested with. typhimuriunreverse mutation test did not cause any
mutations.

In case ofin vivo tested models, oxidative stress responses and/ibahal
changes after 24 h in the crustacean amph@podssarunwere investigated as well
as the growth rate in freshwater aldaesubspicatusfter 96 h exposure to IMI, its
commercial formulation Confidor 200SL and its tr@mshation product 6CNA.
Algal growth has shown significant sensitivity t@r@idor 200SL and 6CNA acid
when compared to IMI. In the case of amphipods, tmses of IMI (102.21g L™
were sufficient to induce lipid peroxidation, whilmmnfidor 200SL induced increased
catalase activity (511.3g L) and peroxidation (255.6g L™). 6CNA altered
significantly only antioxidant mechanisms (catalasetivity) without changing
peroxidation levels. Furthermore, toxicity testimigagueous solutions for three IMI
transformation products (5-hydroxy-IMI, desnitrodiIMand olefin-IMI) was
performed with the luminescent bacteria. Differ¢okic levels of luminescent
inhibition were demonstrated also for the IMI protfutested oW . fischeri

Given the very different responses of organismde&ied compounds, it
would be reasonable to extend the research nottordgtect other effects, but also
to implement safer use and more efficient remoVakse study measurements of
different biological effects and responses areflétp understand the mechanism of
IMI or its transformation products-induced oxidativstress. Obtained data
demonstrate potential harmful effects of neoniamtirbased pesticides on non-target
organisms. In general, toxicity testing of pes&sdshould be performed on models
at different levels of biological organisation igtated with a multi-biomarker
approach providing a complete functional ‘picturahd better comparison of

obtained data.
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POVZETEK

Neonikotinoidi se pogosto uporabljajo kot pesticitiradi njihove visoke
afinitete vezave na nikotinske holinenge (ali acetilholinske) receptorje Zuzelk.
Neonikotinoidi se pretezno uporabljajo za zatirangektov na raztnih kmetijskih
pridelkih, zal pa lahko vplivajo tudi na netae organizme (ljudi, druga ziva bitja).
Omejeno Stevilo Studij sicer obravnava neonikotieokot potencialno nevarne v
smislu aditivnih/kumulativnih ¢inkov na zdravje ljudi in strupeniktumkov njihovih
produktov pretvorbe (npr. intermediatov, vmesniloduktov) na netg&ne vodne
organizme.

V znanstveni literaturi podatkov o ¢iakih IMI, njegovih kmetijskih
pripravkov ter produktih pretvorbe ni dovolj. Zasmo v sklopu naSih raziskav
prewevali winke imidakloprida (IMI), komercialnega pripravkanfidor 200SL ter
Stirih produktov pretvorbe (6-kloronikotinska kishi-6CNA, deznitro-IMI, olefin-
IMI in 5-hidroksi-IMI) z uporabo raztinih akutnihin vivo kot tudi n vitro bioloSkih
preskusov.In vivo preskuse smo izvedli z naslednjimi modelnimi orgaomi
luminescetnimi bakterijami Vibrio fischeri zelenimi algami Desmodesmus
subspicatuster raki postranicamiGammarus fossarummedtem ko san vitro
bioloSki preskusi vkljgevali bakterije Salmonella typhimuriumter senzorske
nevronske celice F11 .

Za ugotavljanje &nkov IMl-ja (1-4000 uM; 0.25-1022.4 mg £) smo
uporabili F11 celino linijo, pri kateri smo merili serijo razhih parametrov.
Rezultati so pokazali citotoksie &inke le pri koncentracijah IMI, viSjih od 1000
uM (255.6 mg LY), s ¢imer smo potrdili njegovo poznano nizko taksbst.
OpaznejSe zmanjSanje prezivetja celic smo zabelegrisotnosti Confidorja 200SL,
deznitro-IMI-ja, 5-hidroksi-IMI-ja ter olefin-IMI-a v primerjavi z imidaklopridom.
Ko smo F11 celice izpostavili IMI-ju za 24 ur (400M; 1022.4 mg %) je prislo do
porasta piknotinih jeder, izgube integritete plazemske membrane ztetnega
propada citoskeletnih elementov. Po 48 h je IMluiical intenzivno reorganizacijo
citoskeleta v smeri kondenzacije jeder. F11 celizgostavljene IMI-ju (400QuM;
1022.4 mg [) so po 30 min izkazovale zgodnjo aktivacijo p38 ERK
intracelularnih poti, po 24 in 48 h izpostavitvi pagilno poviSano stopnjo lipidne

peroksidacije ter rahlo znizanje mitohondrijskehakdsti po 15 min. Inhibitorji p38
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so le delno blokirali IMI-jevo citotok&nost, medtem ko so druge antioksidativne
spojine, kot sta vitamina C in E, delovale bolj&ia®. Ti rezultati nakazujejo, da
ima indukcija oksidativenga stresa pomembno viegamer IMI strupeno deluje na
nevronske celice. Zato je potrebna previdnost meru dolgotrajne predahtljivosti
perifernih senzornih nevronov ze pri koncentragijghso pod pragom strupenosti.
Rezultati testiranj z uporab8. typhimuriumvezanih na mozne mutagen&nke
IMI-ja, Confidorja 200SL ter 6CNA, niso pokazalkakrsnih mutacij.

V primeru in vivo bioloskih testov, smo v rakih postranic&h fossarum
prewevali odzive, vezane na oksidativni stres ter sprabe obnaSanja po 24 h
izpostavitvi, v sladkovodnih algab. subspicatuga hitrost rasti po 96 h izpostavitvi
IMI-ju, komercialnemu pripravku Confidorju 200SLrt@retvorbenemu produktu
6CNA. Rast alg je bila manjSa pri izpostavitvi Gdofju 200SL in 6CNA v
primerjavi z IMI. V primeru rakov so le nizke komteacije IMI-ja (102.2ug L
inducirale lipidno peroksidacijo, medtem ko je ddof 200SL induciral tako
katalazno aktivnost (511;8) L) kot peroksidacijo (255.6g L™). 6CNA je vplivala
na antioksidativni mehanizem (katalazna aktivhastdtem ko na peroksidacijo ni
vplivala. Nadaljnji poskusi, pri katerih smo lumsoergne bakterije izpostavili
vodnim raztopinam treh produktov pretvorbe IMI§alidroksi-IMI, deznitro-IMI in
olefin-IMI) so pokazali raztino strupenost v primerjavi z IMI-om.

Glede na zelo razine odzive organizmov na testirane spojine, bi bilo
smisleno raziskave razsiriti ne le na ugotavljadjagih &inkov, p& pa tudi na
varnejSo uporabo tercinkovitejSe odstranjevanje. Omenjena raziskava atvaeni
razlicnin  winkov in odzivov v bioloskih preskusih omago razumevanje
mehanizma oksidativnega stresa, povenega zaradi delovanja IMI-a ter njegovih
produktov pretvorbe. Dobljeni rezultati narikeazejo na morebitne Skodljiveinke
neonikotinoidnih pesticidov na netae organizme. Na splosno pa lahko trdimo, da
moramo strupenostne teste s pesticidi izvesti wdetnih sistemih na razhih
nivojih bioloSke organizacije z uporabodjega Stevila biomarkerjev. Na ta dma
zagotovimo dinkovitejSo primerjavo podatkov ter popolnejSo sliklelovanja
preiskovanega pesticida in razumevanje pri katkghcentracijah ima substanca

kvarne «inke.
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DAPI staining signal after treatment and resiligleigradation of cellular proteins (actin
staining). Scale bar 1G0n.
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Figure 34: Morphology of F11 cells in control and after IMtposure (400QM; 1022.4 mg L) for
48 h in standard growing conditions (FBS) or inatt® of serum (SF). A. Nuclei are
counterstained with DAPI (blueB-Tubulin 1l immunofluorescence staining is shown i
green. To note: protein aggregates and nuclearerwadion in F11 cells after IMI exposure
(yellow rounded rectangles). B. Nuclei are counténged with DAPI (blue)B-Tubulin 1l
immunofluorescence staining is shown in red. Tent¥l stimulated processes elongation
(arrows). Scale bar: 1Qm.

Figure 35: Values of MTT assay in F11 cells after exposuréb Confidor 200SL and 6CNA for
24 h (A) and 48 h (B); data presented as percerthgentrol shown as dashed line (n=6). p
< 0.001 (***), p < 0.01 (**), and p < 0.05 (*).

Figure 36: Values of MTT assay in F11 cells after exposurbvth desnitro-IMI, 5-hydroxy-IMI and
olefin-IMI for 24 h (A) and 48 h (B); data presetitas percentage of control shown as
dashed line (n=6). p < 0.001 (***), p < 0.01 (*3nd p < 0.05 (*).

Figure 37: A, B. Representative fluorescence microscopy imagfeF11 cells in control conditions
and in the presence of IMI 400M (102.2 mg L% and 4000uM (1022.4 mg [%)
immunostained with antibodies anti-active Erk (A)aztive p38 MAPK (B). Scale bar: 50
um. Histograms quantify the grey values of immundjpaes signals after background value
subtraction. Data have been normalised on totahcehber (counterstained with DAPI) and
expressed as arbitrary units (AU). To note: différactivation profile. C. Graphs quantify
p38 signal intensity during the time after appligatof IMI at 4000uM to F11 cells (left)
and nuclear translocation of activated phosphaogglad38 during time after IMI application
(right). (n=3). p < 0.001 (***), p < 0.01 (**), ahp < 0.05 (*).

Figure 38: Representative microscopy images of translocatedhorylated p38 MAPK in nucleus

of F11 cells exposed to IMI (40Q0M; 1022.4 mg [) for 10 min. Scale bar 16m.

Figure 39: A. Representative example of F11 cells microsdopyges analysed in control and after
IMI incubation at 400QuM (1022.4 mg [*) for 30 min. Cells are immunolabelled with anti-
Nrf2 antibodies. Scale bar: 1Q0n B. The histogram describes the time course (0068,
120 and 240 min) of the relative average quantificea of Nrf2 immunofluorescence
reactivity in control and in IMl-exposed cells (4D@M; 1022.4 mg [Y). Histograms
quantify the grey values of immunopositive sigrefter background value subtraction. Data
have been normalised on total cell number (coutaiexsd with DAPI) and expressed as
arbitrary units (AU). (n= 3). p < 0.05 (*»).
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Figure 40: A. In vivoimaging of live cells exposed to IMI 400/ (1022.4 mg [}) 15 and 60 min.
Representative microscopy images show JC-1 flueresc of control (red) and IMI-treated
F11 cells (green). Scale bar 10®. Histogram represent JC-1 green-red fluorescsigral
ratio already significant after 15 min from IMI djmation. Fluorescence values were
expressed as the ratio of fluorescence intensitiradgregates (red) to fluorescence intensity
of monomers (green); ratio results are presentetbldsincrease/decrease of the control
values (JC-1/control in arbitrary units — AUs) (D=B. Catalase activity in F11 cells tested
24 or 48 h after IMI application - 100M (255.6 mg [*) and 4000uM (1022.4 mg [Y) (n
=3). C. Quantification of TBARS products releasedell growth medium by cell exposed to
IMI 1000 uM and 4000uM for 24 and 48 h (n=3). p < 0.001 (***), p < 0.@%¥), and p <
0.05 (*).

Figure 41: Values of MTT assay in F11 cells after 24 and 48posure to 100AM (255.6 mg L)
(A) and 4000uM (1022.4 mg [*) IMI (B) in presence of p38 MAPK inhibitor SB2038,
N-acetyl-cysteine (NAC) or mixed tocopherols (vitarijy data presented as percentage of
control shown as dashed line (n=4). p < 0.001 (*P)< 0.01 (**), and p < 0.05 (%)

compared to IMI-exposed cells.

Figure 42: Dose response curve for aqueous solution of el&fin(A), desnitro-IMI (B) and 5-

hydroxy-IMI (C) for V. fischeriluminescent bacteria within 30 minutes of exposure

Figure 42a: Gamma values ploted against their correspondiegnatal concentration (A) olefin-IMlI,
(B) desnitro-IMI, (C) 5-hydroxy-IMI. Egyvalue is given by the point of intersection witke th
x-axis atl" = 0.25.

Figure 43: D. subspicatu$s of algal growth compared to control after exgesio IMI (A) Confidor
200SL (B) and 6CNA (C) at 24, 48, 72 and 96 h. Trfséde graph represents exposure to
negative control (known co-formulants only). Data aeported as mean * standard error
(n=3). p <0.001 (***), p < 0.01 (**), and p < 0.05).

Figure 44: Mortality rate ofG. fossarumafter 24 h of exposure to IMI or Confidor 200SL) (@&nd
6CNA (B). (n=50). p < 0.001 (***), p < 0.01 (**),rad p < 0.05 (*).

Figure 45: Whole-body CAT activity imol/min/mg protein) ofG. fossarunmeasured after 24 h of
exposure to IMI or Confidor 200SL (A) and 6CNA (Bjhe boxes contain 75% of all
readings, the symbols represent minimum and maxivaloes 4) and the mean valus).
(n=10). p < 0.001 (***), p < 0.01 (**), and p < BQ¥).

Figure 46: Whole-body GST activity (nmol/min/mg protein) Gf fossarunmeasured after 24 h of
exposure to IMI or Confidor 200SL (A) and 6CNA (BJhe boxes contain 75% of all

Xvil



readings, the symbols represent minimum and maximaioes 4) and the mean valus),
(n =10). p<0.001 (***), p<0.01 (**), and p <@b (*).

Figure 47: Whole-body LP ofG. fossarum(expressed in absorbance units of TBARS products)
measured after 24 h of exposure IMI or Confidor DGA) and 6CNA (B). The boxes
contain 75% of all readings, the symbols represgintmum and maximum values-J and
the mean values(. (n=10). p < 0.001 (***), p < 0.01 (**), and p&05 (*).

Figure 48: Inhibitory potential of IMI, Confidor 200SL and 8@\ (0.7 or 7.6 mg [!) and copper (3
and 10ug L) on the accumulation of fluorescent Rh B dyeGnfossarum Results are
expressed in fluorescence units (f.u.) normalisadtaial animal wet body weight as an

average of three separated experiments. (n=30.p5(*).
Figure 49: Schematic diagram describing the possible cytotowddel of IMI and its activated

molecular pathways in human neuroblastoma F11 .céMNM, 2010, with slight

modifications).
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ABBREVIATIONS AND SYMBOLS

a. . active ingredient

ACh acetylcholine

AChE acetylcholinesterase

nAChe nicotinic acetylcholine receptor

ATP adenosine triphosphate

AU absorbance unit/ arbitrary unit

BDNF brain derived neurotrophic factor
BSA bovine serum albumin

BTH butylatedhydroxytoulene

CAT catalase

CCD colony collapse disorder

CDNB 1-chloro-2,4-dinitrobenzene

CGRP calcitonin gene-related peptide
DMSO dimethyl sulfoxide

DTNB 5,5 dithiobis-2-nitrobenzoic acid
DMEM Dulbecco’s modified Eagle medium
ECso (20 median (50 %; 20%) effective concentration
ECPA European Crop Protection Association
ECVAM European Centre for Validation of Alternativethods
EFSA European Food Safety Authority

em. Emission

ERA Environmental Risk Assessment

ETS electron transport system

ex. Excitation

FAO Food and Agricultural Organisation
FBS foetal bovine serum

GDP gross domestic product

GP(GSH-R) glutathione peroxidase

GSH Glutathione

GST glutathiones-transferase

G6PD glucose-6-phosphate dehydrogenase
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HPLC-DAD

HQ

IMI
ICs0

IF

IPM
LCso
LC-MS
LDso
LGIC
LO(A)EC(L)
LP
MAPK
MDA
MMS
MRL
MRP
MXR
NAC
NADP

NGF
NMP
NO(A)EC(L)
Nrf2

NRC

PBS

PEC

PLL

PKC

ppb

ppm

high performance liquid chromatographyiedk array
detector

hazard quotient

Imidacloprid

median (50 %) inhibition concentration
Immunofluorescence

Integrated Pest Management

median (50 %) lethal concentration

liquid chromatography-mass spectrometry
median (50 %) lethal dose

ligand-gated ion channel

lowest observed (adverse) effect concaian (level)
lipid peroxidation

mitogen activated kinase

Malondialdehyde

methyl methanesulphonate

maximum residue level

multidrug resistance protein

multixenobiotic resistance

N-acetyli-cystein

B-nicotinamide adenine dinucleotide phosphate sodialin

hydrate

neuronal growth factor
N-methylpirrolidone

no observed (adverse) effect concerdralevel)
nuclear factor (erythroid-derived 2)-like 2
National Research Council

phosphate buffered saline

predicted environmental concentration
poly-L-lysine hydrochloride

protein kinase C

part per billion

part per million
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PPP
ROS
RNS
RQ

RT
SOD
TBA
TBARS
TCA
N
TOC
TP

US EPA
WHO
6CNA

plant protective products

reactive oxygen species

reactive nitrogen species

risk quotient

room temperature

superoxide dismutase
thiobarbituric acid

thiobarbituric acid reactive substances
trichloroacetic acid

total nitrogen

total organic carbon

transformation product

US Environmental Protection Agency
World Health Organisation

6-chloronicotinic acid
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INTRODUCTION







1. INTRODUCTION

Pesticides are the pollutants increasingly presentthe surrounding
environment, which are often persistent and carnbibaccumulated through the
biological chains such as soil-plant-food or watquatic organism-food (Preston,
2002). The usage of high amount of pesticides wnrenment represents a possible
risk for biota and human health due to their paténtoxic action. Pesticide
substances at@ologically active and must be tested to ensure that their use waiill n
give rise to any unacceptable risksnton-target organisms(i.e. humans, animals
and plants) or to the environment. As part of thessting, pesticides are fully
investigated for potential acute, sub-chronic amaiic toxic effects with the use of
different biological systemsand with the measurement of selecbeomarkers or

conventionakndpoints

1.1. Pesticides in general

As the Food and Agriculture Organisation of the teahi Nations (FAO)
defined, pesticide is any substance or mixtureubttances intended for preventing,
destroying, repelling, or mitigating any pest, urdihg vectors of human or animal
disease or weed which can cause harm during omvate interfering with the
production, processing, storage, transport or ntiawdkeof food, agricultural
commodities, wood and wood products or animal fedgf$s Pesticides can be
classified according to theitarget, their mode or period of action, or their
chemistry. They may be chemical substances, biological ag@nich as viruses or
bacteria), antimicrobials, disinfectants or devioeed against any pest (Saravi and
Shokrzadeh, 2011). Mainly, agricultural pesticidese divided into five categories
based on the targeted pest and include: insedticiterbicides, fungicides,
rodenticides, and fumigants (Saravi and Shokrzagehl). Recently, the European
Food Safety Authority (EFSA) tried to replace thgmssion ‘pesticide’ due to its
negative implications, with the new term-‘plant fctive product’ (PPP).



Pesticides are a highly diverse group of compolards present one of the
most important groups of chemical stressors ingheironment (Hanazato, 2001;
Liess and Ohe, 2005). As an alternative to firshegation pesticides, modern
pesticides have been designed to avoid some ofi¢heterious effects of these
pesticides that had a long residence time in tve@mment and accumulated in the
food chain (Meleiro Portet al, 2011). Newer classes of highly selective, sygtem
and single mode activity pesticides were introduicetthe early 1990s and promised
to address pest more specifically. Over the pasnhtyyears, a class of systemic
insecticides calledheonicotinoids gained increasing interest in the agricultural
sector. The term‘neonicotinoid pesticides’ comprises a group of several different
insecticides but it is usually used to indicate the four the¢ most widely applied:
imidacloprid, thiacloprid, clothianidin and thiarhekam. One of these

representativesmidacloprid (IMI) , was the main focus of this research.



In the last decades, the world has known for aicoatis growth of pesticide
usage, both in number of chemicals and quantipesyed over the agricultural fields
(Carvalho, 2006). According to the data supplied Bayropean Crop Protection
Association (ECPA), the total amount of PPP usethenEuropean Union (reported
as tonnes of active ingredient (a. i.) for the nRARP categories) increased steadily in
the 1990s, stabilised in the late '90s and thesa liave not altered significantly
between 1992 and 2003 (Fig. 1A). Especially, isangmt to notice that the use of
insecticides more than doubled between 1992 an@,20@h only a slight decrease
from 2000 to 2003 (Fig. 1B) (EUROSTAT, 2007).
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Figure 1: (A) Use and composition of PPP in 15 MembStates of the European Union (EU-15),
1992-2003 (y-axis; in tonnes of a. i.) (B) Use dPP-insecticides in all Member States of European
Union (EU-25) and in EU-15, 1992-2003 (y-axis; innines of a. i.). (EUROSTAT, 2007).



The Community regulatory framework concerning pedés focuses
particularly on the placing on the market and tinel ef the life cycle of such
products. The most relevant legislative measuraseraing PPPs are:

1) Directive 91/414/EEC on the placing of PPPs omtlaeket.

2) Regulation (EC) No. 396/2005 on maximum residuelewf pesticides in
food and feed.

3) Water Framework Directive (WFD) 2000/60/EC.

Lately, the EC Directive 91/414/EEC has been reggaby EC Directive
1107/2009. The new legislation published in Decan@09 which ispart of the
European Union Thematic Strategy on Pesticidessacdmposed of four elements:

1) Plant Protection Products Regulation 1107/2009

2) Sustainable Use Directive (SUD) 2009/128/EC

3) Machinery Directive 2009/127/EC — which sets outndlrds for new
equipment

4) Statistics Regulation 1185/2009 — the key elemehthis regulation are the
provision of annual sales data and the provisiodaté every five years on

usage on crops and the pesticides applied.

These above-mentioned legislations are also appli&tbvenia that is one of the
Member States of the EUn comparison to other Central and Eastern European
countries, the macroeconomic importance of agucelin Slovenia is relatively low.
Share of agriculture, hunting and forestry in itesy domestic product (GDP) has
been decreasing in the last decade (Slabe, 200&).PPP market in Slovenia is
dominated by herbicides and fungicides in comparabbportions (Fig. 2)Over the
last years, total pesticide products use has bemrdsing. Average use of pesticide
products in 2000 was estimated at 3.1 kg dfagriculture land (GIS, 2003).



The use ofneonicotinoids has been approved in the EU and they are
currently in use. IMI, thiamethoxam, acetamipridlahiacloprid are registered also
on the Slovenian market. However, since May 2008, insecticides thiamethoxam,
clothianidin and IMI were banned for treatment ofrcseedsZea may) sugar beet
seeds Beta vulgari$ and oilseed rape seed®rdssica napus(The Official Gazette
of the Republic of Slovenia No. 50/2008). Despitdhe precautions taken in order
to avoid the poisoning of bees, a large numbereafdcolonies died in the eastern
part of Slovenia during April 2011 (Pomé&ebel v Pomurju dobiva nove razseznosti,
2011). Due to these repetitive negative events Ptmgosanitary Administration of
Slovenia banned completely clothianidin, IMI andathethoxam for any seed
treatment, also other EU member states such asdsr@ermany and Italy imposed
similar bans for IMI and clothianidin. Moreover othianidin is completely banned
in Slovenia for any agricultural use (The Officahazette of the Republic of Slovenia
No. 31/2011). It was estimated that in Slovenia rapinately 2,400 kg of
neonicotinoids was sold in the year 2004 (Phytdaani Administration of the

Republic of Slovenia, personal communication, 2G@Hhar, 2012).
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Figure 2: Use and composition of PPP in SloveniaQ@-2003 (y-axis; in tonnes of a.i.)
(EUROSTAT, 2007).



1.2. Neonicotinoids — Imidacloprid

Neonicotinoids are a group of insecticides derived from nicotigelated
from the tobacco plantNjcotiana tabaccuiwhich presents insecticidal activity and
has been used extensively as natural insecticide.dEveloping road from nicotine
to neonicotinoids was long and complicated. Nedmoads effective control of
insect pests and helminthic parasites has beerewathiby targeting invertebrate
(insect) nAChRs (Matsudat al, 2005; Tomizawa and Casida, 2003; 2005). The
major commercial insecticides targeting insect nR€hwere not derived from
natural products but rather from the discovery ghtlsetic nitromethylene
heterocyles (Kagabu, 1997). Introduction of the h&m-3-pyridylmethyl and
nitroimine moieties led to the development of thetftype of nicotinic insecticide
called imidacloprid (Kagabu, 1997).

Imidacloprid (IMI) is one of the major representatives of the neveggion
of neonicotinoid insecticides. It was patentedtfa first time in 1985 by Bayer and
was placed on the market in 1991. Today it has Ineathe commercially available
by Bayer AG and Nihon Tokushu Noyaku Seizo KK. dt a nicotine derived
compound (neonicotinoid) with a large potentialtmisition due to its agonistic
action on insect nAChRs and its selective toxidity insects over vertebrates
(Tomizawa and Casida, 2003). IMI [1-[(6-chloro-3riplynil) methyl]-N-nitro-2-
imidazolidinimine] has the molecular formulag;oCINsO, (Fig. 3), with a

molecular weight of 255.7 g milIn appearance, it consists of colourless crystals

HN/Noz
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Figure 3: Chemical structure of imidacloprid.



This components a relatively new pest control substance, whelaving
the fastest growing sales worldwide (Tomizawa aadida, 2005) and is generating
increasing concern on its possible impacts on aherosystems (Matsuds al,
2001; Jemeet al, 2007). Elberet al (2008) pointed out remarkable data revealing
the turnover toward insecticidal seed treatment.tBy year 2005 seed coating
developed into a €535 million market, with a 77 %are for neonicotinoid
insecticides.

IMI's physicochemical properties render it usefur fa wide range of
application techniques, including foliar, seed tmeant, soil drench, and stem
application (Millar and Denholm, 2007) (Table 1t)id a versatile, broad-spectrum,
systemic insecticide with activity against suckingects (e.g. aphids, leafhoppers,
whiteflies, and termites), several speciesCafleoptera Diptera, Lepidopteraand
parasites on a different types of crops (TomliQ4,9Tomizawa and Casida, 2005).
In addition, it is also applied as veterinary mawcagainst parasites and fleas in
dogs and cats. Other important neonicotinoids acetamiprid, clothianidin,

dinotefuran, thiacloprid and thiamethoxam.

Commercial formulations of IMI used for the control of different pest
insects are available in a very large number (&dmire, Merit, Confidor 200SL,
Provado and Gaucho) (PMRA, 2005). Formulationdvifdre present as: a slurry or
flowable concentrate for seed treatments, granweftable powder, soluble
concentrate, and suspension concentrate, wateerdibje granules, and dustable
powder (Tomlin, 2004). To make a pure pesticideatwle applicable and highly
functional, a. i. are combined with solvents orfactants to accomplish an effective
action of these formulations in agricultural apations. These supplementary
substances often represent the highest proponipesticide marketed mixtures and
include co-formulants (e.g. dimethyl sulfoxide (DM N-methylpyrrolidone
(NMP), propylene carbonate and other solvents)dbald modify IMI's toxicity and
bioavailability. Formulations of IMI include alsdler chemicals such as crystalline
guartz silica and naphthalene chemicals which rhelge associated toxicological
characteristics (Cox, 2001). Even a minor concegarding the toxicity of these
compounds and their possible synergistic effedh Wl or other ingredients should

be continuously considered (Tobiasstral, 2003; Surgan, 2005). It is important to
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notice that the commercial formulations are thesaagplied in the environment with
relevant soil (50 g hhto 320 g hd) and foliar concentrations (73 mg‘tto 150 mg
LY. Recent evaluation of the data relative to déferformulations noted high levels
of IMI in leaves and in blossoms of treated plamtsd increases in residue levels
over time (CDPR, 2011). Data indicated that the afsthese IMI formulations on
annual basis may be at the end cumulative. Due etent findings certain
commercial products within the class of neonicatieo(containing a. i. IMI) were
placed under re-evaluation and need further stdB$R, 2011).

Even if IMI has been in use for a relatively sheetiod of time compared to
other common pesticides, it is considered to beisgd in the largest quantity
worldwide of all insecticides (Cox, 2001; Ware amthitacre, 2004). Comparative
toxicity studies indicate IMI's adverse effectsslmme aquatic invertebrates and have
noticed high species-specific response to IMI, Wisaggests that IMI toxicity data
may not be generalised (Jenetcal, 2007). In addition, IMI can be applied at very
low rates and during whole year.

In the present research, IMI - gmire compound and ascommercial
formulation Confidor 200SL was selected for further studies and investigébed

potential toxicity to different non-target organssitirig. 4).

IMI
e 6CNA
® pure compound e commercial ¢ 5-hydroxy IMI
formulation - * olefin-IMI
Confidor 200SL ¢ desnitro-IMI

IMI transformation

L products

Figure 4: Schematic diagram of selected compoundsck were tested on different biological

systems during this study.



Table 1: Selected properties of IMI.

Imidacloprid
Ref. No.

Physico-chemical properties
CAS number 138261-41-3 ()
Water solubility at 20°C (mgt) (a) 510 (@) (2)

(b) 610 (b) (1, 3)
Koc (soil organic carbon-water  (a) 210 (20 °C) (@) (4)
partitioning coefficient) (b) 249-268 (b) (5)

(c) 109-411 (20°C) (c) 3)
Log K, (octanol-water (a) 0.57 @ )
partition coefficient) (b) 0.92 (b) (4)
Average application rates: (a) 50-320 (a) (6)
soil (g ha') and foliar (mg ) (b) 73-150 (b) (7)
applications
Environmental fate Ref. No.
Detected aquatic concentrations (a) 1 (surface water, Florida, USA) (@) (8)
(g LY (b) 6.7 (ground water, Florida, USA) (b) (9)

(c) 14 (Lake Wales Ridge, USA) (c) (10)

(d) 300 (surface water, Denmark) (d) (12)

Estimated aquatic concentrations(a) 36.04 (acute surface water exposure); 17.24 (a) (9)
(ug LY (chronic surface water exposure)
(b) 22 (accidental direct spray in a pond or stieam(b) (12)
1.8-7.3 mg [* (accidental spill in a small pond)

Aqueous photolysis Dsp (a) 3 h (simulated sunlight, 30°C) (@) (13)
(b) >1 h (simulated sunlight, 24 °C) (b) (9)

Hydrolysis DTso (days) (@) > 30 (@) (9)
(b) 355 (at pH 9); stable at pH 5 and 7 (b) (14)
(c)36.3atpH4;41.6 atpH 7 (c) (15)

Soil photolysis D (days) 38.9 (9)

Soil anaerobic D (days) 27.1 (9)

Soil aerobic D, (days) (a) 156 @) 3)
(b) 997 (b) (9)

Field dissipation DY, (days) (a) 26.5 - 229 (@) (9)
(b) 83 - more than 365 (b) (16)
(c) 7 (corn); 12 (sandy loam); turf grass (61-107) (c) (17)
(d) 96 (bare soil) (d) (3)

References: (1) Tomlin, 2004; (2) Yen and Wendt, 1993; (3) Kradnd Hellpointer, 2002; (4)
Nemeth-Konda&t al, 2002; (5) Oi, 1999; (6) PMRA, 2005; @yvw.bayercropscience.com; (8) Jemec
et al.,2007; (9) Fossen, 2006; (10) US Geological Sura803; (11) Tennekes, 2010; (12) SERA,
2005; (13) Kagabu and Medej, 1995; (14) US EPA,R2(Q5) Sarkaret al, 1999; (16) Sabbagat
al., 2002; (17) CDPR, 2006.
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1.2.1. Imidacloprid mode of action

IMI mode of action is based on the interferencehef neurotransmission in
the nicotinic cholinergic nervous system. IMI bintls nicotinic acetylcholine
receptors (NAChRs) at the neuronal and neuromusguiections in insects and
vertebrates. The nAChRs are members of the cys-lgamd-gated ion channel
(LGIC) superfamily consisting of five membrane @ios arranged around a central
cation permeable pore (Sine and Engel, 2006) &)igThese ion channels rapidly
transduce the actions of the excitatory chemicalrateansmitter acetylcholine
(ACh) to membrane depolarisation at the level ofapges. The receptor is normally
present in a closed state; however, after ACh bopdihe complex channel opens a
pore and becomes permeable for cations.

Extracellular

Intracellular

Figure 5: Nicotinic acetylcholine receptors (nAChRand subunit structure. (A) Schematic
representation of nAChR, presenting the pentamedmrangement of subunits around a central
cation-permeable pore. (B) Three dimensional st of an individual nAChR subunit showing
the structure of the polypeptide backbone (Mill&009).

Similarly to the naturally occurring signal transtinig ACh, IMI stimulates
certain nerve cells by acting on a receptor protéifi fits to the receptor that
normally receives the molecule of ACh and irreudisblocks postsynaptic NAChRs
(Tennekes, 2010) (Fig. 6). In contrast to ACh, wh& quickly degraded by enzyme
acethylcholinesterase (AChE), IMI is inactivatedher very slowly or not at all
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(Cox, 2001). Prolonged activation of the nAChR MJ tauses desensitisation and
blocking of the receptor and leads to paralysisdeath.

Figure 6: Site and mode of action of imidaclopridnoinsect neuronal cells. (1) Vesicles of
acethylcholine, (2) imidacloprid, (3) nicotinic reptors blocked open and (4) constant
neuromuscolar stimulation. (Bayer HealthCare A

To understand the activity of IMI on insect and maatian nAChRs some
structural properties are important. The IMI moleceonsists of a 6-chloro-3-
pyridyl group and a 2-nitroimino-imidazolidine gmuridged by a methylene group
(Fig. 3). Toxicity, binding and receptor activatiare affected by all three of these
components and also by the overall hydrophobidithe molecules.

Insect nAChRs - high affinity IMI binding sites in insect nAChRwsere
detected in a broad range of insects, includingmreeach aphid, glassy-winged
sharpshooter, whitefly, cockroach, migratory locarsd fruit fly (Zhanget al., 2000;
Tomizawa and Casida, 2003). The 2-nitroimino-imal&line group plays a key role
in the selectivity of insect NAChRs. Neonicotino&te not protonated and instead of
an easily protonated nitrogen they have an eleegative nitro or cyano
pharmacophore. This electronegative pharmacoplksgpeoposed to associate with a
cationic subsite in the insect nAChRs (Tomizawa @adida, 2005). In general, the
potency of IMI for insect brain nAChRs is considgyahigher than for mammalian
channels. For example, the binding affinity of IMI nAChRsof Drosophilasp. is
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over 550-fold greater than the affinity to the maafian receptors (Tomizawa,
2001).

Mammalian nAChRs - structural studies suggested that the electron
deficient nitrogen atom of the imidazolidine groumpIMI molecule corresponds to
the protonated form of nicotine and interacts with mammalian nicotinic receptors
(Matsudaet al, 2000). The binding affinity and agonist poterafylMI have been
reported for several vertebrate species. IMI shoavedrtial agonist activity with the
recombinant chickerudf2 and a7 receptors (Matsudat al, 1998; 2000). IMI
presented also agonist action on nAChRs in BC3H&cteucells and mouse N1E-
115 neuroblastoma (Zwaet al.,1994).

It is important to describe several additional etifethat occur at the receptor
and cellular level after exposure to IMI. It wasramstrated that IMI (after 3 days of
exposure) up-regulates thdp2 nAChR subtype in mouse M10 cell line (Tomizawa
and Casida, 2000). This up-regulation is often @ased with the receptor
desensitisation (Paulgt al, 1996). At the cellular level, the immediate effef
NAChRSs activation is an increase in the level ¢faicellular calcium and consequent
membrane depolarisation which then activates a ®mgownstream signalling
pathway (Berg and Conroy, 2002). One of the key mmments involved in the
NAChR downstream signalling pathway is the extlatal signal-regulated kinase
(ERK), also known as mitogen-activated protein &ngdMAPK). In the study of
Tomizawa and Casida (2003) IMI activated the ERKscede in mouse
neuroblastoma N1E-115 cells after 30 min incubatidme IMI stimulation ofa432
receptor was joined with the phosphorylation of ERKa C&* and protein kinase C
(PKC)-dependent manner (Tomizawa and Casida, 20BRK pathway is a
necessary intermediate in the signalling from tA&€hR to expression of specific
genes (Chang and Berg, 2001). Several human nebodpgies have been linked to
genetic alterations of NAChRs genes (Lindstrom,2200hese receptors are also
involved at different levels in several neurodegatiee diseases such as Parkinson
and Alzheimer’s. There is a growing number of fgetgen if studies are not entirely
consistent) which correlates long-term low-dosetipel® exposure along with the
specific agricultural working conditions to a vayief disease conditions including
cancers, reproductive health problems and a rahgewological disorders (Parrén
et al, 2011).
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1.2.2. Environmental fate and behaviour of imidaclprid

After the application of pesticides used for pesttool in agriculture a lot of
different transportation and transformation proesssnay occur. The fate of a
pesticide comprises its behaviour in all three megnpartment of the environment:
air, soil and water. In general, the principal esuf dissipation for IMI in the
environment are aqueous photolysis, microbial déagran and uptake by plants.

Air. Some formulations of IMI are applied as spraysyvaithg for possible
off-site movements through drift. IMI's low vapopressure (2 x I0Pa at 20° C)
and low soil adsorption coefficient indicates thatvolatilisation from soil and leaf
surfaces may not be the main route of dissipati@@embination of these
characteristics with low Henry's law constant & &.10™ atm n? mol* makes it
unlikely that IMI will be present in the air in m&a&able amounts after application
by any method. For example, an air monitoring stoflyiMI residues has been
performed by the California Department of Pestidrigulation (CDPR) in cropped
field treated with IMI for control of glassy-wingedharpshooter Homalodisca
coagulatg. Air samples collected immediately after spraplagations in this area
did not detect any residues of IMI (Waltettsal, 2001; Segawat al, 2004).

Soil: The relevant water solubility and low.Kfor IMI indicate a low
predisposition for adsorption to soil particlesifleal). Field studies have produced a
wide range of half-life values (34). DTsp is the time required for 50% of the field-
applied pesticide to dissipate and in case of IMh aange anywhere from
approximately 80 days to 2 years (Table 1). Sontleoasi consider IMI as relatively
immobile in soil and do not expect its significdaaching behaviour (Krohn and
Hellpointner, 2002), while some studies indicate tpposite (Guptat al, 2002).
IMI persistence in soil depends on a wide rang@actbrs such as: soil type, pH, and
presence or absence of ground cowery important factors, which also influence
the mobility, are the chemical nature of active stabces and the formulation
characteristics (Gupta&t al, 2002). Furthermore, degradation of IMI in sasl i
decreased if organic materials used to improve cquadlity (organic fertilisers) are
added (Rouchauet al, 1996).
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Water: Based on solubility of IMI and its persistence,| g considered to
have high leaching potential. The solubility of IMIwater is relatively high, and its
octanol-water partitioning coefficient is quite lo@Wable 1). Generally, IMI is
persistent in water and not easily biodegradabigldiTet al, 2009). The influences
of pH and applied formulation on the persistencdMif in water have also been
studied, and it was found that a higher pH, meamilkgline conditions, increases
half-life time and consequently its persistence. elvironmentally relevant pH
values, hydrolysis of this insecticide is greatemnt 30 days, but it can be rapidly
degraded through photolysis with a half-life of h8urs (TiSleret al, 2009).The
formulation of the pesticide also presents a sigarit effect on IMI persistence. For
example, the powder formulation Gaucho 70WS wasenparsistent in water than
the liquid formulation Confidor 200SL (Sarketral, 1999).
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1.3. Transformation products of imidacloprid

Pesticides can be transformed in the environmeapscor organisms into a
large number of different products, calle@nsformation products (TPs). It is
widely known that TPs may have different propertsdsch allow them to occur in
areas which usually cannot be reached by a pestits¢lf. Due to their higher
polarity and mobility in the soil-water environmertPs may reach surface- and
ground-water more easily than the parent compotiedn@ndezt al, 2008). These
products can be more toxic (Bavcon Kratjal, 2007) and more persistent than the
parent compound (Kolpiat al, 2009).

IMI's chemistry is founded on nitromethylene detivas, the activity or
stability of which is modified mainly by three pesses: (1) change of the
heterocyclic ring to an imidazolidine ring; (2) michtion of the nitromethylene
moiety to nitroimino; (3) and introduction of a yl moiety (Iwaya and Kagabu,
1998). All transformation processes are relatethiége three possible pathways.

The TPs of IMI in soil are typically IMI urea, 6-cmonicotinic acid (6CNA)
and 6-hydroxynicotinic acid (Scholz and SpitellE992; Rouchauét al,, 1996) (Fig.
7). It is important to notice that IMI degradatespeess mainly higher water
solubility and consequently higher leaching or eomnhation potential of aquatic
compartments. 6CNA is one of the final transformatproducts of IMI and due to
its high water solubility (2 g £) it may leach from soil into the aquatic environme
IMI’'s major photolysis breakdown product in watee &-chloronicotinic aldehyde,
6-chloroN-methylnicotinacidamide, 6-chloro-3-pyrydylmethylgkendiamine, IMI-
urea, 6-hydroxynicotinic acid, and a minor breakdoproduct is IMI-guanidine
(Bacey, 2001). The major TPs resulting from incidmabf agueous samples under
the environmentally relevant non-sterile conditiansl light exposure were desnitro-
IMI, IMl-urea and 6CNA (Mulye, 1995) (Table 2). Ued dark, non-sterile,
anaerobic conditions, desnitro-IMI was the major GfRMI and has been found to
be more persistent than its parent compound (MUg®5). IMI taken up by the
crops is metabolised to several major productsudioly desnitro-IMI, 5-hydroxy-
IMI and 6CNA (Table 2).
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Figure 7: Probable degradation pathway in soil (rmaiTPs) (IMIDACLOPRID (206) by U.

Banasiak).

The TPs produced through vivo metabolism of neonicotinoid compounds
in animals (i.e. mouse and rat model organisms)namaerous and well known
metabolites. The metabolism of IMI is complex arak lbeen studied in goats,
rodents and laying hens (Tomizawa and Casida, 200&) major routes are present
for IMI metabolism in the rat as shown in Fig. &hgEsen and Machmer, 1999). In
the first route, IMI undergoes oxidative cleavagenhidazolidine and hydrolysis to
6CNA. The second route involves hydroxylation ia tmidazolidine ring (formation
of 4- and 5-hydroxy-IMI), followed by eliminationf evater and formation of olefin-
IMI (JMPR, 2001; CDPR, 2006).
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Table 2: Chemical structure, IUPAC name and seletigroperties of four major IMI's TPs: 6CNA,

desnitro-IMI, olefin-IMI and 5-hydroxy-IMI.

IMI's TP CAS number and chemical IUPAC name Molecular | Solubility
structure weight (g LY
(g mol?)
5326-23-8
6CNA N COOH 6-chloropyridine-
‘ 3-carboxylic acid 157.6 2
=
Cl N
115970-17-7
1-(6-
desnitro-IMI +NH chloropyridin-3-
2 ylmethyl) 247.13 180-230
/Q imidazolidin-2-
O/\N NH ylideneamine
~ \\/ hydrochloride
Cl N
1115248-04-8
1-(6-chloro-3-
N—NO2 | pyridylmethyl)N- | 253.65 >0.51
olefin-IMI /</ nitro-1,3-dihydro-
= N NH 2H-imidazol-2-
~ | — ylideneamine
Cl N
1115248-02-6
(E)-3-(6-chloro-3-
AN N OH pyridylmethyl)-2-
5-hydroxy- /Ifj/\ /w/ (nitroimino) 271.66 >0.51
IMI Pz J_N imidazolidin-4-ol
c” N T Zn
NO,

Different studies performed with IMI and its TPslicated that the desnitro-
or guanidine-TPs may be activators of toxicity irammals and detoxification
products in insects, while the opposite is truetfa olefin- and nitrosoimine-TPs
(Schulz-Jander and Casida 2002; Schulz-Jaetleal, 2002). One of these TPs,
desnitro-IMI (Table 2), is of particular intereftecause it presents preference for
mammalian versus insect nAChRs and could be relaitd possible toxic effect
also in humans (Tomizawa and Casida, 1999; Tomizawd Casida, 2000).
Important enzymes in IMI biotransformation are cytmme 450 (liver microsomal

CYP450) and cytosolic aldehyde oxidase (AOX) (Homdaal, 2006). CYP3A4
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oxidises the imidazolidine moiety and reduces thgoguanidine substituent
(Schulz-Jander and Casida 2002; Schulz-Jaatlad,. 2002) (Fig. 7), while AOX
reduces the nitroguanidine moiety of IMI (Schulnder et al, 2002; Dicket al,

2005). Metabolism of the neonicotinoid can decreasacrease its toxicity/potency,

based on the compound and specificity of the nAChR.

HO
= N, _NH
S NYNH NN\I{NH | Y
=
- ~
cI” N NNO, CI” N NNO, @ N NNO
5-hydroxy imidacloprid (IMI) nitrosoimine
l A B ]

j_-\ J \
= N NH |“‘- N. _NH |\ N NH
LY J Y — J Y

cI” N NNO, Cc” N o CI” °N NH
olefin urea guanidine

Figure 8: IMI metabolism by human CYP450 (A) hydrghation or desaturation of imidazolidine

moiety with formation of hydroxyl- and olefin-IMI; (B) cleavage and reduction of nitroimine

substituent to form urea, nitrosoimine and guaniddinmetabolites. (Schulz-Jander and Casida,
2002).

The safe and effective use of pesticides requirdea understanding of the
parent compound, but also of its TPs. All legislasi related to the placement of
pesticides on market focus only on parent compouratker than marketed
formulations or TPs. No particular control or monihg over the presence of IMI
TPs is performed and there is a great necessityptement this part of legislation
by establishing the MRLs levels for several TPssen¢ in the environment.
Although IMI is continuously studied, fewer invegtions have been conducted on
its TPs. There is a single study relative to theicity of 6CNA on aquatic
invertebrates performed on mid@hironomus tentang/ith LCso (96 h) higher than
1 mg L* (Bowers and Lam, 1988). There is a great neethpdve our knowledge
relative to IMI's TPs by understanding their possilboxic effects to non-target
organisms. In this study in addition to the selégw@rent compountM| and its
commercial formulation Confidor 200SL, four major TPs of IMI:6CNA, olefin-

IMI , desnitro-IMI and5-hydroxy-IMI were also included (Fig. 4).
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1.4. Pesticide effects on different levels of biajacal organisation

Pesticides released into the environment may haveral adverse ecological
effects ranging from long- to short-term effectstlie ecosystem. Pesticides hold a
distinctive position among environmental contamieadue to their acute and
chronic toxicity. After the application of the pesiies (with spraying through
sprinkling or by wetting the seeds or crops); tlestides can influence different
soil or aquatic organisms (Fig. 9). The indiredtuence of pesticides to this group
of organisms calledhon-target organisms should not be neglecte€ompounds
currently applied in agriculture are biologicallgry active and their specificity could
not be improved to such extent that effects on taoget species can be avoided
(Schulzet al., 2002).

Physicochemmical processes Biclogical receptors of
contributimg to pesticide pesticides
fate in soil

Indirect ieceplors

from pesticide
Pesticide
i toxicity on lower
applicaton ; % trophic levels

Evaporaticn 1 ! \ / 1 F
3 &\ R _/ 'a
R Jlnmtra:ion JIVN \ i ¥, N Eo= ﬁ\]\
o) 0 _.?‘W_,'_'_"., B ] .(\. - --_,;.-j.'i-._“};._.__ e—
Sorption | Pesticide ‘ _’ Sl dias .I_.' ; ¢.:“_

processes .~

)
- Toxiz effectson non- d ‘ ’
target sal organisms

Figure 9: The general scheme of pesticides enviremtal fate and influence of different

organisms in the environment (Sanchez-Hernandez12))
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The toxicity of a pesticide is determined by quigmiig biomarkers (or
conventional endpointy of experimental organisms to a series of increasi
chemical’'s doses in differertoxicological bioassays This relationship between
administered dose and organism response is grdighrepresented as the dose-
response curve (Fig. 10).

A common measure used to define toxicity at a sertlose is theLDsg
(LCs0) — median lethal dose or concentration at whichemban 50 % of organisms
die. TheEC,is the effective concentration of test sample atiwkx % (e.g. 10, 20 or
50 %) of its maximum effect is reached.

The specific point on the dose-response curve wtiexemore susceptible
animals are first affected by a pesticide doseerséd thethreshold level The
threshold level is the beginning of the linear megge region of the curve and is the
separation between the “No Observed (Adverse) Efleevel/Concentration”
(NO(A)EL/NO(A)EC) and the “Lowest Observed (Adverse) Effect
Level/Concentration” (O(A)EL/LO(A)EC ). The NO(A)EC value is the highest
tested concentration that does not yet causeiat&tally significant effect compared
to the control, while the LO(A)EC value is the Ist¢ested concentration that elicits
a statistically significant effect compared to toatrol.

In addition, the effects of a pesticide vary notlyonwith the
concentration/dose but also with the duration gfosxre that can be:

* acute (short-term exposure with high concentrajions
e sub-chronic (intermediate-term exposure)

» chronic (long-term exposure with low concentratjons
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log (concentration)

Figure 10: General scheme of a dose response cumth the toxicity parameter NOEC,
LOEC and EG,. ¢ Control, ¢ treatment, * significant difference compared to cwal (Kienle et al.,
2011).

The use of NOEC and LOEC data in regulatory aspeotsotoxicology has
been severely criticised since a series of puldigtata in the 1990s (Hoekstra and
Van Ewijk, 1992; Noppertet al, 1994; Chapmaret al, 1996; OECD, 1998).
Although an OECD (1998) workshop recommended th&ENs should be
discarded out of international standards, guidaarue toxicity testing, NOEC and
LOEC estimations still persist in more recent OE&HBtistical publications (2006)
because “.the NOEC is still required in many regulatory stands from many
countries and in some cases where a detailed detation of an ECx is not relevant
and the alteration of the study design is too gostl fullfil the requirements for
regression models In general, despite these criticisms, NOECs a@ECs are
continuously generated and reported regularly enlitierature since no standardised

alternative is completely accepted.

Environmental risk assessment (ERA) of environmerteemicals (e.g.
pesticides) is predominantly based on the resuftslaboratory toxicological
bioassaya and studies as previously explained. 83sessment is typically based on
a comparison of effect estimations and exposureadnations. ERA is completed
in four steps: hazard identification, dose-respassEssment, exposure assessment,
and risk characterisation (EC, 2003). Besides EfRére is another interesting term

in this field known as: Integrated Pest Managen(i#titl) which was formalised by
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the US Academy of Sciences in 1969. IPM is largebombination of the integrated
control, which combines biological and chemical tcoin of pests with pest
management. In addition, the European Commissioprasnoting low pesticide-
input farming in Member States with the applicatioh IPM. IPM relies on

minimising pesticide use through the implementatainalternative methods to
control pests, diseases and weeds. Community-waledards for IPM are being
developed and will be mandatory across the EU 2644 (Hillocks, 2012).

In general, toxicity testing is conducted to deteenthe potential human
health and environmental hazards of chemicals.(pegticides) and their products.
Human toxicology, by definition, is concerned witie effects of chemicals on a
single species: man. In this case the researchtemtithg are undertaken with one
major objective, protection of the health of thdiudual. Pesticides are considered
as a significant source of diverse pollutants ttet cause health implications in
humans (Hellweg and Geisler, 2003). Contrary to tnmdser chemicals, they are
deliberately emitted to the environment to conwabesirable organisms, but can
also reach non-target life forms such as humansal&exposed to pesticides in the
food, water and air we use and in these casesufaiah of exposure, the role of
pollutant mixtures, the mode of action should baleated and pesticide use in
agriculture must be subjected to continuous maoinigor

In contrast to the human toxicology is ecotoxicgloghich not only deals
with the impact of chemicals on individuals of difent species, but also deals with
the influence of chemicals on supra-organismal l&eviecotoxicology has evolved
mainly from three different disciplines: toxicolggyapplied ecology and
environmental chemistry. It as an interdisciplinarywironmental science that deals
with the interactions between environmental chelriead biota, thereby focusing
on adverse effects different levels of biological organisationfrom the molecular,
cellular, and organism level, up to populations andsystem (Fig. 11). Ecosystems
include a large numbers of species and pesticifiest enay be identified at different
biological levels, i.e. individuals of a speciespplations of species and groups of
species (communities) with trophic links. Pesticeféect can be simple/direct or
indirect due to complex food web interactions aghler levels of biological

integration (Preston and Snell, 2001; Preston, RODRect effects may depend on
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the mode of action of the compound (Barata andd3&000), the concentrations
(Naddyet al, 2000), and duration of the exposure (Reynaldilaess, 2005). These
straight-forward effects of pesticide exposure wsceptible species include lowering
of survival rate (Barryet al, 1995), or effects on different sub-lethal endp®isuch
as food consumption, growth (Hoopatral,, 2005), and brood production (Hosneer
al., 1998) Pesticide exposure affects swimming behaviouratibn rates as well as
predator-prey relationships (Dodsem al, 1995). After pesticide application was
noted also reduction in diversity, density, andnégs of many invertebrate species

in aquatic communities (Berenzenhal, 2005; Schafeet al, 2007).

Currently there are present two main approachagéefact the trends in eco-
toxicological researches. One way is to work inl reaosystems which are
represented by simplified but still realistic modgktems like mesocosms. In these
models are simulated and investigated complex antems and feedback
mechanisms which occur in ecosystems. An alteraatipproach is to develop a
mode of action based effect evaluation (Escheral, 1997) by investigating
responsible molecular mechanisms of toxic actidmese modes of action can be
solved usingvhole-organism (n vivo) orin vitro modelsystems in order to develop
and measure specifltiomarkers that can be applied as early warning signals. In
eco-toxicological research, cellular and biochemiedfect studies including
mechanisms of toxic action are equally importanstaglies in cell culture and whole
organism models because the primary interactionvd®t chemicals and biota
occurs at the surface of/or in cells. In this wag]lular toxicology provides an
essential concept in understanding eco-toxicoldgioacesses, as it plays a key role
in identifying toxicological effects at higher bagjical levels. Taken together, these
two described approaches integrate each other aitidfimally improve the
understanding of the effects of pollutants (e.gl)Idh living systems (biota and

humans).
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1.4.1. Imidacloprid - toxicity studies on non-targéaquatic organisms

IMI can contaminate surface- and ground-water hbiyofior leach from
agricultural areas and lead to pulse or localisestipide contaminations (Fossen,
2006; Gupteet al, 2002). Detected aquatic concentrations indioaasured levels
of IMI going from 14pg L™ up to 0.3 mg L* for surface waters, while the estimated
concentrations for accidental spills reach highuealgoing from 1.8 mgtup to 7.3
mg L* (Table 1).

IMI based on its mode of action is in specific %0 insects and aquatic
insects; more than to other aquatic invertebrade®fmyeret al, 2005), crustaceans
and fish (TiSleret al, 2009). Freshwater fish do not appear to be qdatily
sensitive to IMI, with toxic effects occurring alatively high concentrations over
80,000ug L™* (CCME, 2007). In specific, only the early life sémgof fish exhibit
higher sensitivity (Cox, 2001). In case of freshavailants there is evidence that IMI
may be harmful to plants and algae at higher canagons (Table 3). The acute
toxicity of IMI was tested on different species gieen algae(Heimbach 1989;
Gagliano and Bowers 1991). These studies gave a BOAnd EGy values for
biomass and growth higher than 119 m§ & i. for 5 day test wittSelanastrum
capricornutumand 10 mg L a.i. for Scenedesmusubspicatusin comparison, a 4
day NOEC of 6.69 mg L and 4 day LOAEC of 9.98 mg'iwas determined for the
diatom (Navicula pelliculosa after exposure to IMI formulation with 21.6 % &fi.
(Hall, 1996). In general, it appears that algaearkeast three orders of magnitude
less sensitive to IMI than many insect and ostraeties.

Furthermore, the major part of studies referrintht persistence and toxicity
of IMI in the aquatic environment is focused to feliént non-target aquatic
invertebrates (Table 4). IMI induces toxic effects in severaliatic invertebrates at
different concentrations having a species-speeiiton and effects. Using survival
and growth endpoints a 96 h and 10 day NOEC vdiages been determined at 1.24
ug Lt a. i. and 0.67ug L a. i., respectively fochironomus tentang¢Gagliano,
1991). Effects at such low concentrations of IMIrgveeported also by Stoughton
(2008) for the same species, with asb®r 96 h of 5.75ug L™ a. i. The sensitivity
of crustaceans to IMI appears to vary. A recentlystooted that ostracod species

seem to be more sensitive than cladocerans e.gr fi@Daphnia magngdSanchez-
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Bayo and Goka, 2006). Amphipods appear to havernmrg@diate sensitivity in
comparison with other crustaceans. Stoughton (20@®prted in case of the
amphipodHyallela aztecaa LGs, for 96 h of 65.4ug L™ of a. i. IMI. For the
amphipodGammarus pulexa 28 day LOEC for mortality endpoint was detesien
at 256pg L™ of a. i. IMI (Hendel, 2001). In a 19 week microsostudy IMI was
applied to the surface of tanks containing a varagtphytoplankton, zooplankton,
and macro-invertebrates at two week intervals withcentrations ranging from 0 to
0.180 mg [* a. i. Statistically significant decreases in pofiates of total macro-
invertebrates as well as individual taxa (mayfliesdges, beetles and amphipods)
were most frequently observed at IMI's concentraioanging from 0.02 to 0.180
mg L' a. i.

All investigations span from single species toyi¢ésts in laboratory (Jemec
et al, 2007; Chert al, 2010; Lukanic et al, 2010; Azevedo-Pereigt al, 2011) to
complete indoor/outdoor stream mesocosms studiederurronstant exposure
(Pestaneet al, 2009) and short-pulse exposure conditions (Stmuget al, 2008;
Mohr et al, 2012). The authors observed usually modificaian survival,
behaviour and population growth rate; while somehaim evaluated biochemical
alterations at molecular level and compared thé&cteects of pure compound IMI
and its formulated version (Jemetcal, 2007; Cheret al, 2010).
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Table 3: Selection of some representative IMI toitycstudies on freshwater algae.

Test organism

Exposure/measured endpoint

Toxicity data

References

Green algae
Scendesmus subspicatus

» sub-chronic toxicity

* concentrations of 0,
0.1, 1, and 10 mg'L

e hbiomass and growth

72 and 96 h EG > 10 mg [
72 and 96 h NOAEC: 10 mg'L

Heimbach, 1989

Green algae
Selanastruntapricornutum

e chronic toxicity

e nominal (measured)
concentrations of 0, 15.6
(14.1), 25.9 (24.1), 43.2
(41.1), 72 (69.5), and 120
(119) mg L*

* biomass and growth

ECso(5d): >119 mg [
NOAEC (5d): >119 mgt

Gagliano and Bowers 1991

Green algae
Pseudokirchneriella subcapitata

» chronic toxicity
* growth inhibition

ECs(5 d) and NOEC: < 119 mg'L

Gagliano and Bowers, 1991

Diatom
Navicula pelliculosa

» sub-chronic toxicity

e concentrations: 0, 0.16, 0.42
1.05, 2.64, 6.69, and 17.0 m
-1

L
e growth inhibition

4 d NOAEC: 6.69 mg &
4 dLOAEC:9.88 mg Lt
g4 d EGg: 12.37 mg L'

Hall, 1996

Blue-Green algae
Anabaena flosaquae

e sub-chronic toxicity
e concentrations of 0, 24.9,

40.5, 68.2, 121.3, and 193.3

mg L*

ECso (4 d): 32.8 (30.4-34.6) mgL
NOEC (4 d): 249 mgt

Bowers, 1996; Mulye, 1997
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Table 4: Selection of some representative IMI toikycstudies on freshwater invertebrates.

Test organism

Exposure/measured endpoint

Toxicity data

References

ACUTE/SUB-CHRONIC TOXICITY

Water Flea
Daphnia magna

Mosquito
Aedes aegypti

static 48 h acute toxicity test
3 trials, 4 replicates per
concentration, 10 animals
each species per replicate
mortality

Water Flea:
LCso (48 h): 10.44 mg &

Mosquito:
LCs0(48 h): 0.044 mg Lt

Songet al, 1997

Song and Brown, 1998

Amphipod crustacean
Hyalella azteca

static sub-chronic toxicity test(a)

2 replicates per concentratio
10 per replicate

mortality, immobilisation,
abnormal effects (e.g.
lethargy or surfacing)

nLCso (96 h): 0.526 mg L
ECso (96 h) for immobilisation : 0.055 mg™L
NOAEC (96 h) for immobilisation and abnormal
effects: 0.00035 mgt
(b)
LCso (96 h) for juveniles: 65.48g L™ (IMI)
LCso (96 h) for juveniles: 17.44 L™ (Admire)

L (IMI); 48.75ug L™ (Admire).

NOEC (96 h) similar for the two products; 54 j24

(a)
England and Bucksath,
1991

(b)
Stoughtoret al, 2008

Midge
Chironomugentans

static sub-chronic toxicity testLCs (96 h): 0.0105 mg t

2 replicates per concentratio
10 chironomids per replicate
mortality

NNOAEC (96 h) for survival: 0.00124 mg'L

Gagliano, 1991

Water louse
Asellus aquaticuk.

Stream scud
Gammarus fossarutioch.

static acute 48 h toxicity test
mortality

electron transport system
(ETS) activity and respiratio
level

Water louse (a.i. in Confidor 200SL):
LCso (48 h): 8.5 mg [*
ECs (24 h): 0.8 mg I

IMI).
LCso (48 h): 0.8 mg [*
ECs (24 h): 0.07 mg I*

Stream scud (a.i. in Confidor 200SL; 20 % of a. i.

Lukarzi¢ et al, 2010
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Table 4: Selection of some representative IMI toikycstudies on freshwater invertebrates (continued)

Test organism

Exposure/measured endpoint

Toxicity data

References

ACUTE/SUB-CHRONIC TOXICITY

Midge
Chironomus tentans

constant sub-chronic toxicity,
test with larvae
mortality

LCso (96 h): 5.75ug L™ (IMI)

LCso (96 h): 5.4

NOEC (96 h): 1.03ig L™ (IMI) and 5.11ug L™
(Admire)

The difference between the effects of IMI and Adarji

(commercial formulation) was not significant

Stoughtoret al, 2008

Microcrustacean
Ceriodaphnia dubi&ichard

acute toxicity test
survival
population size

LCso (48 h): 2.07ug L (Admire Pro; 42.8% a. i. IMI
8 days’ exposure to a mixture of the nonylphenol
polyethoxylate, R-11 and IMI resulted in a populati
size 3 times smaller than with R-11 alone, and 13
times smaller than with IMI only

Chenet al, 2009

Planktonic cladoceran

acute toxicity

LCso (24 h): 161.95mg

Sanchez-Bayo and

Chydorus sphaericus mortality LCs (48 h): 132.67 mg T Goka, 2006
ECso was also determined, and was 2-13 times lower
under dark than under normal (16 h light : 8 h Yark]
laboratory conditions

CHRONIC TOXICITY

Water flea chronic 21 d toxicity test () (@

Daphnia magna

4 replicate per concentration
6 daphnids per replicate
mortality, immobilisation

ECso (21 d) for immobilisation: >7.3mgt
LOAEC: 3.6 mg [*

3.6 and 7.3 mg & Significantly reduced adult
daphnid length compared with control

7.3 mg L% significantly reduced survival;
significantly reduced reproduction compared with
control

Young and Blakemore,
1990
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Table 4: Selection of some representative IMI toikycstudies on freshwater invertebrates (continued)

Test organism Exposure/measured endpoint Toxicity data References

CHRONIC TOXICITY
(b) (b)
NOEC (21 d): 1.25 mgL TiSleret al, 2009
The toxicity of commercial formulation Confidor SL
200 was intensified in comparison to the a.i. (c)
(c) Sanchez-Bayo and
LCs0(10 d): 9 mg [ Goka, 2006

Midge
Chironomus tentans

chronic 28 d toxicity test
constant exposure

LCso (28 d): 0.91ug L™ (a.i. in Admire)
NOEC (28 d): 1.14ig L™ (Admire)
NOEC (96 h pulse exposure): 344 L after 10 d

Stoughtoret al, 2008

Amphipod crustacean
Hyalella azteca

chronic 28 d toxicity test
constant exposure

LCso (28 d): 7.08ug L™

NOEC (28 d constant exposure): 3L™
(Admire)

NOEC (96 h pulse exposure): 11,98 after 10 d

Stoughtoret al, 2008

MESOCOSMOS

phytoplankton, zooplankton,
macroinvertebra te@yalella azteca)

19 week microcosm study
4 surface applications at 2-
week intervals

Amphipods were the most sensitive species,
significant decrease in populations of total
macroinvertebrates and individual macroinvertebrg
taxa. Study recommended 0.006 mtds NOEC for
regulatory action.

Morninget al, 1992
ite

Macroinvertebrates

20 d mesocosmos experime
three pulses of IMI (duration

niMI pulses reduced invertebrate abundance and
community diversity compared to control.

Pestan&t al, 2009

of 24 h) Reduction of oxygen consumption in stoneflies.
Macrozoobenthos community 3-week mesocosmos CaddisflyNeureclipsissp. reacted after first pulse and
experiment most sensitively.

3 IMI pulses of 12 h (1 week
apart)

Insect larvae (ephemerids and dipteran) negatively
affected after repeated pulses.

Effects on insects larvae more pronounced in
summer, due to increased temperature.

Mohr et al, 2012

Emergence is the most sensitive endpoint.




1.4.2. Imidacloprid - toxicity studies on non-targé mammalian models

Toxicity testing on mammalian experimental modets necessary to
completely elucidate possible IMI adverse effesfgecific mechanisms of actions
and molecular pathwaysiumans are also anon-target group which could be
affected by IMI action through common routes of @xmre. Diet is the dominant
exposure pathway for pesticides (McKoeteal, 2007; Luet al, 2008). In general,
food ingestion, air inhalation and ingestion ofnéffthg water are possible ways of
insecticide intake by general public. In additiagyicultural workers are one of the
particularly exposed groups to acute (high) andomier (low) concentration of
pesticides after continuous applications, spraying accidental spillage=xposure
to pesticides has detrimental effects on humanttheald is considered as the major
contributor to most diseases of great public sigaifce.

According to World Health Organisation (WHO) IMI isonsidered as
moderately toxic and its classified by US EPA sys#es toxicity class Il and class
agents because it blocks specific neuron pathwaghndre more abundant in insect
than warm blooded animals. However, several repoatge shown high clinical
toxicity of IMI in human suicidal attempts (Wet al, 2001; Proencat al, 2005;
David et al, 2007; Shadnia and Moghaddam, 2008). The orahDIMI is of 450
mg/kg body weight (b.w.) in rats and 131 mg/kg b.invmice (Najafiet al, 2010).
Experimental animals presented signs of toxicitg@des lower than those causing
mortality, regardless of the species, formulatioB administered. In most studies,
clinical signs of toxicity, including staggeringedation, apathy, tremors and
convulsions were observed shortly after dosingseéhgigns were typically resolved
in all animals before the end of a study (within dalys). Temporary decrease in
body weight was also a common symptom of IMI-trdagsmimals. In fact, the
principal toxicological finding in sub-chronic anchronic oral testing was the
reduction in body weight. Monitoring of body weigptovides information on the
general health status of animals which can be algportant explanation of
reproductive effects (Alet al, 2009). Moreover, the liver was the principalgttr
organ as demonstrated by the hepatic necrosis pertnigphy in rats and dogs,
elevated activities of serum enzymes, hepatic mfyedtion oxidase and alteration

of clinical chemistry parameters such as triglysdesi cholesterol and the blood
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clotting time (CDPR, 2006). There are some repshtsving IMI being negative in a
battery of genotoxicity tests such as test for Didsfnage and repair capacity,ior
vitro gene mutation tests ainmdvivo chromosomal aberration tests (JMPR, 2001). On
contrary, in some mammalian vitro tests IMI caused sister chromatid exchange
and chromosomal aberrations at doses which confinménave also cytotoxic effect
(JMPR, 2001). Regarding reproductive and developaheoxicity for IMI were
reported disproportionally high number of male émeand lower foetal body weight
in rats (CDPR, 2006)he offspring of treated rat mothers exhibited agmificant
sensory-motor impairments after 30 post-natal days this effect was associated
with increased AChE activity in brain and in plas(Adou-Doniaet al, 2008) An
acute oral neurotoxicity study performed by Sheéi€94) suggested that
neurobehavioral and pathological effects are sedy after high dose exposure to
IMI, while all noted effects at lower doses werd na the nervous system (SERA,
2005).

Throughout the scientific literature there are présdifferent studies with
mammalian models relative to IMI toxicity and inéac morphological and
pathological alterations. These studies reportoL&s well as relative NOEC and
LOEC values for different measured endpoints. Qelgently the research in this
area is also focusing on IMI's mediated toxicityigthinvolves excessive production
of reactive oxygen species (ROS), induced oxidasivess and different activated
molecular pathways. These current studies incluxigeramental organisms and

different mammalian or other cellular models (Tahle
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Table 5: Selection of some representative IMI toxycstudies on mammalian organisms and differenturenal cell models.

Test organism

Exposure/measured endpoint

Toxicity data

References

ORGANISM MODEL

Central nervous system and liver of
rats

injected intravenously; 2 h
exposure at 3/4 of L§g(424-
475 mg/kg/b.w.)
antioxidant enzymes

lipid peroxidation (LP)
nitric oxide induction

Induction of nitric oxides in liver. Significant LP
Different responses of CAT, SOD, GPx. Up-
regulation of inflammatory cytokines. Results
suggested that IMI cause oxidative stress and
inflammation in central nervous system and liver.

Duzguner and
Erdogan, 2010

Male mice

oral administration; 24 h
exposure to 1/10 of Li
antioxidant enzymes
lipid peroxidation (LP)
survival rate (LRQ)

Increase in LP level and the activities of antiaxit
enzymes including CAT, SOD, GPx and GST. G6H
activity remained unchanged, while the level of GS
content was decreased. Vitamin C might ameliorg
IMI-induced oxidative. Induction of oxidative stees
is perhaps the central mechanism by which this
pesticide exert its toxic effect.

PD
HEl-Gendyet al., 2010
te

Female rats (ovaries)

daily oral administration; 90
days of exposure to 5, 10 an
20 mg/kg/day)

morphology

hormones

antioxidant enzymes

dSignificant alterations of SOD, CAT, GPx, GSH an
LP (at 20 mg/kg b.w.). Significant toxicological
impact on ovary of female rats as evident by pathg
morphological changes, hormonal imbalance and
generating oxidative stress.

d
Kapooret al, 2011

Male rats

daily oral administration; 60
days of exposure to 225 and
112 mg/kg b.w.

behaviour

hormone

Decreased movement, staggering, trembling,
diarrhoea and spasms. Increased thicknegsafa
albuginea edema in connective tissue, cytoplasmig
granulation. Noted decrease in serum testosterone

tissue morphological analyse

,Jevels.

Najafi et al, 2010
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Table 5: Selection of some representative IMI toxycstudies on mammalian organisms and differenturenal cell models (continued).

Test organism

Exposure/measured endpoint

Toxicity data

References

ORGANISM MODEL

daily oral administration; 90

IMI at 5 and 10 mg/kg/day has not produced any

Female rats days of exposure to 5, 10 changes in SOD, CAT, GPx, GSH and LP. Changes
(NOEL) and 20 mg/kg/day) | of these parameters were significant at 20 mg/kg/daKapooret al, 2010
SOD, CAT, GPx,GSH and | in liver. Also, alterations of SOD, CAT, GPx in bra
LP in liver, brain and kidney | and LP in kidney. 10 mg/kg/day considered as NOEL
through antioxidant enzymes and LP.
Female rats daily oral administration; 90 | Decrease in the body weight at 20 mg/kg/day and gt

days of exposure to 5, 10
(NOEL) and 20 mg/kg/day)
survival, body weight and
biochemical parameters

necropsy body weights of liver, kidney and adrena

were increased. Elevation of serum enzymes, glucoBdardwajet al, 2010

and decreased the activity of AChE in serum and
brain.

MAMMALIAN NEURONAL CELLS

Mouse neuroblastoma N1E-115 cell
line

30 min (0-180 min)
incubation (0.0001-100QM)
ERK kinase cascade
intracellular calcium (C%)
mobilisation

IMI, desnitro-IMI and nicotine induced ERK

activation in a dose-dependent manner triggered hyTomizawa and Casida,

primary action at the4p2 nAChR with an

involvement of intracellular CAmobilisations.
Intracellular C& activate a sequential pathway from
protein kinase C (PKC) to ERK.

2002

Neuronal SH-SY5Y and pulmonary
A549 cell lines

3 day incubation (0.2-2.7
mM)

growth rate (LOEC, IC50)
cell count, total protein
content

heat shock proteins (HSP)
glucose regulated proteins

Neuronal cells more sensitive than pulmonary. For
SH-SY5Y: LOEC - 1.2 mM (IMI) and 0.3 mM
(Confidor 200SL); 1Gy— 1.6 mM (IMI) and 0.8 mM
(Confidor 200SL). For A549; LOEC — 1.2 mM (IMI
and 0.3 mM (Confidor 200SL); Kg— 1.8 mM (IMI)
and 1.3 mM (Confidor 200SL). Commercial
formulation (Confidor 200SL) indicates an additibng
additive toxic effect. Insecticide concentratiomngher
than 1G, were found to induce an under-expression
of all cytosolic HSP probably resulting from a geaie
inhibition of protein synthesis

Skandrangt al, 2006

AbbreviationsiCs, (median inhibition concentration).
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Table 5: Selection of some representative IMI toxycstudies on mammalian organisms and differenturenal cell models (continued).

Test organism

Exposure/measured endpoint

Toxicity data

References

MAMMALIAN NEURONAL CELLS

Mouse fibroblast M10 cells

3 day incubation
up-regulation ob4p2 AchRs
and mechanisms of up-
regulation

IMI up-regulatendf2 AchRs by five- to eightfold
with EGsps of 70,000 and 19,000 nMDn contrary,
desnitro-IMI TP gave up-regulation by eightfold an
EGCsos of 870 and 500 nM, respectively. Determinat
ICs, for IMI was of 2600 nM and for densitro-IMI of
8.2 nM.

Tomizawa and Casida,

d12000a
ed

Primary cultures of cerebellar neuron
from neonatal rats

S

excitatory C4' influx assay
applications of doses betwee
1, 10 and 10QM

Significant excitatory Cd influxes were evoked at
srconcentrations greater thami

The firing patterns, proportion of excited neurons,
and peak excitatory Gainfluxes showed differences
from those induced by nicotine.

Kimura-Koroda, 2012

Cholinergic synapses of the stellate
cells of the mouse cochlear nucleus

determine to what extent IMI
affects the nAChRs
exposure doses based onskE
against mammalian nAChRSg
of 70uM

whole-cell patch-clamp
recording

Puff application of uM had no significant effect on
the membrane properties of the neurons, while a
Cconcentration of 1QM caused a significant
depolarising shift in the membrane potential.
Concentrations >5(M caused a significant
depolarising shift in the membrane potential.
Exposure to IMI at concentrations >{iM for <1 min
can change the membrane properties of neurons t

have nAChRs and, as a consequence, their functig

Bal et al, 2010

hat
n.
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Table 5: Selection of some representative IMI toxycstudies on mammalian organisms and differenturenal cell models (continued).

Test organism

Exposure/measured endpoint

Toxicity data

References

OTHER NEURONAL CELL
MODELS

Cultured GFP tagged cholinergic
neurons from the third instar larvae ¢
the genetic model organism
Drosophila melanogaster

=

5 s applications of 10QM
dosed at 5 min intervals
fura-2-based calcium imagin

Dose-dependent increase in intracellulai’Ca
Increase in CZ involve also voltage gated calcium
gchannels.

Jepsoret al, 2006

Neural Kenyon cell of cockroach
Periplaneta americana

incubation for 1, 3, 5, 8 and
24 hat1,5, 10, 50 and 100
uM

cell viability (Trypan blue)
adenylate kinase activity
(AK)

Significant decrease of cell viability after IMI
exposure. Increase of AK activity. Higher
concentrations of IMI needed for intracellular
mechanisms of IMI toxicity.

Benzidaneet al, 2011

Neurons isolated from the three
thoracic ganglia of the cockroach,
Periplaneta americana

application of 10quM for 20
s

agonist actions of on nAchR
single electrode voltage
clamp recording

Strong excitation symptoms followed by prostration
and death. Relatively weak partial agonists causing
s only 20—25 % of the maximum ACh curreAigonist
efficacy, but not affinity, was positively corredat
with insecticidal activity.

Tanet al, 2007

Central nervous system
neurons of the stick insedCérausius
morosu$

Brief U-tube application of
10" M doses for1s
patch-clamp experiments
effects on nAchRs

Generally depressive symptoms, characterised by
stillness and weakness, while also variably indgicin
postural changes such as persistent ovipositor
opening, leg flexion or extension and abdomen
bending that could indicate excitation of certain
neural circuits.

can account for the insecticidal actions of IMI.

Selective desensitisation of certain nAChR subtypes

Oliveiraet al, 2011




1.4.3. Imidacloprid’s transformation products - toxcity studies on non-target

organisms

No particular monitoring over the presence IMl TPs is performed.
Although IMI is continuously investigated, feweudtes have been conducted on its
TPs (Table 6). Major part of studies on IMI's TRsperformed mainly on common
honey beeéApis mellifera(Nauenet al, 2001; Suchaiét al.,2001) (Table 6). Bees,
including honey bees, bumblebees and solitary baes the prominent and
economically most important group of pollinators ridwide. There is a great
concern regarding the decline Aypis melliferaacross Europe and world. This event
has been termed as colony collapse disorder (CED) {2). Although the supposed
causes are still currently analysed, the extensseeof chemical pesticides, such as
neonicotinoids (e. g. IMI) may have contributedl@ss of pollinators. Laboratory
studies demonstrate that IMI is acutely toxic tedwith LDy, (48 h) values ranging
from 3.7 to 230.3 ng b&e(SERA, 2005). For chronic laboratory tests withl Whs
demonstrated a high worker bee loss when honey beesumed contaminated
pollen at 40ug kg* and sugar water at 0.1, 1 and L ™" (Decourtyeet al, 2001;
2003). Sub-lethal effects have been noted in buinegle (members of the bee genus
Bombu$ at concentration that could be considered hasnéesl included altered
foraging behaviour, lower reproduction and decrégs#lination (Mommaertst al,
2010). Additional sub-lethal effects consist of smment of olfactory memory,
influenced mobility, reduced learning, and a deseem ‘dancing’, which leads to
reduced foraging activity (Desneex al,, 2007). Sub-lethal dose as low as 0.1 ng of
IMI per honeybee seemed also sufficient to distuabigation in honeybees, loss of
foragers and consequently loss of food supply édblony which then continuous
weakening (CST, 2003). All these facts seriouslglinthat concentrations of several
parts per billion (ppb) in the diet of social inecan already harm them on colony
level. A recently published review of Blacquiegtal (2012) summarises the data
relative to the neonicotinoids in bees and stressesfact that TPs of IMI also
contribute to the toxicity to beneficial arthropodd¢ the moment, most studies were
conducted on TPs of IMI in bees and showed thdine)edihydroxy- and hydroxy-
IMI were more toxic based on oral kfcompared to urea-IMI and 6CNA (Nauen
al., 2001).
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Figure 12: (A) Frames taken from colonies sufferingom CCD with few bees and a large numbers
of developing larval and pupae bees. (B) Frame takeom a healthy colony full of bees. (Oldroy,
2007).

Based on structural considerations, the followirgsTof IMI may be of
toxicological significance: 6CNA, 4- and 5-hydro¥yl, olefin-IMI, desnitro-IMI
and the nitrosoimine compound (a contaminant of Ipteparation and its
metabolite). All of these compounds contain thehBopyridinyl moiety and are
included in the tolerances established for the i&flidues, although they should be
considered separately.

The toxicity of the major TPs of IMI (6CNA, 4 - d&-hydroxy-IMI and
olefin-IMI) has not been fully tested in mammaldDER, 2006). Several TPs were
tested for acute toxicity by oral administrationréds and for their ability to induce
point mutations (mostly by Ames test with bacte@@monella typhimuriun The
TPs showed moderate acute toxicity after oral admations and clinical signs
similar to those described after IMI exposure. @ilethey were found to be less
toxic than the parent compound, and all tests &rogpxicity gave negative results
(SERA, 2005). However, one of the TPs, desnitro-I(Mable 2), is important,
because its mode of action prefers mammalasusinsect NnAChRs (Tomizawa and
Casida, 2000), as already mentioned in sectionol.gis manuscriptFrom a
toxicological point of view, the formation of thePTdesnitro-IMI is of particular
interest, as this product presents a clearly higiheacity to mammals than IMI and is
produced as the major degradation product or métat environment and human

liver microsomes, respectively (CDPR, 2006).
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The predominant TPs associated with toxicity ineats are olefin-,
dihydroxy- and hydroxy-IMI. There is present a gahdMI toxicity pattern of
exposure which involves an immediate onset of rteuraity, followed by a delayed
mortality, usually 4 h after exposure. It seemsdasn the data that unmodified IMI
may be responsible for the primary neurotoxic dffedile olefin-, hydroxy- and
dihydroxy-IMI which appear at approximately 4 heafexposure may be responsible
for mortality (SERA, 2005).

Studies in invertebrates showed that the olefim laydroxy- compounds had
similar acute toxicity as the parent compound, @BICNA did not act as a nicotinic
agonist (Nauenret al, 2001). None of the assessed IMI TPs (urea-IM§nitro-IMI
and 6CNA) were as acutely toxic as a.i. IMI alonéests with the midgeC( tenta3
or amphipod . aztecq (Bowers 1996; Bowers and Lam 1998; Rooney anddBsw
1996; Dobbs and Frank 1996).

In general, there are a limited number of studedative to the toxicity of IMI
TPs to aquatic invertebrates (Tablend)ich warrants expanding our knowledge in this
field. To this end, it is necessary to investigtteir effects on freshwater biota,
especially on non-target aquatic organisms. Iniqdar, these investigations should
be performed as a part of the analysis of pesticiggact on vulnerable aquatic

ecosystems.
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Table 6: Selection of some representative IMI's Tsicity studies on non-target organisms.

Test organism/tested TP Exposure/measured endpoint Toxicity data References
MAMMALIAN ORGANISMS
survival Acute toxicity LDy, for male of 3500 and for female JMPR, 2001
Rat (olefin-IMI) TP purity of 98 % rats of 1100 mg/kg b.w.
Rat survival Acute toxicity LDy, for male of 1980 and for female JMPR, 2001
(nitroso TP) TP purity of 98.1 % rats of 3560 mg/kg b.w.
Wistar rat 15 males and 15 females Water intake was decreased in the groups at 1000

(nitroso TP)

0, 100, 300 and 1000 ppm fq
12 week (~ 13, 35 and 110
mg/kg b.w.)

rppm. At 300 ppm, higher lymphocyte counts and
lower numbers of polymorpho-nuclear cells were
observed. The NOAEL was 100 ppm (part per
million), equal to 13 mg/kg b.w. per day

Krétlinger, 1992

Mouse
(nitroso TP)

Oral application (100 mg/kg
b.w.)

Animals sacrificed after 24,
48 and 72 h post-dosing
Micronucleus test

TP purity 98.9 %

The 48 h sacrifice group showed a statistically
significant increase over controls in micronucldate
polychromatics. There may be a weak effect of the
tested TP on micronucleus formation under these
conditions.

Herbold, 1989

Rat
(nitroso TP)

3 or 4 males/dose, 2 or 3
females/dose, 7 weeks old
Oral administration at doses
of 300, 1000, 1400, 1800 an
2500 mg/kg b.w. (males); an
1400 and 2500 mg/kg b.w.
(females)

Drawback: no control used

LDsgp > 2500 mg/kg. No mortality. Non-specified
poisoning symptoms reported at all doses tested.
dAuthors report “the poisoning symptoms were rath
ddifferent from those seen in the study on a.i. IMI

alone.

eNakazato, 1991

BENEFICIAL INVERTEBRATES

Honey beeApis melliferg
(4-,5-dihydroxy-, desnitro-,urea-IMI
and 6CNA)

3 cages of 20 bees, 3
replicates

The LDy, values for the TPs were each > 1000 ng/i
(> 10,000ug/kg).

acute oral toxicity

neRichailet al, 2001
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Table 6: Selection of some representative IMI's T&sicity studies on non-target organisms. (contied)

Test organism/tested TP

Exposure/measured endpoint

Toxicity data

References

BENEFICIAL INVERTEBRATES

Honey beeApis melliferg head
membrane preparations

(6CNA, urea-IMI, 4-hydroxy-, 4,5-
dihydroxy-IMI)

binding studies with IMI TPs
to determine displacement o
*H M

No effective displacing of IMI from its binding sit

f by 6CNA and urea-IMI even at high concentrations
(0.1 mM). The affinity of the other TPs for the IMI
binding site decreased in the following order: iolef
IMI > 4-hydroxy-IMI >> 4,5-dihydroxy-IMIl. 6CNA
and urea-IMI are not biologically active via thellM
receptor in the honey bee. Results were confirnyed
electrophysiological studies.

Nauenet al, 2001

Honey begApis mellifera)
(5-hydroxy-IMI)

20 late summer worker bees
of unknown age per
treatment, 3 replicates

oral administration

48 h LDy 153.5 ng/bee (125.9 - 196.9)

Decourtyeet al, 2003

Honey Bee Apis melliferg
(5-hydroxy-IMI)

newly emerged worker bees
60-163 bees per treatment
nominal concentrations of 0,
7.5, 15, 30, 60, 120, and 14(
ug/kg sucrose solution
chronic mortality(11 d
exposure)

NOAEC (mortality): 120Qug/kg
LOAEC (mortality); 240ug/kg

Decourtyeet al, 2003

Honey Bee Apis mellifera
(5-hydroxy-IMI, desnitro-IMI, olefin-
IMI and urea-IMI)

3 cages of 30 bees per
experiment, 3 replicates
10-day chronic mortality
study

tested concentrations of 0,
0.1, 1, and 10 ugt(0.010,

All TPs caused mortality within 72 h after the anse
of intoxication (trembling, tumbling, coordination

problems). 50% mortality was reached by day 8 for

all tested TPs. Except 0.1 ug B-hydroxy-IMI
(reached 40% mortality by end of study). All TPslh
similar timing of mortality. 5-hydroxy-IMI showed

D

0.1 and 1 ng /bee/day)

evidence of dose-response.

Suchailet al, 2001




A%

Table 6: Selection of some representative IMI's T&sicity studies on non-target organisms. (contied)

Test organism/tested TP

Exposure/measured endpoint

Toxicity data

References

AQUATIC INVERTEBRATES

Amphipod crustacearfyalella
azteca)
(desnitro-IMI)

14-21 d old, 10 organisms p
concentration, 2 replicates
96 h static acute toxicity of
measured concentrations of
5.6, 11.0, 22.1, 43.8 and 86.
mg L*

2196 h LG 51.8 mg a.i [
96 h EG, (immobilisation): 29.0 mg a.i. L.
96 h NOAEC (mortality): 22.1 mg a.i.,L

O

Rooney and Bowers,
1996

Amphipod crustaceafiHyalella
azteca
(urea-IMI)

7-21 d old, 10 organisms pe
concentration, 2 replicates
96 h static acute toxicity of
nominal (measured)
concentrations of 0, 6.2
(5.81), 12.5 (11.80), 25
(23.46), 50 (46.80), and 100
(94.83) mg a.i. L.

96 h LGq > 94.83mg a.i I,
96 h EG, (immobilisation): > 94.83 mg a.it
96 h NOAEC: 94.83 mg a.i. L

Dobbs and Frank,
1996a

Midge (Chironomugentan3
(desnitro-IMI)

2 replicates, 10 chironomids
per replicate

96-hour static acute toxicity
nominal (measured)
concentrations of 0, 0.1,
(0.12), 1.0 (0.87), 10.0 (8.19
and 100 (82.8) mg a.it

96 h LGy >82.8 mga.i !

96 h EG, (sub-lethal effects): 17.0 mg a.t-L

96 h NOAEC (mortality and sub-lethal effects): 8.1
mg a.i. L*. Sub-lethal effects included spotted
coloration and erratic behaviour.

9

Bowers, 1996

Midge (Chironomugentans)
(urea-IMI, 6CNA)

16 d old, 10 chironomids perl Urea-IMI: 96 h LGq: > 99.80 mg a.i. L, 96 h EG,

concentration, 2 replicates
96 h static acute toxicity
urea-IMI and 6NCA at
concentrations of 0, 0.1
(0.10), 1 (1.0), 10 (10.04) an
100 (99.80) mg a.i. L

(sub-lethakffects): >99.80 mg a.i't, 96 h NOAEC:
99.80 mg a.i. I*

6CNA: 96 h LGg > 1 mg a.i. [*

NOAEC=1 mg a.i. !

o

Dobbs and Frank,
1996b
Bower and Lam, 1988
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Table 6. Selection of some representative IMI's T#gicity studies on non-target organisms. (contied)

Test organism/tested TP

Exposure/measured endpoint

Toxicity data

References

CELL MODELS

Hamster V79 Cells
(nitroso TP)

doses: -/+ S9: 0.1, 0.3, and ]
mg mL*

cultures harvested at 7 (high
dose only), 18 and 28 h (higl
dose only) after start of the
exposure

chromosomal aberration test

| Cytotoxicity of nitroso TP at the mid and high dose
indicated by a decline in mitotic index and at ttigh
dose by a decline in plating efficiency (-S9 only).

n No increase in chromosome aberrations. Nitroso-|
is not clastogenic in this system under these
conditions.

Heidemann, 1989
MI

CHO-K1 Cells
(nitroso TP)

doses, -/+ S9: 0, 0.25, 0.5 af
1 mg mL*

exposure time: -S9, 24 and 4
h+S9,4 h

chromosome aberrations

nd

1gberrations under -S9 condition.

Possible slight increase in % cells with chromosome

Usamiet al, 1988

Primary Hepatocytes of Male Rats
(nitroso IMI)

0.04, 0.13, 0.44, 1.33, 4.44,
13.33, 44.44, 133.33, 444.44
and 1333.33 mg mt

18 h exposure; 3 replicates

,Severe cytotoxicity observed only above 133.33 m
mL™

gFautz, 1989

Mouse fibroblast M10 cells
(desnitro-IMI)

3 day incubation
up-regulation ofti4p2 AChRs
and mechanisms of up-
regulation

Desnitro-IMI TP gave up-regulation by eightfold an
EGCsos0f 870 and 500 nM, respectively. Determinats
ICsq for densitro-IMI (8.2 nM).

d
ad
Tomizawa and Casida,
2000

Mouse neuroblastoma N1E-115 cell
line
(desnitro-IMI)

30 min (0-180 min)
incubation (0.0001-100QM)
ERK kinase cascade
intracellular calcium (C3)
moblisation

Desnitro-IMI induced ERK activation in a dose-
dependent manner triggered by primary action at t
a4f2 nAChR with an involvement of intracellular
Ca'? mobilisation.

he
Tomizawa and Casida,
2002

To note: Studies performed by Usami al, 1988 and Fautz, 1989 were evaluateduasitceptable, but possibly upgradedbifeCDPR report (2006).



1.5. Biological systemsin vitro and in vivo models

Adequate and reliable data regarding adverse sftgatxposure to chemical
agents are crucial in order to protect human heattth environment. The principal
source of this information involves often the uddaboratory experimental animal
and associated tests. For ethical, scientific asmh@mic reasons, over thirty years
there has been present an intensive debate arargledsow toreduce refine and
replace these animal test8Rs), without compromising the high level of human
health and environmental protection demanded byBhepean Community. For
these purposes in October of 1991 was createdutwpBan Centre for Validation of
Alternative Methods (ECVAM), pointing to a requirent in the Directive
86/609/EEC on protection of experimental animalksdufer scientific purposes. The
Directive 86/609/EEC was subsequently revised apthced by the currently active
Directive 2010/63/EU which has further enforced tble of ECVAM. In addition,
the implementation of the new EU chemicals ReguieREACH (EC, 2006) and the
7™ Amendment of the Cosmetics Directive (EC, 2003}ivated the community for
development of easier and scientifically more i@&aalternative toxicity tests.

In order to understand the mode of action and acteyns of pesticides in
humans or animal organisms we have to relyirorvitro techniques which are
relevant for the development of sensitive eco-tobigical endpoints.In vitro
bioassaysas simplified model systems can, to a certainrgxteplace toxicity tests
on whole organisms and can be used to test the toodential of chemicals or
contaminated environmental samplés.vitro bioassays based on specific cellular
mechanisms measure cellular toxic effects withu$e of cell cultures or transgenic
bacteria or yeast. Cell cultures provide the firsgstem for studying toxic molecular
mechanism, by permitting the cells to be studiedairmonitored and isolated
environment, which regulates their activities. Bngral, the major advantage of cell
line usage is the reduction of the complexity ofdgtsystems, replacement of animal
tests BR9) and offering benefits in terms of ethical consadien. Mammalian cells
belong to tissues, organs and specialised celktypg. neurons) and therefore have
a substantial level of internal spatial complexatycellular activity which results in

definite molecular mechanisms. Primary or stabld caltures maintain their
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intrinsic cell-tissue molecular characteristics athgtrefore can provide tissue-
specific and potentially useful informations on fp@de exposure toxicology. Often
is impossible to transfer obtained mouse/rat fexesffects on humans, so the use of
human-derived cell cultures may offer additionalad&lowever, a major problem of
in vitro systems is that they typically cannot take in agrsition species-specific
differences in sensibility and make difficult totepolate obtained results to whole
organism models. It is often mentioned in literattivat the use ah vitro models is

‘a compromise between convenience and relevancan(®net al.,2003, Pelkonen
et al.,2005; Abbas, 2010).

The understanding of toxicant uptake and respoas@diole organisms, not
only cell, level has also a high ecological impoda and is almost impossible to
completely eliminate the need of organism modelgdatoxicology studies. For a
better evaluation of integrative effects on wholegamisms, validated and
standardisedh vivo assayswith test species from different trophic levela¢teria,
algae and invertebrates) are applied. The useanidatdised and well-established
test (e.g. ISO Standard tests) in laboratory erpamis is desirable as it allows
achieving reproducible and comparable data. Thesaskays measure effects on
parameters such as growth, mortality, reproductiand feeding activity
(conventional endpoints), as well as effects bamednore specific biochemical /
molecular biomarkers.

In addition, the monitoring of health and enviromnheaisks should be
integrated with chemical analyses, screening oflupits and possible TPs
production. For example, the accessibility of LC-kMShniques in modern research
has revolutionised analytical methods used for ahalysis of organic molecules
including pharmaceutically active compounds, vesay drugs and pesticides
(Kusteret al, 2006). The up-to-date LC-MS instrumentation &ecellent sensitivity
and allowed the development of methods that pahmitsimultaneous analysis of at
least 50 pesticides in different samples with teffitiency (Alderetal., 2006).

Throughout this research a battery of eco-toxicoklgassays was applied.
These assays utilised test organisms and cell mdaeh different taxonomical and
organizational level providing a possible comprednes view of the IMI toxicity by
reflecting different species susceptibility to I§4s pure compound or as commercial

formulation) and to its TPs. In this study, theldaling assays adopting a neuronal
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cell line F11 and a bacterial strai typhimuriumwere referred to as: vitro
bioassays related to specific measured endpoitits.t&m n vivo bioassays was
used for assays with luminescent bacteN#irio fischer), algae Pesmodesmus

subspicatusand aquatic crustacea@dmmarus fossarum

1.5.1.In vitro models applied in this research

Neuronal cell line F11- in the field ofin vitro toxicology,in vitro techniques
based on cellular neuronal line models can be tsatalyse the neurotoxic effects
of chemical substances such as pesticides andrtiseinanisms of neurotoxicity. In
this way, the cellular, morphological or functiordanges analysed by the use of
this in vitro models can be associated with mechanisms linkedxio effects. The
objective of thign vitro test was to use immortalised neuronal F11 ced derived
from a fusion between mouse embryonic neuroblaste@&l G-2 and rat dorsal root
ganglion (DRG) neurons (Platile al,, 1985) to better understand IMI toxic mode of
action (Fig. 13). In addition, as little toxicitpdind for IMI in different published
studies, we decide to investigate if IMI could sess sensory neurons that innervate
the skin and that are on of major players of deraxalosure route (likely to occur in
occupational toxicity to pesticides). As their amigDRG are a complex neuronal
population constituted by peptidergic and non-mkgtiic neurons of different size,
expressing different sub-population of neurons gmimegy different molecules.
Peptidergic neurons are characterised by a stroogysis of many different
neuromodulators and inflammatory peptides sucmasronal growth factor (NGF),
brain-derived neurotrophic factor (BDNF), calcitorgene-related peptid€GRP),
substance P, atrial natriuretic peptide, adenadsipbosphate (ATP) and glutamate.
Upon depolarising stimuli, sensory neurons arestratiing sensory environmental
stimuli to the brain, and may undergo to long-lagtactivation that may result in
diseases characterised by hypersensitisation aphmzal fibres. Since IMI is a
NAChR agonist, it is presumed that in F11 cells gperate acting on3 subunit of
NAChRs, which is highly expressed in this cell likedetailed characterisation of
F11 cell model was performed to evaluate IMI eBeah cell morphology/survival,
signalling pathways, and to identify additional mmagisms of IMI's action (e. g.
IMI-induced oxidative stress). On the F11 cell modere tested the cytotoxic
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effects of IMI (as pure compound or as commerciahfi@or 200SL) and also all
four IMI TPs (6CNA, desnitro-IMI, 5-hydroxy-IMI, @fin-IMI).

Figure 13: Image of F11 cell line in culture takeby bright field microscopy (20x).

In vitro bacterial reverse mutation (Ames) test -the bacterial reverse
mutation test uses amino-acid requiring strainS.afyphimuriun(Fig. 14) to detect
point mutations, which involve substitution, adaliti or deletion of one or a few
DNA base pairs. Point mutations are the cause ofyrhaman genetic diseases and
there is substantial evidence that point mutati@amsoncogenes and tumour
suppressor genes of somatic cells are involvednmour formation in experimental
animals and humans. The particular bacteBaltyphimuriumstrain (LT2) with a
deep rough mutatiofrfa) is relatively harmless and is useful in the deteation of
the possible genotoxic potential of several samplas strain is used in Ames test,
an ISO/DIS Standard 16240 (2005) test and is ablenéasure mutagenicity of
chemicals that induce point or frame-shift mutasiaddowever, it is important to note
that the bacterial reverse mutation test utilisekaryotic cells, which are different
from mammalian cells in their uptake, metabolishromosome structure and DNA
repair processes. Therefore, thevitro test such as this one generally requires the
use of an external source of metabolic activatmmproducen vitro derivatives by
liver detoxification enzymesin vitro metabolic activation systems cannot mimic
entirely the mammaliann vivo conditions and often does not provide direct
information on the mutagenic and carcinogenic poteof tested substance in
mammals. Generally, the bacterial reverse mutdgenis rapid, inexpensive, and is
employed as an initial screen for genotoxic anchipaiutation-inducing activity.
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This method was included in our experimental sgjiate to explore mutagenic or
carcinogenic potential of tested IMI, its commekrémmulation and TP (6CNA).

Figure 14: Coloured scanning photomicrograph undarmagnification of 5000x shows numbers of

clustered Gram-negativ8almonella typhimurium bacteria (AP Photo/CDC, Janice Haney Carr).

1.5.2.In vivo models applied in this research

The test organisms incorporated in these&ivo assays included species of
different taxonomic group and different trophicééas microorganisms, plants and
invertebrates.

Bioluminescent marine bacteriaVibrio fischeri — bacteria play an important
role in the environmental fate of applied pestisid®d other chemical compounds.
For over 25 years the luminescent bacteria tedt mérine bacteriunVv. fischeriis
used as a basic bioassay for eco-toxicologicaintgsif chemicals, waste water and
eluents or leachates from soil and sediménfischeriis a Gram-negative bacterium
with a unique characteristic, bioluminescence, Whgcontrolled by a small set of
genes known as thiex operon (Fig. 15). Théux operon is a 9 kb fragment that
consists of genes that code for the subunits ofeliase [UXAB) and for enzymes
(luxCDE) that convert organic compounds to oxidisedssakes.
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Figure 15: Coloured scanning photomicrograph undarmagnification of 8000x o#/ibrio fischeri
bacteria a flagellated, bioluminescent, curved reaped marine prokaryote (Dr. Dennis Kunkel

Microscopy, Inc./Visuals Unlimited, Inc.; with sligt modification).

Luminescence is a chemical reaction in which theyere luciferase oxidises organic
compounds, such as long chain aldehyde and redias®&s mononucleotide, so in
this way releases free energy in the form of bltezg light at 490 nm. The reaction
that takes place Y. fischeriis described schematically in Fig. 16.

The bioluminescence produced by the marine bacteku fischeriis the
basis for ISO standard toxicityoassay that has been used to assess the taxicity
agueous solution of known or unknown samples. Bgfiees in the amount of light
produced (inhibition of bioluminescence) can theref be correlated to the
organism’s metabolism and is proportional to thadity of the tested sample. The
luminescence is the test criterion which is meabaféer a contact time of 30 min
(between bacteria and tested sample) taking intowat a correction factor {Cthat
is derived from the intensity changes of contrahgkes during the exposure time.
The inhibitory effect of the sample on the light ission of V. fischerican be
determined as a 30 min Efvalue (in case that 50 % of inhibition is not read is
possible to determine also the £@alue - concentration that causes 20% inhibition
relative to control). Th¥. fischerilight emission inhibition is measured according to
the ISO-Guideline No. 11348-Part 1-3 (2007) asngefiin a Standard Operation
Procedure (SOP). Measurements can be carried mg freshly prepared bacteria
(Part 1), as well as liquid-dried (used in thiseaash; Part 2) or freeze-dried (Part 3)
bacterial preparations. The ISO guideline 11348 720ecommends testing at least
one of the three reference substances (3,5-digtthermol, potassium dichromate and
zinc sulphate heptahydrate) parallel to each tggtnensure the evaluation of the

toxicity test.
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Figure 16: The net chemical equation of the bactalri luciferase catalysed reaction

(http://www.photobiology.info/Lin.html).

The effect of IMI onV. fischeriwas already assessed by Ti&@erml. (2009)
and showed a 30 min igof 61.9 mg [* for IMI and of 56 mg [* (0.028 % v/v) for
Confidor 200SL, while Kungolost al. (2009) determined an §gof 226 mg L* for
IMI. An additional study was performed by Dell'Apceteet al. (2009) and reported
the inhibition ofV. fischeriluminescence of 32 + 7 % at concentration 80 nddr
IMI. Data relative to TPs include a 30 min &®f 15.1 mg [* for 6CNA (Zabar,
2012). The luminescent bacteria was applied as dehdauring this research to test
three more TPs of IMI (desnitro-IMI, olefin-IMI ang-hydroxy-IMI) which at the

moment were not tested for their possible toxie@H towards aquatic organism.

Freshwater green unicellular algaegDesmodesmus subspicatugmong the
potential test organisms, unicellular green algaecammonly used for toxicity tests.
It is very important to expand the knowledge abbarmful effects of toxic
substances in aquatic environment on growth oflsingll algae, since they are an
important component of freshwater systems, beiegptimary producer of organics
and oxygen in the trophic food chain (Berden-Zrine¢cal, 2008). Any adverse
impact on algae is likely to affect organisms aghler trophic levels and may have
important consequences for the health status of whele aquatic ecosystem
(Franklinet al, 2000). One of the useful ISO/DIS Standard 864®4) test is the

freshwater algal growth inhibition test with singlell algae. This test determines the
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concentration of contaminant which reduces the gra microalgae by the means
of chlorophyll fluorescence measurements. Test rosgas used in this test are
planktonic freshwater algaB, subspicatu¢Chodat) Hegewaldt Schmidt (formerly
Scenesdesmus subspicatkg. 17). This algae species are green algaengelg to
the order of Chlorococcales (Chlorophyta, Chlorophyceaqeand are usually
unicellular in culture. The recommended strains available in uni-algal, non-
axenic culture from SAG (Collection of Algal Culas, Germany), ATCC
(American Type Culture Collection, USA) or CCAP (Cwe Centre of Algae and
Protozoa) collections.

Freshwater algae have been used in several tosititjes (Rivaet al., 2002;
Bengstonet al, 2005). Primarily, the measurement of algae groimthbition of
tested samples is used to evaluate the impacteshicials in aquatic environments.
In this respect, unicellular alg&e subspicatusvere also included in our research to
investigate the sub-chronic toxicity of IMI, Condid200SL and 6CNA

Figure 17: Image ofDesmodesmus subspicatuslgae taken by bright field microscopy (20x).

Freshwater stream scud Gammarus fossarum— Invertebrates having
simple molecular machinery are often used as goodemorganisms to explore
basic molecular mechanisms occurring in alteredsioiiygical states. Particularly,
crustaceans are suitable for biomonitoring in aquaixicity tests due to their
prolific breeding, high abundance in nature andssmity to anthropogenic toxic
compounds in water bodies which they inhabit (Fedea-Albaet al, 2002). In
addition, they are widely distributed, easy to ectland less migratory than fishes.

Amphipodais one of the most diverse and widespread crustaceaders.
They play a key role in the detritus breakdown psscand are commonly used in
freshwater risk assessment (Rinderhaggnal, 2000; MacNeil et al., 2000).
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Moreover, the use of these species is logisticaitgresting because they can be
sampled throughout the year and easily identifrednipulated and maintained/used
in the laboratory foecotoxicological bioassays.

Amphipods (i. e. gammarids) are flattened from swlside and lack of the
carapace covering the thorax. They have seven ditoead six abdominal plated
segments, which support and provide shelter forgili® and other soft parts of the
animal. The head carries two pairs of antennae, sfadk-less eyes, and the
mouthparts (Schram 1989, Barnard and Karaman, 1984 name ‘amphipod’
comes, from having seven pairs of walking legs dficw the first four reach
backwards and the fifth to seventh reach forwafgpical body length for an adult
amphipod is from a few millimetres to a few centires, depending on the species.
The life cycle of gammaridean amphipods typicatipsists of five different periods.
Since the sexes of amphipods are separate, eggdodan the brood pouch of the
females. Unlike most crustaceans, the amphipodsddcee-living larval stage and
juveniles look very much like the adults. Once filneniles are big enough to start
living on their own, they are released. The groaftilfamphipods is connected to the
change of the rigid exoskeleton. After a varyingdiperiod and a certain number of
moults, juveniles achieve characteristics typioaheir sex.

G. fossarumKoch. 1835is one of most abundant species in freshwater
ecosystems in Slovenia (Fig. 18). They are traeslucslightly brown benthic
animals with alternated periods of swimming andgkmperiods of burrowing or
crawling. Gammarids are often found in high deasith headstreams where they are
an important reserve of food for vertebrates, fish, bird and amphibian species
(Friberget al, 1994; MacNeilet al, 2000). They are an important component of
freshwater ecosystems since they play a key roleainlitter breakdown process and
are important for material transfer in the food wktacNeil et al, 2000; Maltbyet
al., 2002).

52



Figure 18: Image of stream scu@Gammarus fossarum(Peter Balej; http://www.biolib.cz).

All these previously described facts explain whypaipods are often used in
eco-toxicological studies and why this organism eisdvas included in this study.
Furthermore, crustaceans as well as insects bdtwragthropods and due to this
crustacean-insect relationship they could presepbtantially suitable non-target
group for IMI testing (Strausfeld, 1998). In gergeraquatic biota is extremely
variable going from uni- to multi-cellular organismrhus for aquatic eco-toxicity
testing is essential to use a battery of bioassgy®senting differences in sensitivity

of different test organisms from various trophiedis to cover this variability (Fig.

19).

Primary producers

Desmodesmus subspicatus

Primary consumers

Detritus feeders /

Shredders

Destruents

Vibrio fischeri

2

Gammarus fossarum

Figure 19: The use of a battery of bioassays invoty different model organisms from different

trophic levels as an essential tool for predictiaglverse effects to the aquatic ecosystem. (Kiehle e

al., 2011; with slight modifications)
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1.6. Biological effects and responses: multi-biomker approach

The use of molecular biology and biochemical meshimdunderstand toxicity
mechanisms provides ecotoxicologist useful toolscvipermit them to investigate
possiblebiological effectsor responsesdue to the impact of all pollutants released
from both natural and anthropogenic sources in tagjgaosytems (Carajavillet al,
2000; Sarkaret al, 2006). To analyse such toxicological, biochemieaid
physiological process is useful to measure spedsifmarkers.Biomarkers are
defined as quantitative measures of changes ibithegical system that respond to
either (or both) exposure to, and/or doses of x@Eticbsubstances that lead to
biological effects. They show the interaction bedwebiological system and
potentially harmful chemical, biological and phydicaction (WHO, 1993).
According to the NRC (1987) and WHO (1993), bionasiskcan be subdivided into
three classediomarkers of exposure, of effect and of susceptility. The use of
term biomarker is often restricted to cellular, diiemical, molecular, or
physiological changes that are measured in cebisly Hluids, tissues, or organs
within an organism and are indicative of xenobi@xposure and/or effect changes
that occur at the organism, population and moreptexnevels. One of the functions
of biomarkers is to provide early warning signaidmlogical effects, and that it is
generally believed that sub-organismic (molecutaochemical and physiological)
responses tend to precede those that occur atismgan higher levels (Fig. 20).
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Different biomarkers were used in order to testepbal adverse effects of
IMI and its related compounds on model systemsrdest in sections 1.5.1 and
1.5.2 of this manuscript. The selected biomarkeckided in this study are described

as follows:

IN VITRO MODELS

* Bacteria S. typhimurium

- mutagenicity potential

* Neuronal F11 cell line
- survival/cytotoxic effects
- structural/morphological parameters

- molecular/sub-cellular parameters

IN VIVO MODELS

* Marine bacteria V. fischeri

- bacterial luminescence inhibition

* Unicellular green algaeD. subspicatus

- rate of algae growth inhibition

* Amphipod G. fossarum
- mortality rate
- oxidative stress parameters (e.g. enzyme activity)
- multixenobiotic resistance (MXR) mechanism

- behavioural endpoints
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Hierarchial Responses to Ez'“g“"' i
Environmental Stressors

sessmenl
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Figure 20: Hierarchical responses to environmentstressors (Adams, 1990).

Biochemical biomarkers (stress enzymes) as indicatiostressful effects

Different classes opesticides may be related to enhanced production of
reactive oxygen species (ROS) or reactive nitrogpacies (RNS) which could
contribute to the toxicity of these compounds (Bpaeeet al, 2001). Basic cellular
metabolism in aerobic organisms involves the prodomf oxygen free radicals and
non-radical ROS (Halliwell and Guttridge, 2007). eThmbalance between the
generation and the neutralisation of ROS by ardiexxi mechanisms within an
organism generates tlxidative stress(Livingston, 2001; Valvadinigt al, 2006)
(Fig. 21).Pesticides are known to induce oxidative stress by:

* induction of ROS production as by-products of déjaxg mechanisms,

» alteration of normal mitochondrial respiration pgeses or

* by their own reduction/oxidation properties.
Pesticide induced oxidative stressn than provoke oxidant-mediated effects (such
as increased activities of antioxidant enzymes)@tdant-mediated toxicities (such
as oxidation of lipids, mutations or cell deathpifZaet al, 2007; Tebourbet al,
2011). Enhanced ROS are also implicated in pestitiduced neurotoxicity, based
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on their role in biochemical changes that give tsseeuronal cell damage and death
(Jia and Misra, 2007). Moreover, oxidative stregkiced by pesticides could be one
of the sources for neurodegenerative disorders aschAlzheimer’'s or Parkinson’s
disease (Bogdanaet al, 2001; Huangt al, 2004).

The primary line of defence is offered by generglaidant systems, which
have been demonstrated to scavenge ROS and frealsadlhere are essentially
three systems which include: (i) water soluble otants (e.g. glutathione,
ascorbate), (ii) lipophilic reductants (e.g-tocopherol, orp-carotene) and, (iii)
enzymes (e.gcatalase, peroxidase or superoxide dismutase). BErerpoint of view
of biomarkers, a condition of oxidative stress t@nshown through evaluation of
specific biomarkers of oxidative damage to macra@owles such as lipids, proteins
and nucleic acids (Woet al, 2006). Generation of ROS and their action affects
antioxidant enzymatic activities, lipid peroxidati@nd mitochondrial function. In
addition, oxidative stress by environmental poltisaactivates several signalling
molecular pathways such as: MAPK pathways or egthdar signal-regulated
kinase (ERK) which is involved in cellular apopt®sicell death (Ket al., 2012).

GSH __ GSSG

o g =
GSH Peroxidase

Oxidative Damage
Protein
Lipids
DNA

Figure 21: An unbalance between the production ofopoxidants and antioxidants in cell might
lead to strengthened production of ROS which colésd to serious cellular damage (Wakamatsu
et al., 2008).
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In fact, even if pesticide toxicity is often restad to their mode of action, as
in case of IMI to insect neuronal transmitter re¢oegq it is important to expand our
knowledge regarding other provoked mechanisms (@S production) which
could contribute to the toxicity of this insectieidn this research, in order to have a
better understanding of the toxic action of IMI aitsl TPs the involvement of
induced ROS production was investigated by measemenof oxidative stress
biomarkers such as antioxidant enzyme catalase JCA€toxifying enzyme
glutathioneS-transferase (GST) and the levels of lipid perotiada(LP) damage in
non-target aquatic organisr@.(fossarum (Malev et al, 2012) and in neuronal F11

cell line.

CAT is one of the antioxidant enzymes and an esseaigfance against the
potential toxicity of superoxide anions like hydybfree radical. CAT extensively
decomposes hydrogen peroxide formed during oxidastress (Winston and Di
Giulio, 1991). A change in CAT activity is often amdicator of a cellular damage
after exposure to chemicals, and therefore it isiciered as an early environmental
stress biomarker in different cases. Most studiesua CAT activity focus on
organisms after exposure to pesticides, hydroca(Boown et al, 2004) and heavy
metals (Laszczycat al, 2004).

GST belongs to the class of phase Il detoxifying engyrthat catalyses the
conjugation of glutathione with xenobiotics andatgkic aldehydes produced during
lipid peroxidation (Banerjee et al., 2001; Bebe d&whemangalore, 2005). GSTs
enzymes catalyse the reaction of xenobiotic comgsuwnith the -SH group of
reduced glutathione (GSH), thereby neutralisingirthgectrophilic sites and
rendering the products more water-soluble (Edwatdsl, 2000). In addition to
catalysing GSH conjugation, GSTs also exhibit ghitme peroxidase (GSHxP
activity, which suggests a role in protection aghioxidative stress. Consequently,
GST activity it is a potential biomarker of a ddafation process induced by very
large number of pollutants capable of generatiniglaiwe stress. For example, in
insects, GST has been induced by exposure to a erunfbchemicals, including
pesticides, such as lindane (Lagaetial, 1993), paraquat (Parkes al, 1993) and

oxadiazolone (Hunaiet al, 1995).

58



LP is considered an oxidation-related biomarker andepresents the
negative effects caused on the lipid membranes®$.R.P occurs when the natural
antioxidant defences are overcome and fatty acdrdiperoxides formed with the
consequence of membrane and membrane-bound enzigsebilisation (Portest
al., 1995; Lindenret al, 2008). One of the consequences of oxidativesstig the
peroxidation of lipids. Lipid peroxides, deriveain polyunsaturated fatty acids, are
unstable and decompose to form a complex serieomipounds. These include
different reactive carbonyl compounds of which thwst abundant is called
malondialdehyde (MDA) and is used as a marker ofihduced by xenobiotic
stressors (Del Riet al, 2005). The most widely used assay for lipid getation is
the thiobarbituric acid reactive substances (TBARf&thod (Drapeet al, 1993).
MDA as a secondary lipid peroxidation product imlbgical samples reacts with
thiobarbituric acid (TBA) under strong acidic cotmaih and heating. This reaction is
actually the formation of a pink-colour product @ABIDA) which can
consequently be measured by the colorimetric metthg#tkesfeldt, 2007). The
detailed reaction is shown in Figure 22.

HS OH
00
N
OH
TBA MDA

Figure 22: Schematic illustration of MDA-TBA reactin and formation of a colour product
(Janero, 1990).

product

AChE is often used as a biochemical biomarker that atdi stress effects
due to pesticide exposure. AChE plays a key rolaegulation of cholinergic
nervous transmission. It is responsible for therbiytic degradation of ACh, which
is the primary neurotransmitter in sensory and omuscular systems in most
organisms. The active site of AChE contains a sehiydroxyl group that binds to
anticholinesterase insecticides (with structureilaimto Ach), which inhibit the
AChE, generating a phosphorylated unreactive enzyntecausing serious damage
to neuronal structuresAChE inhibition leads to overstimulation of the weus

system, which results in neurotoxicity and cellud@ath.Monitoring studies based
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on the inhibition effects are majorly related t@ thresence of organophosphorus
insecticides and carbamates (Fulton and Key, 20Bbwever, evidence of the
modulation of esterase activities by other orgahiemicals (e.g. surfactants), metals
and indirect alteration by neonicotinoids (e.g. JMhs been described (Jiéa al,
2005; Dondercet al, 2010). In our study we tested possible indiredtibitory
effects on freshwater amphipods exposed to IMI @Maet al, 2012). This
measurement was also performed on gills of neanigiok exposed mussels and
showed an interesting outcome and change of AChitgdDonderoet al.,2010).

In this study was observed a significant inhibitiah the lowest and at the
intermediate tested IMI concentration.

Morphological, sub-cellular and molecular changes andicator of stressful effects

In the test that involved IMI testing on neuronallFcell model was
evaluated not only the final endpoint ©éll survival (cytotoxicity), but also sub-
cellular and molecular factors which can be evolkpdn cell exposure to stressful
stimuli. Immunofluorescence (IF) appears as a pfuar vitro technique to assess
susceptibility of different cell to xenobiotics. idg the IF method is possible for
example to detect endogenous proteins inducedffreit contaminants (Marsit
al., 2008) as well as alterations of cellular ultrasture (Liuet al, 1996; Segner and
Braunbeck, 1998). In our case was possible to tlétecchanges in the cell
cytoskeleton (i.e. actin, tubulin, intermediate filaments) aather ultra-structural
alterations. One specifically studied example waschondria that are not only an
important source of cellular energy but they alsesprve intracellular Galevels
and regulate calcium dependent cytotoxicity (Fosteal, 2006). Various alterations
in the number, size shape anmdtochondria membrane potential can occur in
different stressful conditions and can be deteatdonly ultra-microscopy analysis
with (transmission electron microscopy; TEM), blgoawith the usage of specific
molecular dyes (e.g. JC-1) detectable with opticghging as performed in this
research.

Standard high priority targets other than the abasmtioned cytoskeleton
proteins were also P-glycoprotein. Organisms ptoteglular targets via efflux

transporters, such as P-glycoprotein (P-gp) andidnudy resistance protein (MRP)
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present in cell membranes (Cole and Deeley, 1968ichtt, 1989). P-gp are ATP
dependent transport protein which limit the perniléglof xenobiotics into the cell,
and recognise or eliminate potentially cyto- anchajexic metabolites produced
during metabolism/detoxification of these compouliDeeleyet al, 2006). This
system has been termatlltixenobiotic resistance (MXR) mechanismin aquatic
organisms and may be induced or inhibited by aetamf chemicals (Bard, 2000;
Kurelec, 1992). MXR mechanism, mediated by thevéagtiof membrane efflux
transporters, represents a first line of defenceagumatic organisms exposed to
environmental contaminants.

Immunochemical analysis with mammalian monoclonatib@dy to cross
react with P-gp counterparts has been used totdéepresence of P-gp in aquatic
organisms (Sauerborn Klotar, 2010; Bardet al 2002; Cooperet al, 1999).
Expression of MXR proteins is often reflective aénobiotic levels to which an
organism is exposed (resistance to environmensahgas likely conferred by the
overexpression of these proteins).

Another common method to detect MXR activity isotingh dye exclusion
assays This assay applies specific fluorescent dyesdahune B, rhodamine 123
and calcein AM) to test the ability of cells to exte a known MXR substrate. Under
normal conditions with fully functional transpordethe applied dye is readily
expelled from the cells giving low fluorescenceuead. On contrary, when MXR
efflux function is compromised by the use of an MXRibitor the fluorescent dye
accumulates within the cell (Fig. 23). Dye exclusiassays are relevant for
evaluating chemicals, such as environmental comiants, for their ability to inhibit
MXR. This methodology was applied also in this eeshto investigate the MXR
mechanism in aquatic amphipods stressed by nearowmbtinsecticide IMI and its
TP 6CNA. In addition was test also a possible syiséc effect of heavy metal
(copper) and IMI or 6CNA.

Copper-based compounds are intentionally introductas the environment
as killing agents for fungi and algae. One of theper based compounds mostly
present is copper sulphate (Cup@hich can be found in most running waters.
CuSQ is in large amounts used as fungicide in agricaltespecially in viticulture
as an agent to protect grapes against bacteri@amappear concurrently with IMI

in the environment. Copper (as copper oxychlorideapper hydroxide or copper
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sulphate tribasic) as foliar fungicide with proteet action and IMI as systemic
insecticide with protective and curative action alleused in potatoes, tomatoes and
numerous vegetable (Tomlin, 2000). It is also usedn algaecide and herbicide in
irrigation and municipal wastewater treatment. €rathmes of its commercial
formulations are AgritoX BasicafS, and Bluestorie Copper may be released and
become free to catalyse the formation of highlyctiee hydroxyl radicals and
initiate oxidative damage (Gaetke and Chow 2003p®Bet al, 2008). CuSQis
water soluble and it doesn’t have additional saiv@mmetabolite that can be toxic to
animals. It presents seasonal applications, so gty instant concentrations can be
locally observed in freshwaters (de Oliveira-Fiksioal, 2004). Gravest al. (2004)
found copper concentrations up to 77.4 migWwhich were attributed to the wide use
of several forms of Cu as fungicides for tomatoed direct application of copper

sulphate as an algaecide or herbicide in golf asyiakes and ponds.
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Figure 23: (A) Cell with normal MXR function wherdransporters recognise the fluorescent dye
and expel it from cell which has a low fluorescenwalue. (B) Cell with disrupted MXR function
exposed to an MXR inhibitor or chemosensitizer anwwlate the fluorescent dye leading to higher

cell fluorescence. (Epel et al., 2008 with slighbdifications).

MXR inhibition, can occur when there is an abun@aotsubstrates present,
leading to saturation of the efflux system. In thiase the pumps become
overwhelmed and chemicals are accumulated withénatll (Epelet al, 2008).
Another way is through chemicals known as “chemsiiegers” (inhibitors,
modulators) which inhibit MXR function and thus repent specific environmental
contaminants. A wide range of pesticides have lskewn to act as MXR inhibitors.

Presence of chemosensitizers in the environment imagase the absorption of
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xenobiotics and consequently their cellular toxaéluence in organisms causing
harmful physiological/pathological damage (Zejaal, 2006).

Cells possess adaptive mechanisms to counteracbemental stresses and
stimuli that can continuously occur. Usually, thessstems may be divided in
different categories which include some of the mesly mentioned mechanisms
such as nucleophilic trapping processes (catalpse@STs) or efflux transporters
that export toxic compounds or metabolites (MXR).general, induction of these
protective responses requires different component®f which isnuclear factor
(erythroid-derived 2)-like 2 (Nrf2), a transcription factor responsible for the
induction of downstream genes involved in cell patibn from deleterious effects of
oxidative stress. Nrf2 target genes encode phadetdixifying enzymes, antioxidant
proteins, ABC transporters, scavenge receptorspertbae proteins, and so forth
(Kobayashi and Yamamoto, 2005). Under normal camast Nrf2 is sequestered in
cytoplasm by a cytoskeletal protein, Keapl. Sitratis modified under stressful
conditions, when electrophiles and/or ROSs caussodiation of Nrf2 from Keapl.
As a consequence, Nrf2 is translocated to the nacMhere leads to the activation of
cytoprotective genes involved in electrophile cgajiion, excretion of xenobiotics,
ROS scavenging and stabilisation of cellular regdotential. The activation of the
Nrf2 — antioxidant response element signalling wathis a major mechanism in the
cellular defence against oxidative or electrophdlicess. Interestingly, mutations in
Nrf2 gene, and lack of Nrf2 function in rodents anchumans, has been associated
to many chronic diseases (Hayes and McMahon, 2008 of Nrf2 transcription
factor in cellular response to oxidative stresgrafMl exposure was used in this

research as an ‘indirect’ marker of IMI-induce atigle stress.

Molecular changes after the influence of variouessiors can induce multiple
signalling pathways represented by the one stirdlbymitogen-activated protein
kinases (MAPK) - ERK, JNK and p38 family members. MAPK are memhsra
family of serine/threonine protein kinases actidatey dual phosphorylation at
threonine and tyrosine positions (188 and 190, eesgely). These MAPKs are
implicated in cellular processes such as gene atigal metabolic reactions, cell

proliferation/differentiation, cell mobility and suval or death (Roux and Blenis,
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2004). A thoroughly and comprehensive review threfions of MAPKS is presented
by Geritset al (2007). In general, these kinases are importantlicit signal
transduction and nuclear factor activation resgaadior controlling the expression
of individual genesTo test mechanisms of IMI acute toxicity was eviddathe

induction of downstream pathways like p38 MAPK &tkein F11 cell model.

Mutagenicity parameters as indicator of stressfiifexts

Many environmental chemical pollutants in the aguatosystems have the
capability to harm and change genetic materialat@iral biota. At molecular levels
DNA is one of principal site of xenobiotics actigirenzilli et al, 1999), so the
assessment of DNA damage is of primary concern vdeermining the pollution-
related stress in living organisms (Klaglawm et al, 2003; Malevet al, 2010;
Klobucar et al, 2012). Maintenance of DNA integrity is extrematyportant for all
living organisms, which have developed useful anffe@nt mechanisms for
protection of genetic material. Genotoxic substancan cause effects such as
carcinogenesis, teratogenesis, embryotoxicity dé agea suite of health disorders
referred to as genotoxic disease syndrome whichasifested as impaired enzyme
function, enhanced protein turnover, impairment umen responses, production of
initiators of cytotoxic injuries, inhibition of gmth, decreased fecundity and faster
ageing that can have adverse effects on stabifitgcosystems (Kurelec, 1992).
Mutagens are the most dangerous compounds presenbsystems, because at low
concentrations their effect can have consequenicégher levels of organisation
that extend for several generations (Bolognesilaagan, 2001). Furthermore, most
chemicals exert their effects via both genotoxid aretabolically toxic mechanisms
operating simultaneously. Therefore, there is anemsing need for sensitive assays
to monitor the genotoxicity and mutagenicity of tBavironment. One of these
standardised assays called Ames test was alsoedpiplithis study to assess the

mutagenic potential of the tested neonicotinoid pounds.
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Behavioural endpoints

Measurements in this category include assessmémshavioural responses
to exposure such as feeding, mating, parental cargl other behavioural
modification. Behaviour is considered as a useajal tnh ecotoxicology since is one
of the early warning indicators of toxicant strggestanaet al, 2009). During
experimental exposure analysed individual biochahbitomarkers should be linked
to behavioural responses whenever this is pos¢Xilereb et al., 2009; Hellou,
2011). A potential advantage of tested behavioenalpoints is in the detection of
novel chemicals or chemicals with neurological ele(e.g. IMI), which may
provoke more pronounced behavioural changes befteets are detectable at other

levels of biological organisation.

65



1.7. Experimental research design

Figure 24: Schematic diagram of the experimental siign with tested models and measured
biomarkers after exposure to IMI and its TPs durirthis research.
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1.8. Experimental research objectives

This research project intends to provide a fulkyme of IMI mode of action
and its possible harmful effects for the environtnand non-target groups of
organisms (biota or human). During this study wesppsed the application of a
battery of eco-toxicological assays which includedteria, algae, invertebrates and
mammalian cell culture to test the toxicity potahtf IMI and it TPs. In addition,
these assays were integrated with the measurenesgveral biomarkers such as

biochemical, molecular and physiological responses.

Main objectives of the research project were:

» testing of acute and sub-chronic IMI effects onchemical, survival and
growth parameters in non-target organisms: amphifg&d fossarum
unicellular green algaP. subspicatusand bacteria/. fischeri(a battery of
test organisms from different taxonomic and tropeie| was selected);

e comparison of IMI effects with effects of its commmial formulation
Confidor 200SL and its TPs (6CNA, desnitro-IMI, fakelM| and 5-hydroxy-
IMI);

* better understanding of the involvement and impEctMI-induced ROS
production and consequent oxidative stress in apgah. fossarumand in
neuronal F11 cells;

» screening of the IMI, Confidor 200SL and 6CNA mugaig potential;

* investigation of toxic effects of IMI, Confidor 28Q and IMI’'s four TPs on
survival of neuronal F11 cells and its moleculaspenses discovering the
mechanisms with which cells protect and activatesstpathways;

» determination of the utility oin vitro cell model systems represented in this
study by mammalian neuroblastoma F11 cell lin@kiain information about

the specific toxic mode of action of IMI.

The use of a multi-test approach was applied, affatds a complete screening
of the eco-toxicological values of IMI (as pure qmund and commercial mixture)
and its transformation products.
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2. MATERIALS AND METHODS

2.1. Chemicals

Tested compoundsIMI was purchased as the Pestanal® grade chemical
(99.8 % purity; Sigma-Aldrich, UK), and as a comaiar formulation known as
Confidor 200SL (200 g t of IMI a. i. form Bayer Crop Science Slovenia, lbjjiana,
Slovenia). 6CNA was obtained as pure compound (97frém Fluka (Sigma-
Aldrich, Switzerland). Desnitro-IMI, 5-hydroxy-IM&nd olefin-IMI were a courtesy
from Bayer Crop Science Germany. Molecular weightgi mol* of all tested
compounds are as follows: IMI (255.66), 6CNA (1%j,5desnitro-IMI (247.13),
olefin.IMI (271.66) and 5-hydroxy-IMI (253.65).

Chemicals for the HPLC-DAD and LC-MS analysesacetonitrile
CHROMASOLV® and methanol CHROMASOLY for HPLC grade (Sigma
Aldrich), double deionised water (< 18(Mcm) prepared through the NANOpure
water system (Barnstead, USA) and acetic acid@la€i0 % p.a. from Merck.

Chemicals for total organic carbon (TOC) and totahitrogen (TN)
analyses:potassium hydrogen phthalate was purchased frorma Adsar GmbH,
ammonium sulphate from Flukaydrochloric acid 37 % puriss. p.a. from Sigma
Aldrich Company Ltd.

Chemicals for biochemical biomarkers measuremeail obtained from Sigma
Aldrich: dibasic and monobasic potassium and sodpmosphate, 5,5-dithiobis-2-
nitrobenzoic acid (DTNB), acetylthiocholine iodidé&;chloro-2,4-dinitrobenzene
(CDNB), L-glutathione (reduced form), hydrogen peroxide (BO%®vine serum
albumin (BSA), Bradford reagent, trichloroacetiada¢TCA), thiobarbituric acid
(TBA), malondialdehyde tetraethylacetal (1,1,38aethoxypropane) (MDA
standard), butylhydroxytoluene (BTH), 96 % ethariehutanol, hydrochloric acid
(37 %).

Chemical for MXR dye exclusion assagll from Sigma Aldrich: rhodamine
B, verapamil hydrochloride, cyclosporine A and piteste buffered saline without
cd* and Md* (PBS).

Chemicals for algal growth inhibition teststandard growth and nutrient
medium of the ISO Standard 8692 (2004) preparedrdogy to the protocol using
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double deionised water and analytical grade chdsjipatassium dichromate puriss.
p.a. (Sigma Aldrich).

Chemicals for Ames testgrowth and exposure medium according to the
standard protocol ISO 16240 (2005). Additional cloats all from Sigma Aldrich:
2-aminofluorene (2-AF; Sigma Aldrich), methyl metlesulphonate (MMS 99 %;
Sigma Aldrich), N-methylpirrolidone, ampcillin sodium salt, citric cid
monohydrate, dimethyl sulfoxide (DMSO)S-nicotinamide adenine dinucleotide
phosphate sodium salt hydrgddADP) andL-histidine.

Chemicals for bacterial luminescence inhibition tesodium hydroxide p.a.
from AppliChem, sodium chloride from Carlo Erba Beati, hydrochloric acid 37
% puriss. p.a. from Sigma Aldrich Company Ltd..

Chemicals used with neuronal F11 cell modedupplied from PAA-Austria:
Dulbecco’s modified Eagle’s medium (DMEM) - highugbse (4.5 g 1) with L-
glutamine (with and without Phenol red indicatdoetal bovine serum (FBS) heat
inactivated, penicillin/streptomycin 100 x. Purcb@drom Sigma Aldrich: trypsin-
EDTA solution 10 x , poly--lysine hydrochloride (PLL), thiazolyl blue tetrdzon
bromide (MTT salt), 46-diamidino-2-phenylindole dihydrochloride X 98 %;
DAPI), N-acetylL-cystein (NAC), mixed tocopherols (vitamin E), Nréatibodies,
and phosphospecific p38 (P-p38), while ERK1/2 (RKERfrom Cell Signalling
Technology Inc. From Life Technologies were obtdinetheat germ agglutinin
conjugates (WGA) Alexa FluBr488 conjugated lectin, Alexa FIfo594 phallodin,
5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl benziazidlyl carbocyanine iodide (JC-1),
SB203580 (p38 inhibitor) and Alexa Fl{fo594/488 anti-mouse or anti-rabbit IgG
dyes (secondary antibodies).

All used chemicals were of the highest commerciallgilable grade.
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2.2. Analytical chemistry methods: HPLC and LC-MS

Residues of IMI and its TPs were extracted fromlyemaal cell/invertebrate
organism samples. Briefly, the samples were precesssing a mixture of
methanol/water (3:1; v/v) with previous pre-treatinthat includes homogenisation
or lysis. After extraction the samples were filte(®.45um pore size) and injected
into the HPLC, chromatographed under isocratic neae phase conditions and
detected by MS with electrospray ionisation, inc¢hee of LC-MS.

To ensure reliable toxicity data, the stabilitylbfi and 6CNA was checked.
The exposure was confirmed measuring the concemtsabf the specific chemicals
at the beginning and end of the experimental tuatjer the same condition as all
toxicity tests (described in Sections 2.3.1; 24.2nd 2.4.2.2). IMI and 6CNA
samples were taken in duplicates and all determmatwere performed in three
experiments.

IMI and 6CNA were extracted with the use of the wmVcentrifugal
concentrator Modular Series (Genevac). The waters veaaporated (under
maintained vacuum conditions at 70 °C for approxatya200 min). The dried
leftover was re-dissolved in 5QQ. of double deionised ¥D. All prepared samples
were stored in glass vials under dark at 4 °C wsubjected to HPLC-DAD (UV-
Vis). Previous procedure was applied for sampleth lower concentration of
chemicals (used for tests with amphipods), whilagas with higher concentration
of chemicals (used for tests with algae and F11) eetre analysed immediately
without pre-concentration step. For quantificatpurposes, calibration curves were
prepared in the appropriate concentration range. fTialue of the regression line
for IMI was 0.9999 and for 6CNA was 0.9996.

Aqueous solutions of IMI and 6CNA were analysedHLC-DAD (UV-
Vis) consisting of an Agilent 1100 Series chromsaapd, coupled with a DAD
detector operating in the UV-Vis range. The sepamatvas achieved using a Zorbax
C8 column (250 mm x 4.6 mm) filled with a statiopghase Chromasil 100 (pore
size 5um, end-capped) produced by BIA Separations d.8loyenia. The column
thermostat was maintained at 25 °C and injectidame was 75uL. According to
Zabaret al. methods for IMI (2012) and 6CNA (2011) detectioara applied. For
IMI detection the eluents consisted of 30 % acetibmi(A) and 70 % acetic acid
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0.75 % viv (B); isocratic elution; flow rate wasrL min. The wavelength was 270
nm and the retention time was 8.9 min. While fa@ GCNA detection the eluents
consisted of acetonitrile (A) and acetic acid 1.5/&6(B); flow rate was 1 mL mih
The gradient elution was as follows: 0—-16 min 15A%16—-20 min 70 % A. The
wavelength was 242 nm and the retention time fddA@as 13.2 min.

2.3.In vitro models

2.3.1. Neuronal F11 cell line

F11 cell lines were grown in DMEM (4.5 g tglucose; withL-glutamine)
and penicillin/streptomycin (10,000 units fhLpenicillin and 10 mg mt
streptomycin in 0.9 % sodium chloride), suppleméntgth 10 % (v/v) of heat-
inactivated FBS in a humidified cell culture inctdraat 37 °C under 5 % G(as a
buffer system.

For cell culture and experimental exposure Fllsagdre plated at 1-5 x 410
cells/cnf (corresponding to 5,000-20,000 cells/well) on efiét types of tissue
culture plates (uncoated 48 or 96-well; based decssl method) in DMEM
complemented with 10 % FBS and were grown for d&fore being used. In 6-well
plates F11 cells were plated at 2 X télls/cnf (70 000 cells/well). For microscope
cell imaging cells were plated on plastic Petrhéis (35 mm x 10 mm) with PLL (10
ng mLY) pre-coated glass coverslips at a concentratid® fL0 of F11 cells mr*
(initial density of 9000 cells per 12-mm glass aslip) in DMEM medium
complemented with 10 % FBS and were grown for ®éflore being used.

Cells were exposed to vehicle (0.004 % v/v; DMS@pa as control group
and to a.i. IMI, Confidor 200SL, 6CNA, desnitro-IM3-hydroxy-IMI and olefin IMI
solutions as exposure groups for 24/48 h. A statition of 1 M IMI and 6CNA
(255.6 g I and 157.5 g 1), as well of all TPs, was prepared in DMSO (sdltybi
of IMI in DMSO is >200 g [*) with constant mixing until complete dissolvinché
test solutions were prepared by adding an appttepvizlume of the stock solution in
the culture medium to achieve final exposure cotragons. For all compounds was
prepared an equal molar concentration range exgtels corresponding mg™L

values as presented in Table 7. The toxicity ofkm@o-formulants incorporated in
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Confidor SL 200 (as negative control — a solutioonsisting of 38.4 % of
dimethylsulfoxide (DMSO), 37.5 % dfl-methyl-2-pyrrolidone (NMP) and 24.1 %
of DMEM in place of IMI) was also tested in the samange as Confidor 200SL (% ;
v/v). For Confidor 200SL the final concentrationgre corresponding to 0.0001-
0.5% (v/v) which contained 0.25-1022.4 m§ &f a.i. IMI.

In certain experiments, cells were pre-treated WHiicetyl cysteine (NAC; 1
mM, 30 min), mixed tocopherols (vitamin E; 1 mM, 3dn) or with the p38
inhibitor SB203580 (1QuM, 30 min), to block possible IMI effects and seééet

molecular pathways.

Table 7: Selected concentration range for all tedteompounds during experiments with F11 cell

culture.

uM'Img L IMI Confidor 200SL 6CNA  desnitro-IMI  olefin-IMI  5-hydroxy-IMI

: (a.i. IMI; % viv)
1 0.25 0.25 (0.0001) 0.15 0.25 0.25 0.27
30 7.6 7.6 (0.003) 4.7 7.4 7.6 8.1
100 25.6 25.6 (0.012) 15.7 24.7 25.3 27.2
200 51.1 51.1 (0.025) 31.5 49.4 50.7 54.3
500 127.8 127.8 (0.06) 78.7 123.6 126.8 135.8
1000 255.6 255.6 (0.12) 157.5 247.1 253.6 271.6
4000 1022.4 1022.4 (0.5) 630 988.5 1014.4 1086.4

"To note:in the graphical representation of F11 results atiplied concentrations were shown as molar values.

Equal molar concentrations were applied for bettemparison of data.

2.3.1.1. MTT cytotoxicity assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl teizolium bromide) assay
was used to measure the amount of metabolicallyeactlls. Indirectly the assay
can also determine cytotoxicity and growth ratee MTT assay is based on the
protocol described for the first time by Mossmard®83) and is based on the
conversion of yellow MTT to the purple end-proddormazan by succinate-
tetrazolium mitochondrial reductase, a system lte&ings to the respiratory chain of
metabolically active cells (Fig. 25). This assaysvegtimised for the F11 cell line

and used in this study.
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Figure 25: Scheme showing the reduction of MTT tatolium salt to formazan

(http://en.wikipedia.org/wiki/File:Mttscheme.png).

For testing the cytotoxic effects of IMI and its SiRassays of viability were
performed in 96-well cell-culture plates. Cells eereeded at a density of 3 x*10
cells/cnf (10,000 cells/well) and cultured for 24 h beforsriy exposed to all tested
chemicals in the selected concentration range €raplin addition, only in presence
of IMI (1000 uM; 255.6 mg * and 400QuM; 1022.4 mg [*) for 24 and 48 h, cells
were pre-treated witiN-acetyl cysteine (NAC; 1 mM, 30 min), mixed tocopiie
(vitamin E; 1 mM, 30 min) or with the p38 inhibit&B203580 (1M, 30 min).

Briefly, for the purpose of MTT experiments at #el of the exposure in 96-
well microplates (for 24 and 48 h) cells were inaigd for 2 h with 50Q.L of 0.5
mg mL* of MTT solution in DMEM cell medium without phenokd. After the
incubation period, the MTT solution was carefullgcdnted off and formazan was
extracted adding 220L of DMSO in each well with gentle shaking for Smmntil
complete dissolution was achieved. The plates wesxé at 550 nm (test wavelength)
and 630 nm (reference wavelength) using Tecan H&00ite multiplate reader
(Tecan Austria GbmH, Austria). Each group was ru@ ior 3 wells and each assay
was triplicated (n=9). After analyses the absorbamalues and all results were
presented as percentage of the control valuesilityatontrol; % of cell survival).
Percentage of cell survival and in this case toxiaof the tested compounds is

expressed with the following relationship [1]:
% of cell survival =

[Absorbance (570 nm) tested compound / Abdmnce (570 nm) control] x 100 [1]
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2.3.1.2. Biochemical biomarkers assays in F11 cells

F11 cells were cultured in 6-well plates F11 at AQ cells/cnf (70 000
cells/well) in DMEM medium supplemented with 10% $Br 24 h before addition
of the various tested compounds (Table 7). All gsseere run in three separated and
repeated experiments (n=3), each with two or thepicates.

LP was estimateth vitro after the formation of MDA, a major by-product of
LP that reacts with thiobarbituric acid (TBA). LPasvmeasured as TBARS release
into the culture medium. After pre-culturing, celere incubated for 24 and 48 h in
DMEM medium without phenol red to IMI (10QM; 255.6 mg [* and 4000uM;
1022.4 mg ). Afterwards, the medium was centrifuged for 1Grat 1,000 g and
TBARS were measured by mixing the supernatant With % TBA and 25 %
trichloroacetic acid (TCA) and heating at 90 °C fd0 min. Butylated
hydroxytoluene (BTH; 0.5 mM) was included to preveporadic LP. TBARS were
extracted with addition of 3 mL 1-butanol and thes@bance was measured using
the Perkin Elmer Lambda 25 UV/VIS spectrophotomstestem at 535 nm and 600
nm, the last one to correct the non-specific tuthid' BARS were expressed as ng
MDA/mg protein using 1,1,3,3-tetramethoxypropane MBA standard (as fold
increase/decrease of control) (Zampedral,, 2009).

CAT activity in cell lysate was determined according to thehmetof Aebi
(1974) and Jamnikt al. (2003) by measuring the decrease in absorban240atm
for 2 min due to the decomposition 0§®4 in a Perkin EImer Lambda 25 UV/VIS
spectrophotometer system. After exposure periogdoand 48 h to IMI (100QM;
255.6 mg [* and 4000uM; 1022.4 mg [}, the attached cells were washed in PBS
(100 mM; pH 7) and lysed in 250 of appropriate lysis buffer (50 mM Tris-HCI,
pH 8; 150 mM NacCl), scraped and collected in a tubells were sonicated on ice
two times for 10 s and centrifuged at 12,000 glfémin at 4 °C and the supernatant
was collected and used for further analyses. Thetia mixture (2 mL) contained
0.1 mL of cell supernatant in PBS (50 mM, pH 7.0014.9 mL of 10 mM KO, in
PBS (100 mM; pH 7.0). An extinction coefficient fpO, at 240 nm of 40 L cth
mol™ (Aebi, 1974) was used for the calculation. ThecHjweactivity of CAT was
expressed asumoles of HO, reduced per minute per mg protein (as fold

increase/decrease of control).
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All the data relative to biochemical biomarkers amrmalised to theotal
protein content Cell lysate used for the analysis was used atso protein
determination. Protein concentration in the celtrat was determined by the
Bradford method (1976) using bovine serum albunB&A) as a standard. This
method is based on the reaction between CoomaslanBBlue G-250 (Bradford
reagent) and the proteins present in the sampl®orto a complex. Coomassie
Brillant Blue G-250 exists in two different colouiams, red and blue. The red form
is converted to blue form upon binding of the dydfte protein. The binding of the
dye to the protein is a very rapid process (appnaxely 5 minutes) and the protein-
dye complex remains dispersed in the solution fog bour. During the procedure,
1.5 mL of Bradford reagent was added touhOof supernatant and mixed up in two
replicates for each animal. The absorbance of the boloured complexes was
measured by the spectrophotometer at 595 nm dffeast 2 hours. The standards
were made with BSA. As blank a mixture of 1.5 mla&iord reagent and 50 of

PBS were used.
2.3.1.3. Immunofluorescence microscopy

For microscope imaging F11 cells were cultured lastic Petri dishes (35
mm x 10 mm) with PLL (1Qug mL™Y) pre-coated glass coverslips at a concentration
of 3 x 10 of F11 cells mL* (initial density of 9000 cells per 12-mm glass e®lip)
in DMEM medium supplemented with 10 % FBS for 2&édfore addition of IMI.
For analyses of cell morphology after exposureMo (1000 uM; 255.6 mg [* and
4000pM; 1022.4 mg [} the incubation lasted for 24 and 48 h in DMEM ined
with or without FBS.

For p38 and ERK induction experiments, exposuréMbwas at 400uM
(102.2 mg [*) and 400QuM for 30 min and for a time-course experiment at®, 30
and 250 min incubation time (40QM IMI).

For Nrf2 experiment exposure to IMI was during mdicourse experiment
(at 10, 30, 60, 120, 240 min incubation time) a@AM concentration. All assays
were run in three separated experiments (n=3), @ébhen replicates.

F11 cultures were processed for IF staining wigmgard protocols. F11 cells
were fixed in 4 % paraformaldehyde (in PBS 100 np¥; 7.4) for 20 min at RT.
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After washing twice with ice cold PBS, the cellsrevéncubated in blocking solution
(5 % BSA, 1 % FBS and 0.1 % Triton X-100 in PBS) 20 min at RT. After the
blocking of paraformaldehyde (PFA) reactive amiesidues and unspecific antigens
with blocking solution cell glass-coverslips wereubated on a piece of parafilm
with primary antibody in 1 % BSA/PBS in a humiddiechamber for 1 h. The
following specific antibodies were used: neurongécsfic p-tubulin 11l (1:1000,
Sigma Aldrich), anti-active phosphorylated p38 MARInase (1:1000, Life
Technologies), anti-active phosphorylated ERK 1,3@0, Cell Signaling) and Nrf2
(1:200; Santa Cruz Biotechnology - to test Nrf2 resgion, cells were fixed in
methanol for 5 minutes at -2Q).

After three washing steps with PBS, cells werailvated with fluorescence
labelled secondary antibody in 1 % BSA for 40 mirRd in dark. For secondary
immunostaining, AlexaFluor 488- or 594-conjugatedtitaodies (1:500; Life
Technologies) were used (secondary staining alores gio signal). All secondary
antibodies are labelled with suitable fluoroforethvex. at 488 nm for green and at
594 nm for red colour. Cellular actin was visudisdirectly with phallodin
conjugated with AlexaFluor594 (1:500, Life Techrgks), while membrane
integrity was evaluated witim vivo labeling with WGA-AlexaFluor 488 conjugated
lectin (1:500, Life Technologies). After incubatiovith secondary antibodies cell
coverslips are washed three times with PBS nuokgeveounterstained with the use
of DAPI, a DNA intercalator (ig mL?; Sigma Aldrich) with ex. at 360 nm for blue
colour. As a final step, glass coverslip with cellte mounted with a glycerol-based
anti-bleaching solutio?W/ECTASHIELD® medium (Vector Labs, UK) to prevent
rapid loss of fluorescence during microscopic exeation.

Samples were analysed with Axioscope fluorescent@ostope (Zeiss)
equipped with AxioVision software (version 4.6.24xiss). Images were acquired
under controlled exposure and excitations belowratibn value, and processed for
background subtraction and average immunofluoreserensity quantification with
Image J software (Collins, 2007). A minimum of 2€€lls were analysed per each

experiment.
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2.3.1.4. Evaluation of mitochondria through microsopy imaging

Alterations in mitochondrial membrane potential (MMwere qualitatively
assessed with the use of 5,5',6,6'-tetrachlorg3]3ktetraethyl benzimidazolyl
carbocyanine iodide (JC-1) (Hardiek al, 2001). JC-1 has advantages over other
cationic dyes as it can selectively enter into ofitndria and reversibly change
colour from green to red as the membrane potemitaéases. In healthy cells with
high MMP, JC-1 spontaneously forms complexes knas/d-aggregates with intense
red fluorescence. On contrary, in unhealthy or &gapcells with low MMP, JC-1
remains in the monomeric form, which shows onlyegréluorescence. JC-1 dye
exhibits potential-dependent accumulation in mitoadria, indicated by a
fluorescence emission shift from green (~529 nmjetb (~590 nm). Consequently,

mitochondrial depolarisation is indicated by a éese in the red/green fluorescence

intensity ratio (Fig. 26).

Figure 26: Representative example of JC-1 dye irtiae. NIH 3T3 fibroblasts stained with JC-1
showing the progressive loss of red J-aggregateofescence and cytoplasmic diffusion of green
monomer fluorescence following exposure to hydrogperoxide for 5, 10, and 20 min after

treatment (www.invitrogen.com).

For JC-1in vivo microscope imaging F11 cells were cultured in glastsom
Petri dishes (35 mm x 10 mm) at a concentratiod a&f 10 of F11 cells mL in
DMEM medium supplemented with 10% FBS for 24 h befaddition of IMI (4000
uM; 1022.4 mg [}) and incubation for 15 and 60 min.

A stock solution of JC-1 (20QuM, Life Technologies) was prepared
according to manufacturer instructions. Previoysigpared JC-1 solution is added
(1:1000) to the IMI-treated cells in each well argdls are incubated for 15 min at 37

°C in a CQincubator. After incubation period, cell can belgsed directly in the
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culture medium since phenol red does not interfatie fluorescent staining. Healthy
cells with mainly JC-1 aggregates can be detectexk.a560 nm and em. 595 nm,
while apoptotic or unhealthy cells with mainly J@abnomers can be detected at ex.
488 nm and em. 535 nm. Hydrogen peroxide (@0 30 min), was used as a
positive control for decreased MMP.

Samples were analysed with Axioscope fluorescenc@ostope (Zeiss)
equipped with AxioVision software (version 4.6.2.dgiss) with appropriate
fluorescence settings. Images were acquired undastratled exposure and
excitations below saturation value, and processedéckground subtraction and
average immunofluoresence intensity quantificatiin Image J software (Collins,
2007). A minimum of 200 cells were analysed peheaxperiment. JC-1 assay was
run in three separated and repeated experimen®®),(each with ten replicates.
Fluorescence values were expressed as the ratitumkscence intensity of J-
aggregates (red) to fluorescence intensity of maren(green), which is often used
as an indicator of cell health status. Furthermao results were presented as fold

increase/decrease of the control values (JC-1l/antarbitrary units — AUS).

2.3.2. Ames mutagenicity test wittBalmonella typhimurium

A set of histidine-requiring strains (TA 98 andastr TA 100) was used for a
mutagenicity test called Ames test. Strain TA 98tams as a marker the frame-shift
mutation hisD3052, whereas TA 100 bears the baseplstitution hisG46. Strains
are inoculated separately in a Bacto nutrient brgtbwth medium (20 mL)
supplemented with 20L of ampicillin solution. Bacteria are grown up onight at
37 °C under sterile conditions in closed Erlenmdlgmks permeable to air with caps
and mixed by gentle agitation of at least 150 retiohs per minute (rpm). Earlier
are also prepared minimal agar glucose plates wstdele conditions.

Test solutions of IMI, Confidor 200SL and 6CNA weyeepared at 30; 100
and 100QuM concentration corresponding to 7.6; 25.6 and @58g L* for IMI and
Confidor 200SL and 4.7; 15.7 and 157.5 migfar 6CNA. These concentrations are
equivalent to: 0.053; 0.178; 1.7&/plate for IMI and IMI a. i. in Confidor 200SL,
0.265; 0.89; 8.9ug/plate for Confidor 200SL (whole formulation) aGd33; 0.11;

1.11 pg/plate for 6CNA, which is the usual concentratr@presentation in Ames

78



test. All test solutions are sterilised by filtcatithrough a sterile filer with 0.45m
pore sizelMIl and 6CNA were dissolved in DMSO, which was usada final
concentration of less than 0.004 % (v/v).

For the mutagenicity assay, the control and testple solution were
mixed with bacterial strains (TA98 or TA100), S@dtion and 2 mL of sterile top
agar (0.6 % agar and 0.5 % NaCl containing 0.5 ndtidine and 0.5 mM biotin)
and poured ontpreviously prepared minimal glucose agar plate \Vbgel-Bonner
salts (0.2 g ! magnesium sulphate, 2 g*Lcitric acid monohydrate, 10 gLdi-
potassium hydrogen phosphate, and 3.5'gsbdium ammonium phosphate), 2 %
glucose, and 1.5 % agar]. By adding the S9 fragiimmogenate of rat live) directly
to the Petri plates it is incorporated in tinevitro test an important aspect of the
metabolism, making this test highly efficient (Ametsal, 1975). S9 treatment for
enzyme induction and preparation of the S9 fractias performed according to the
guideline of ISO 16240 (2005). Arranged plates wibes incubated in dark at 37 °C
for 48 h. Revertant colonies appeared on a backgrtawn of bacteria. Spontaneous
revertants in case of strain TA 98 are around 4fllewfor strain TA 100 near 100
colonies. Two independent experiments were condueach experiment consisted
of three replicate plates for each treatment. Adps were performed under sterile

conditions.
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2.4.1n vivo models

2.4.1. Toxicity test with luminescent bacteria/ibrio fischeri

The toxicity tests with luminescent bacteria weesf@med to determine of
30 min EGo values for aqueous solutions of three TPs of IWhe toxicity of
desnitro-IMI, olefin-IMI and 5-hydroxy-IMI (at inial concentrations of 100 mg*).
was assessed using liquid-dried luminescent badfeffischeriNRRL B-11177 with
system LUMIStox, Dr. LANGE determining reduced lumscence emission after
incubation with tested chemicals. Before analydkesaanples were adjusted for pH
at 7 £ 0.2 withhydrochloric acid or sodium hydroxide solutions autied with 2 %
w/v of sodium chloride salt in order to avoid pidsiadverse effects due to an
improper pH value or unsuitable sodium chloride caaration. All luminescence
values were measured with a photomultiplier LUMStB00 luminometer at
controlled 15 + 1 °C. The toxicity test was perfednn three essential steps: (1) an
aliquot containingV. fischeri was added to each vial in two parallels and
luminescence was measured immediately; (2) testegles were added to vials (at
various geometrical dilution levels) with bacteaiad regulated to 15 £ 1 °C for 30
min; (3) the luminescence of bacteria within thengke was again measured after 30
min of exposure. All dilution levels were achievietlowing ISO 11348-2 standard
guideline (2007). The blank test was performed vdt®6 w/v sodium chloride
solution.

The 30 min EG was calculated with 95 % confidence limits, acaogdo
ISO 11348-2 standard (2007) using a computer softveapported model. The
results are presented as luminescence inhibitigreinentage and consequently, the
30 min EGo or EGy values for desnitro-IMI, olefin-IMI and 5-hydroxX{4l were
determined. This way of presenting the toxicityutessis commonly adopted in the
literature (Sakkast al, 2004; Dell’Arcipreteet al, 2009, 2010; Kitsioet al, 2009).
In addition, percentage inhibitions obtained inteagperiment were converted to

gamma values according to first model (Jennetgs., 2001), where:

Gammd)(= % inhibition / (100 - % inhibition) [2]
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Gamma values were plotted against their correspgndhemical concentrations,
after first converting all data to natural logs YLno generate Lh gamma/Ln
concentration curves for each chemical. In this ehogalues falling within the 10-90
% inhibition range were used to fit a straight liteethe Ln-transformed data by
linear regression and liner regression equationg lha@en used to calculate EOr
ECso. To note: EGyvalue is given by the point of intersection witle tkraxis atf” =

1, while EGopatl = 0.25.

2.4.2. Green microalgae and crustacean amphipod #sst organisms

D. subspicatugChodat) Hegewald et Schmidt (formeBy subspicatyswas
kindly provided by the Helmholtz Centre for Envirnantal Research-UFZ, Leipzig,
Germany. Microalgae were grown in a medium recontdadrby standard guidelines
for freshwater algal growth inhibition test (ISO%% 2004).

G. fossarumwere collected in April-July 2011 using a net (ine kick
sampling method) from the stream Vagk (Slovenia). Thesampling site is in the
lower Vipava Valley in GoriSka region of Sloven#b(90’ N; 13°70 E). It is a small
waterbed free of industrial, agricultural contantiov or human activities and it can
be considered unpolluted. This site has a goodrwataity according to ARSO data
record (Agencija Republike Slovenije za okolje-@olan Agency for Environment;
http://www.arso.gov.si/vode/poro%C4%8Dila%20in%2bjkacije/povrsinske_letn
a.html) and high densities of gammarids were found.

All water samples from the sampling site and during experimental trial
were monitored for temperature, pH, conductivitysygen concentration and
saturation with a multi-meter WTW350i (with micreetrode replacements for small
volumes). In addition, TOC and TN were measuredvater samples from the
sampling site with a TOC Analitik Jena multi N/CQOB1 calibrated with potassium
hydrogen phthalate. Before being processed folfth€ and TN analyses, samples
were acidified to pH 2—-3 with hydrochloric acid.

Gammarids were kept during an acclimatisation jpeoioat least 14 days in a
20 L glass aquarium supplied with thoroughly aetateginal stream water. An 8/16
h light/dark natural photoperiod was maintainechviite temperature at 12 + 2 °C in

a temperature and humidity controlled chamber agdlar water renewal every two
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days. Animals were fedd libitum twice a week using a pinch of dry food (e.qg.
TetraMind flakes) or raw peas.

2.4.3. Algae toxicity test

Sub-chronic toxicity of pesticides was conducte®@microwell plate. The
algal inoculum was taken from an exponentially gragypre-culture and added into
25 mL of growth media in order to obtain an initell density of 16 cells mL™.
Final volume of each well was 2QfL. Serial dilutions of tested pesticides were
made in culture medium. Six replicates of contfalstreated) and three replicates of
each test concentration were applied. All the pglatéth cover, control and
treatments, were incubated for four days (96 A &&mperature of 23 £ 1 °C and
light intensity of 1100 lux. Algal growth was deted fluorometrically in intervals of
24 h over a period of 96 h in order to achieve réual kinetic data distribution.
Analyses of chlorophyll fluorescence were perforrbgca Tecan Infinit® 200 PRO
(Mannedorf, Switzerland). Measurements were comtliasing fluorescence ex. of
440 nm and by an em. of 680 nm. Before readinggdesicroplates were shaken for
30 s at 100 rpm. Average of specific growth rateseacalculated and subsequently
used for calculation of percentage inhibition imgarison to control (Kaczakt al.,
2011). 1Go at 96 h (inhibition concentration that cause 50irfibition of algal
growth) was estimated for tested compounds usimapti regression analysis (TiSler
et al.,2009).

Solution of 1 M IMI and 6CNA was prepared in DMS$blubility of IMI in
DMSO is >200 g [}). Afterwards, a 10 mM (2.55 g'i.for IMI and 1.57 g [* for
6CNA) stock solution was prepared by the additioridl and 6CNA (1 M) or
Confidor 200SL to standard algal medium, with canstmixing until complete
dissolving. The test solutions were prepared byrapdn appropriate volume of the
stock solution in the algal medium to achieve fioahcentration. For all compounds
was prepared an equal molar concentration rangeessgd in corresponding mg' L
values as presented in Table 8. For Confidor 200f&Lfinal concentrations were
corresponding to 0.003-0.12% (v/v) which contaifie8-255.6 mg L* of a. i. IMI.
The toxicity of known co-formulants incorporated @onfidor SL 200 (as negative
control — a solution consisting of 38.4 % of DMS&Y,.5% of NMP and 24.1% of
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double deionised water in place of IMI) was alsetdd in the same range as
Confidor 200SL.

Table 8: Selected concentration range for all testeompounds during experiments with alg&e

subspicatus

uM/ mg LY IMI Confidor 200SL 6CNA
(a.i. IMI; % v/v)
30 7.6 7.6 (0.003) 4.7
100 25.6 25.6 (0.012) 15.7
200 51.1 51.1 (0.025) 31.5
500 127.8 127.8 (0.06) 78.7
1000 255.6 255.6 (0.12) 157.5

"To note:in the graphical representation of algae toxidiégt all applied

concentrations were shown as mdyalues.

Lower concentrations of IMI than those monitoredhrs experimental trial
were already tested dh subspicatusind showed no effect on algal growth up to 10
mg L' and due to this fact were excluded (Heimbach, 1986) addition, as an
internal quality control, the bioassays were alsdgymed on the reference chemical
potassium dichromate (positive control -G607; 0.1-30 mg [* (ISO 8692, 2004).

2.4.4. Amphipods toxicity test

Gammarids were exposed for 24 h (acute toxicity) egual molar
concentrations of IMI, Confidor 200SL and 6CNA foetter comparison. A short
exposure period sufficient to promote early alierst (24 h) was used also to mimic
runoff-related pulse exposures to pesticides (Bicll.,1984; Werneet al, 2004).
The peak pesticide concentrations usually persistabout 24 h. Furthermor&.
fossarumfrom running water is greatly affected by shortriehigher concentration
of IMI (Lukanci¢ et al, 2010). Selected sub-lethal exposure concentrmtivere
based on previously determined acute,d (48 h) and Eg (24 h) values for IMI of
0.8 and 0.07 mg L (Lukartic et al.,2010).

Solution of 1 M IMI and 6CNA was prepared in DMS$plubility of IMI in

DMSO is >200 g [*. Afterwards, a 10 mM (2.55 g'Lfor IMI and 1.57 g [* for
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6CNA) stock solution was prepared by the additioridl and 6CNA (1 M) or
Confidor 200SL to distilled water, with constantxing until complete dissolving.
The test solutions were prepared by adding an apite volume of the stock
solution in the original stream water to achieveali concentration. For all
compounds was prepared, as mentioned, an equalr nolecentration range
expressed in corresponding mg lalues as presented in Table 9. For Confidor
200SL the final concentrations were corresponding0t000003-0.0002% (v/v)
which contained 6.3-511,3g L™ of a.i. IMI. The toxicity of known co-formulants
incorporated in Confidor SL 200 (as negative cdntra solution consisting of 38.4
% of DMSO, 37.5 % of NMP and 24.1 % of double de&sed water in place of IMI)
was also tested in the same range as Confidor 200SL

The experimental trial was performed using adultenspecimens. After sex
determination, total body length (Becuhel angshhe, 2002) (Fig. 27) and total wet
weight was measured (animal were dried betweenstveets of filter paper before
being weighted). Fifty individuals per exposure camration were used for every
tested compound. Plastic Petri dishes (100 mm m&0 20 mL volume) covered in
order to reduce water evaporation were used foromxg experiments. The
bioassays were conducted in darkness, in a tenweraind humidity-controlled
chamber (12 = 2 °C; 60 % humidity). After a 24 tpesgure period, immobility or
moulting and mortality were observed. Live/deadaoigms were determined by
gently poking and observing movement of appendaQeganisms were counted as
dead if none of the appendices were moving aftekingo for three times.
Inactive/paralysed animals were identified whenyamspiration movements were
left (Clesceriet al, 1998). Moulted animals were counted based orptasence of
the entire oldexuviain the exposure vessel (moulted amphipods wereused for
biochemical parameters analyses). For each bioda¢mssay 10 randomly selected
gammarids per concentration (from fifty individalsere processed using whole-
body homogenates due to their small body size.
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Figure 27: Red lines illustrate the measured lengtt first pereonal segment (Ls) and total body

length (Lt) of G. fossarum(Vihtakari, 2008 with slight modifications).

Table 9: Selected concentration range for all testeompounds during experiments with amphipod

G. fossarum

#M/ pg L

0.025
0.05
0.1
0.2
0.4
0.6
0.8
1
2

IMI

6.3
12.7
25.5
51.1

102.2
153.3
204.5
255.6
511.3

Confidor 200SL
(a.i- IMI; % v/v)
6.3 (0.000003)
12.7 (0.000006)
25.5 (0.000012)
51.1 (0.000025)
102.2 (0.00005)
153.3 (0.00007)
204.5 (0.0001)
255.6 (0.00012)
511.3 (0.0002)

6CNA

3.9
7.8
15.7
31.4
62.8
94.6
126.2
157.7
3155

"To note:in the graphical representation of amphipods tilyitest all applied

concentrations were shown ag L'values.
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2.4.4.1. Biochemical biomarkers assays in amphipods

Prior to individual homogenisation, excess chersigaksent on the animal’s
surface were rinsed several times according to deshel (2007). Whole-body
specimens were homogenised in pQ0of ice cold PBS (100 mM; pH 7.0) for 3 min
using a glass—glass Elvehjem—Potter homogenisey.hbmogenate was sonicated
on ice (5-10 s) and centrifuged for 15 min at 3,§0@ and 4 °C. Freshly prepared
clear supernatant was collected and kept on icketased for enzyme activities
measurements.

AChE activity was determined using DTNB and acetylthiocholindide as
substrate according to Ellmaet al (1961). The principle of this technique is the
measurement of the rate of the production of ttetine (an ACh analogue).
Thiocholine, produced during the hydrolysis, readts DTNB and the final product
of this reaction is a yellow anion of 5-thio-2-oHbenzoic acid (Fig. 28).

enzyme
HO + (CHg)sN"CH,CH,SCOCH; —— (CH3)sN'CH,CH,S™ + CHC00™ + 2H*

acetylcholine
enzyme
(CH3)sN'CH,CH,S™ + RSSR ———»
thiocholine dithiobis-
nitrobenzoic acid

thiochaline

(CH3)3N+CHQCHQSSR + RS
the yellow
anion

ON

‘00C

Figure 28: The principle of the Ellman technique (Enan et al., 1961).

The reaction was followed on a Perkin Elmer Lamk#a UV/VIS
spectrophotometer at 412 nm for 8 min. Kinetic wakulated in the linear range
and slope measured (the slope is the rate in afsoebunits/min). Spontaneous
substrate hydrolysis was assessed using two centmoblank without ACh and a
blank without the sample. The analyses were madlgarreplicates for each sample.
AChE activity is expressed gsmol of substrate hydrolysed per minute per mg
protein (based on= 13600 L crit mol™* for DTNB). The reaction mixture for AChE

activity measurement was prepared as presenteahie TO.
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Table 10: The reaction mixture used for AChE actiyimeasurement irs. fossarum

G. fossarum
s 2380uL of PBS (67 mM, pH 7)
« 100pL of DTNB (0.01 M)
e 500uL of sample
e 20uL of acetylcholine iodide (0.075 M)

CAT activity was determined according to the method of JanmikRaspor
(2003) by measuring the decrease in absorbance Barldn Elmer Lambda 25
UV/VIS spectrophotometer at 240 nm for 2 min du¢h® decomposition of ¥D- (e
= 40 L cm® mol). The specific activity of CAT was expressedasol of H,O,
reduced per minute per mg protein. The methodokoyy the reaction mixture for
CAT measurement are identical as for F11 cellsdfilesd in Section 2.5.2.).

GST activity was determined according to the protocol of Haéigal.
(1974). The method is based on determination of tomjugated product
dinitrophenyl-thioether at 340 nm produced from (ENised as an artificial
substrate and reduced glutathione. The conjug&icatalysed by GST isoenzymes
(Fig. 29).

GSH + ci NO, - GS \ / NO, + Cr + H'

OoN O:N
1-chloro-2,4-dinitrobenzene (CDNB) dinitrophenylthioether

Figure 29: The principle of the GST activity measement (Habig et al., 1974).
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The measurement of the sample was carried out erlken Elmer Lambda
25 UV/VIS at 340 nm for 5 min. The reaction mixtwehout sample was used as
control. Values were expressed as nmol of redutgdtgione and CDNB conjugate
formed per min per mg proteir € 9600 L cn’ mol™* for CDNB). The reaction
mixture for GST activity measure (8. fossarums presented in Table 11.

Table 11: The reaction mixture used for GST actiineasurement irs. fossarum

G. fossarum

e 900pL of PBS (100 mM, pH 6.5)
e 25uL of CDNB (60 mM)
e 25ulL of sample

» 50 of reduced glutathione (40 mM)

All the data relative to the enzymatic activitye anormalised to théotal
protein content based on the method of Bradford (1976) (as desgrib Section
2.5.2).

LP was estimateah vitro after the formation of MDA, a major by-product of
lipid peroxidation that reacts with TBA (Ortega-Msganteet al, 2005), with slight
modifications. Whole-body gammarids were rinsed,dascribed previously and
homogenised individually in TCA-TBA-BTH reagent [%b (w/v) TCA, 0.37 %
(w/v) TBA, 1 M HCI, and 0.01 % BTH]. Samples wereiubated at 90 °C for 30
min, then chilled at room temperature, added 1.2ofl-butanol and centrifuged at
12,000 rpm for 10 min. Absorbance of the superriateas measured at 535 and 600
nm, the final one to correct for the non-specificbtdity. Before the heating step,
absorbance was measured at 280 nm for total prateimcentration. These
absorbance values of protein content were useddpedy normalise absorbance
values obtained for LP (Fig. 30).
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600 puL homogenization
buffer + amphipod
whole organism+5 pL

-

X 8.
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i addition centrifugation
eonlestion incubation cooling of 1.2mL 12,000 rpm; 10

l 1-butanol min

5 pLsample + MDA-TEA
995 uLdd H,0 absorbance
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| protein correction for non-
W > bsork specific turbidity
{A=535nm) (A = 600 nm)

Figure 30: Schematic representation of lipid perabdtion determination inG. fossarum

2.4.4.2. MXR inhibition assay

G. fossarunwas exposed for 1 h to IMI, Confidor 200SL and &Cat 3uM
and 30pM concentration (corresponding to: 0.7 and 7.6 nidok IMI and Confidor
200SL, while for 6CNA to 0.4 and 4.7 mg'Land 0.75; 3 and 1g L™ copper a.i.
During this exposure to tested chemicals was alisled a specific model substrate
for P-gp called rhodamine B (Rh B). In our prelaiy experimental setup the
exposure of 1 h resulted in optimal experimentalditions and response.

To test for MXR activity and inhibition, an Rh B @usion dye assay was
adopted. As an indicator of membrane transporvigtivas used a fluorescent dye
called Rh B. Under normal MXR function, amphipodp@sed to Rh B will actively
expel the dye from cells and the whole-body wil/éa low fluorescence. On the
other hand, amphipods exposed to potential MXRbitdris are less able to transport
Rh B from inside the body, and show increased #soence. This increased
fluorescence proves the accumulation of Rh B ifs@d a consequence of transport
activity inhibition. This method was already sucfaBly applied in several studies
including aquatic organisms (Smital and Kureled®7Z;%XKurelecet al, 2000; Smital
et al, 2000). In addition, there is also available praigpresence of the MXR system
in freshwater amphipods (Timofeyeval, 2007).
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Briefly, five specimens of. fossarunwere exposed to each concentration of
IMI, Confidor 200SL and 6CNA + Rh B (248M) in Plastic Petri dishes (100 mm x
20 mm; 20 mL volume) covered in order to reduceewatvaporation. The assays
were conducted for 1 h in darkness, in a tempezaamd humidity-controlled
chamber (12 =+ 2 °C; 60 % humidity). Model inhibgasf MXR proteins, verapamil
(VER; 10 uM) and cyclosporine A (CA; 1@M) was run as a positive control
alongside all treatments. After 1 h exposure angspwere removed from their
solutions and triple washed in fresh PBS to remang external Rh B, weighed,
transferred to flat-bottom tubes in 0.5 mL of distd water and homogenised (for
homogenisation procedure see Section 2.6.1). Theopenates were centrifuged at
3,000 rpm for 15 min, the supernatants carefulipgferred to a 96-well flat-bottom
dark microplate (10QL/well, each supernatant in triplicate), and theofescence of
accumulated Rh B measured immediately.

The fluorescence of accumulated Rh B in whole-botlyamphipods was
measured on a microplate fluorometer (Tecan F200ite multiplate reader-Tecan
Austria GbmH, Austria) using 535 nm (excitation)da®0 nm (emission) filters.
Due to the possible loss of the Rh B-fluorescemtensity caused by the direct
exposure to light, glasses, vialsslhomogenates/aafserts and microplates were light
protected with aluminium foil. Fluorescence readinigpr each well were then
normalised to total animal weight and the MXR assegs repeated in three

separated experiments.

2.5. Statistical analyses

All statistical tests were performed using STATISAI 7 StatSoft software.
Results from each exposure trial are presenteddaphg as mean + standard error
(SE). Statistical comparisons were conducted betwamntrol and exposure data
using the Student’s t-test or the Mann—-Whitney rankn test after the software
direct choice of parametric or nonparametric deggpectively. In addition, multiple
comparisons were analysed with the One-way ANOVA duokey post-test. p <
0.001 (***), p < 0.01 (**), and p < 0.05 (*) wereceepted as levels of statistical

significance and shown in graphical representations
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3. RESULTS

3.1.In vitro model: F11 cells

3.1.1. Imidacloprid cytotoxic effects

Cell viability MTT assay demonstrated limited IMffects after 24 h and 48 h
incubation at the whole micro-molar range of testedcentrations going from v
(0.25 mg ) up to 500uM (127.8 mg [Y) (p>0.05, n=9). Slightly reduced but
transient effect on cell viability was noticed afl h exposure to IMI at 200M
(51.1 mg [*) and 500uM (127.8 mg ') concentration (p<0.05). Due to the fact that
no relevant and permanent adverse effect on losmecentration range was noticed
we proceeded with testing even at higher conceotratreaching values of 100/
(255.6 mg [') and 400QuM (1022.4 mg ).

IMI evoked progressively a dose- and time-dependemter metabolic
activity of F11 cells and reduced survival compaied control especially at
concentrations higher than 5pM (Fig. 31C). Viable cells after 24 h at 400M
(1022.4 mg [}) were of 82.3 + 3.9 % (p<0.05, n=9), while aft& [ at 1000uM
(255.6 mg [*) and 4000uM were of 76.2 + 3.5 % and 56 + 3.8 %, respectively
(p<0.001; n=9).

In general, a significant metabolic impairment Wasnd at concentrations
larger than 100@tM accompanied by a significant and progressive losh evident
by bright field microscopy images (Fig. 31A).

To test F11 morphology after exposure to IMI, aglaf antibodies against
cytoskeleton elements such as actirtubulin andp type tubulin were applied. In
Fig. 32 is shown the morphological characterisatuith fluorescence microscopy of
F11 cells exposed to IMI (40Q€M) for 24 h that increases the presence of picnotic
nuclei (DAPI staining), loss in plasma membraneegnity visualised with
fluorescence WGA lectin and strong degradationytdmasmic protein components,
like cytoskeleton elements (actin and tubulin)atidition to these initial, minor and
evident signs of alteration of cytoskeleton, a#& h IMI induced a drastic re-
organisation of the cytoskeleton leading to cytspiaand nuclear condensation, and

finally reducing the overall adhesion of the célisubstrate (Fig. 31A).
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Figure 31: A. Bright field representative images &fl1 cells in control and after 24 and 48 h IMI
(4000uM; 1022.4 mg ') exposure. Scale bar: 50m. B. Values of MTT assay in F11 cells after
exposure to IMI for 24 and 48 h; data presented psrcentage of control shown as dashed line
(n=9). p <0.001 (***), p <0.01 (**), and p < 0.08).

Further morphological characterisation of cell gtdtwith serum and serum-
free conditions in presence of IMI presented adddl alterations. In control
conditions cells did not have altered cytoskelednd any significant signs of stress,
while in treated cells there are present modifiedlear features and formation of
protein aggregates (Fig. 33A). Also is visualised iateresting differentiation in
absence of serum (as expected) with formation afcessing and neuronal

elongations (Fig. 33B).
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control 4000 pM IMI

Figure 32: Representative microscopy images of Féélls morphological characterisation in
control conditions and after IMI exposure (400@M; 1022.4 mg L) for 48 h. Cells were stained
with different fluorescent markers, as indicatedrf@ach image. To note: stronger nuclear DAPI
staining signal after treatment and resilient degtation of cellular proteins (actin staining). Scal

bar: 100um.
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Figure 33: Morphology of F11 cells in control andfeer IMI exposure (4000uM; 1022.4 mg [
for 48 h in standard growing conditions (FBS) or irmbsence of serum (SF). A. Nuclei are
counterstained with DAPI (blue)g-Tubulin 1l immunofluorescence staining is shownni green.
To note: protein aggregates and nuclear condensatim F11 cells after IMI exposure (yellow
rounded rectangles). B. Nuclei are counterstainedittw DAPI (blue), g-Tubulin I
immunofluorescence staining is shown in red. To eotIMI stimulated processes elongation

(arrows). Scale bar: 10@m.

To further cytotoxicity effects of IMI to neuronekll survival, we compared
potentially toxicity of IMI as its commercial forration (Confidor 200SL - where
IMI is the a.i.) and IMI's four TPs: 6CNA, desnititvll, olefin-IMI and 5-hydroxy-
IMI.

The negative control (mixture of known co-formuarmdMSO and NMP) did
not have any adverse effects on F11 cell at alétesoncentrations (data present in
Annex section). Due to this fact, all values weoenpared to control (vehicle only;
DMSO). Commercial formulation was found slightly reotoxic than parent
compound after 48 h of exposure at 4Q00; 1022.4 mg [* a. i. (47.8 + 2.8 %;
p<0.001 compared to control) (Fig. 34B). Interegyn 6CNA decreased the F11
cells metabolic activity after 48 h already at 500 (157.5 mg L) reaching the
lowest viability of 72.2 + 3.5 % (p<0.01) at 40p® (630 mg LY. In the case of
other IMI's TPs, it is important to emphasise tladit significant effects on cell
viability were noticed only at concentrations higliegan 500uM for all tested TPs
(Fig. 35A and 35B). After 24 h of exposure to 5-topd/-IMI at 4000uM (1086.4
mg L) the cell viability was significantly reduced aptesented a value of 55.9 +
2.4% (p<0.01). This decreasing of cell viabilitysagignificantly enhanced after 48 h
at the same concentration for all three TPs. Thengest negative effect and
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drastically reduced cell survival at this highestneentration was induced by
desnitro-IMI followed by 5-hydroxy-IMI and olefirMl. The percentage of viable
cells after 48 h exposure to desnitro-IM| (4Q0d; 988.5 mg [*) was only of 19 +
2.7 %, while for olefin-IMI and 5-hydroxy-IMI was426 + 1.04 % and 29.9 + 2.2 %,
respectively (p<0.001). These adverse effects wieomger and more evident in case

of IMI's TPs compared to both IMI as pure compowncs Confidor 200SL.
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Figure 34: Values of MTT assay in F11 cells aftekgosure to IMI, Confidor 200SL and 6CNA for
24 h (A) and 48 h (B); data presented as percentageontrol shown as dashed line (n=6).
p < 0.001 (***), p<0.01 (**), and p < 0.05 (*).
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Figure 35: Values of MTT assay in F11 cells aftexgosure to IMI, desnitro-IMI, 5-hydroxy-IMI
and olefin-IMI for 24 h (A) and 48 h (B); data premnted as percentage of control shown as dashed
line (n=6). p <0.001 (***), p < 0.01 (**), and p 9.05 (*).

96



3.1.2. p38, ERK MAPK and Nrf2 activation in respons to imidacloprid

To further investigate the mechanisms of IMI tolyicin F11 cells and if
acute IMI exposure was translated into rapid atibwaof downstream molecular
pathways like p38 MAPK and ERK induction, we pen@d immunofluorescence
time-course experiments (0, 5, 10, 30, 240 miMdQ&0 um (1022.4 mg L) using
specific antibodies against active (phosphorylafedj of kinases ERK 1,2 and p38
(Fig. 36C). In addition, IF experiments were peried on F11 treated cells exposed
to different doses of IMI 40QM (102.2 mg [*) and 4000uM (1022.4 mg [*) for
30 min, using again antibodies that specificallgognise activated form of p38 or
ERK MAPK (Fig. 36A and 36B).

The p38 and ERK MAPK were phosphorylated and attvan response to
in IMI'in F11 cells. These experiments demonstraited IMI activated these kinases
in two different ways. In specific in case of pB@stactivation was in a concentration
dependent manner with significant induction aftér r@in at 4000uM (p<0.01),
while in case of ERK a significant and strongeivation response was present after
30 min IMI exposure already at 4Q®1 (p<0.001) (Fig. 36A and 36B). Time course
experiments suggested an early activation of p3gKAfter few minutes (10 min)
of IMI stimulation at 400QuM in the majority of the cells (92.2 + 1.3 %, p<D)0
(Fig. 36C). The p38 activation effect was furthaeaqtified and was persistent until 1
h of IMI exposure (162 + 0.01 % of the control, pD). In addition, we observed
also a rapid nuclear translocation of activatedsphorylated p38 MAPK after 10
min from IMI stimulation (400QuM) (Fig. 36C and 37). Nuclear translocation was
quantified and was also persistent until 1 h wite highest values of p38 nuclear
translocation after 10 min of IMI exposure (2 + O&fold increase respect to the

control, p<0.01).
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Figure 36: A, B. Representative fluorescence miacopy images of F11 cells in control conditions
and in the presence of IMI 40M (102.2 mg ') and 4000uM (1022.4 mg [*) immunostained

with antibodies anti-active Erk (A) or active p38 APK (B). Scale bar 5@m. Histograms quantify

the grey values of immunopositive signals after kgoound value subtraction. Data have been

normalised on total cell number (counterstained WiDAPI) and expressed as arbitrary units (AU).

To note: different activation profile. C. Graphs aquntify p38 signal intensity during the time after

application of IMI at 4000 uM to F11 cells (left) and nuclear translocation ofctivated

phosphorylated p38 during time after IMI applicatio(right) (n= 3), p < 0.001 (***), p < 0.01 (**),

and p < 0.05 (*).
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Figure 37: Representative microscopy images of skntated phosphorylated p38 MAPK in
nucleus of F11 cells exposed to IMI (40¢MM; 1022.4 mg L) for 10 min. Scale bar: 1Gm.

During IMI experiments was explored the activateord response of Nrf2 to
IMI. Our analyses indicated that IMI induced a $&abnd large expression of this
transcription factor in a time dependent manneh whie highest induction after 30
min of IMI exposure (p<0.05) (Fig. 38B). Experimentperformed by
immunofluorescence, suggested that IMI exposureeased the signal of the
transcription Nrf2 factor, proposing the activatioh potential rescue secondary
responses in F11 cells confirmed by the increasBlri@ immunoreactivity (Fig.
38A).
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Figure 38: A. Representative example of F11 cellicroscopy images analysed in control and after
IMI incubation at 4000uM (1022.4 mg [*) for 30 min. Cells are immunolabelled with anti-Kg&
antibodies. Scale bar: 10@m B. The histogram describes the time course (1@, 80, 120 and 240
min) of the relative average quantification of Nrfftnmunoreactivity in control and in IMI-exposed
cells (4000uM; 1022.4 mg ). Histograms quantify the grey values of immunojitdee signals
after background value subtraction. Data have beemormalised on total cell number

(counterstained with DAPI) and expressed as arbitrainits (AU) (n= 3), p < 0.05 (*).
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3.1.3. Imidacloprid effects on mitochondrial functon and oxidative stress

parameters

To further study IMI cytotoxicity, we proceeded lvitesting of oxidative
stress pathways activation. For this purpose, wst fperformed mitochondria
morphological imaging and then we quantified CAEynatic activity as well as LP
levels to test on-going oxidative stress and péssikidative damage.

In vivo time course imaging of living cells loaded with-I@robe (20QuM;
15 min) and acutely exposed to IMI 40001 (1022.4 mg [*) for 15 and 60 min was
performed to quantify IMI-induced mitochondrial eds (Fig. 39A). Qualitative
analysis of JC-1 staining indicated a decrease MPMafter IMI treatment. JC-1
dissociate into monomers that emit a green flu@mese pattern as MMP lowers in
presence of IMI (400QM). This decrease was already significant afteni® from
IMI application with a consequent loss of mitochnadmembrane function (0.7 +
0.05 fold decrease respect to control; p<0.05). (B2d\).

To measure the effects on F11 cells of possible R@¥mediates produced
after IMI exposure at 100QM (255.6 mg ') and 4000uM for 24 and 48 h, we
performed CAT enzymatic assays that revealed arasmg trend of CAT activity
in IMI-exposed cells, although not significant (p&9) (Fig. 39B). TBARS assay
performed after IMI exposure at 1006M and 4000uM for 24 and 48 h
demonstrated the activation of membrane LP (Fig)38nd showed a significant
increase in the detection of intermediates of LFF14 cell medium with respect to
control samples. LP values were significantly imsed already after 24 h exposure
to 1000uM (6.03 + 1.2 % fold increase respect to contreiQ91) and to 400QM
IMI (12.9 + 4.6 % fold increase respect to contpw$0.05). In general, during 24 or
48 h of IMI application, CAT activity in F11 cellshowed still a dose-dependent
larger increased activation, however not signifiqg@gn=3, p>0.05; Fig. 39B), while
significantly higher levels of LP products (TBARS®Jere found released in cell
growth medium exposed to IMI with respect to cohfne=6, p<0.05; Fig. 39C).
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Figure 39: A. In vivo imaging of live cells exposéd IMI 4000 #M (1022.4 mg [*) 15 and 60 min.
Representative microscopy images show JC-1 fluosese of control (red) and IMI-treated F11
cells (green). Scale bar 10@m. Histogram represent JC-1 green-red fluorescergignal ratio
already significant after 15 min from IMI applicatin. Fluorescence values were expressed as the
ratio of fluorescence intensity of J-aggregates djeto fluorescence intensity of monomers (green);
ratio results are presented as fold increase/dese=af the control values (JC-1/control in arbitrary
units — AUs) (n=3). B. Catalase activity in F11 tetested 24 or 48 h after IMI application - 1000
uM (255.6 mg L) and 4000uM (1022.4 mg [) (n =3). C. Quantification of TBARS products
released in cell growth medium by cell exposed kbl 1000 uM and 4000uM for 24 and 48 h
(n=3).p <0.001 (***), p <0.01 (**), and p < 0.05 (*).
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3.1.4. Effects of different tested inhibitors on indacloprid-mediated cytotoxicity

The role of oxidative stress and p38 inductionN tytotoxicity was further
confirmed by additional cell survival measureme(iiig. 40A and 40B) performed
on cells exposed to 10QM (255.6 mg [*) and 4000uM (1022.4 mg V) IMI for
24 and 48 h cultivated in the presenc®edcetyl cysteine (NAC; 1 mM, 30 min pre-
application), mixed tocopherols (1 mM, 30 min ppgplcation) or with the p38
inhibitor SB203580 (1M, 30 min pre-application). These inhibitors weested
separately to block possible IMI effects or seldcteolecular pathways and was
noticed that their presence significantly redudezidell loss. With previous data was
demonstrated that MAPK signal transduction pathwagswell as IMI-induced
oxidative stress and altered oxidative stress petens are possibly associated to IMI
cytotoxic effects. To additionally prove the ne@gsand sufficient role of these
mechanisms, a series of MTT cell viability testsrevperformed on IMI-exposed
cells in the presence of pharmacological inhibitiike p38 MAPK inhibitor
SB203580, the broad-range anti-oxidant NAC or Litliior mixture of tocopherols
known as vitamin E. These compounds were co-appkégd IMI to test their
efficacy in protection from IMI endpoint toxic effes after 24 or 48 h incubation
(Fig. 40A and 40B).

Oxidative stress inhibitors NAC and vitamin E wet#ficient to protect from
1000 uM and 4000uM (48 h) IMI exposure (p<0.05 and p<0.01 compam@dM|
exposed cells at same time and concentration) @df and 40B). Vitamin E
resulted highly effective after 24 h in presencah& highest concentration of IMI
(4000uM) and viable cells reached values of 128 + 17.p%®.05 compared to IMI
exposed cells). A significant protection from 4Q0 IMI toxicity after 24 (p<0.05)
and 48 h (p<0.01) was found also blocking p38 patmsawwith inhibitor SB203580
(Fig. 40B). Generally, these experiments demoresdrat complex dose- and time-
dependent scenario, which demonstrated that oxa&lastress inhibitors seem
sufficient in some cases to significantly improwe 11 cell survival and to lower

the toxic impact of IMI.
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Figure 40: Values of MTT assay in F11 cells afted2and 48 h exposure to 10QM (255.6 mg 1)
(A) and 4000uM (1022.4 mg [') IMI (B) in presence of p38 MAPK inhibitor SB203&D, N-
acetyl-cysteine (NAC) or mixed tocopherols (vitanti); data presented as percentage of control
shown as dashed line (n=4). p < 0.001 (***), p <0Q. (**), and p < 0.05 (*) compared to IMI-

exposed cells.
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Toxicity data relative to F11 cells and measurechp@ters are summarised
in Table 12. The lowest concentration of testedribals that caused significantly
different cell responses from that in the contraugp was considered as LOEC value
of tested compound, while the highest tested cdretgon at which no significant
differences from control were found was the NOEGnhpoThe actual safe or no
effect concentration lies between the obtained N@EE& LOEC values for specific
biomarker. All obtained data are sorted based pe tf response, tested chemical
and time of exposure/measurement. Toxicity differedsiderably among the tested
compounds and among test methods and endpointNOEE and LOEC values for
the different chemicals and endpoints ranged frdn® 3o >1022.4 mg L (Table
12).

In summary, based on the survival endpoint, the’dMIP 6CNA clearly
results as the most biologically active towardsroeal cells. The toxicity trend
(according to cell survival after 48 h) for all ttied compound was as follows: 6CNA
> Confidor 200SL > IMI > desnitro-IMI > olefin-IMP> 5-hydroxy-IMI. In this
toxicity trend is important to notice that desnithdl after 48 h presented
significantly higher adverse effect on cell surVivampared to IMI (as pure
compound or commercial formulation). It reduced nieeronal cell viability of more
than 3.3 fold compared to IMI effect alone.

Activation of phosphorylated ERK resulted as thestmgensitive endpoint
with an early response at IMI concentrations of 400 (102.2 mg L%). Cellular
CAT activity was not induced after IMI exposure t lslhowed an increasing trend.
However, elevated cellular ROS production causedeguent peroxidative damage
of lipid membrane which was confirmed with elevateslues of LP. In general,
toxicity tests performed on neuronal cells demaitstt an overall cellular dynamics
related to induced oxidative stress with activaiet? factor and MAPK kinases as

well as elevated LP.
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Table 12: NOEC and LOEC values obtained for appligdvitro models and measured endpoints.

Chemical
IMI Confidor 200SL 6CNA desnitro-IMI olefin-IMI 5-hydroxy-IMI

Endpoint (mg LY (a.i. IMI mg LY (mg LY (mg LY (mg LY (mg LY

NOEC LOEC| NOEC LOEC| NOEC LOEQ NOEC LOEC| NOEC LOEQ NOEC LOEC
IN VITRO
(F11 cells)
Cell survival (24 h) 25.6 51.1 255.6 1022.4630 >630 247.1 988.5253.6 1014.1 271.6 1086.
Cell survival (48 h) 127.8 255.4 51.1 127.831.5 78.7 123.6 247.1253.6 1014.4 271.6 1086.
ERK induction <102.2 102.2 n. t. n. g n.t. n.t n.t. n.tn.t n. t. n.t n. t
(30 min)
p38 induction (30 min) | 102.2 1022.4 n.t. n.gn.t n.tn.t n.tnt n.t.n.t n. t
Nrf2 induction (24 h) <511.2 511.2 n. t. n.tnt n.t.n.t n.tnt n.t.n.t n. t
MMP alterations <1022.4 10224 n.t. n.ttn.t n.tnt n.tnt n.{n.t n. t
(15 min)
CAT (24 h) 1022.4 >1022.4 n.t. n.gn.t n.t.n.t n.tnt n.t.n.t n. t
CAT (48 h) 1022.4 >1022.4 n.t. n.t n.t n.tn.t n.tn.t n.tn.t n. t
LP (24 h) <255.6 255.6 n.t. n.gn.t n.t.n.t n.tnt n.gn.t n. t
LP (48 h) <255.6 255.6 n.t. n.gn.t n.t.n.t n.tnt n.t. n.t n. t.

Abbreviations: n. tnot tested
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Table 12: NOEC and LOEC values obtained for appligdvitro models and measured endpoint. (continued)

Chemical
IMI Confidor 200SL 6CNA desnitro-IMI olefin-IMI 5-hydroxy-IMI

Endpoint (mg LY (a.i. IMI mg LY (mg LY (mg LY (mg LY (mg LY

NOEC LOEC| NOEC LOEQ NOEC LOEC| NOEC LOEQ NOEC LOEC| NOEC LOEQ
IN VITRO
(S. typhimurium)
Base pair substitution | 255.6 255.6 | 255.6 255.6| 157.5 >157.5| n. t n.t.|nt n.t|nt n.t
(48 h)
Frame shift mutation 255.6 >255.6 | 255.6 >255.6 | 157.5 >157.5 | n. t. n.t|nt n.t|nt n.t.

(48 h)

Abbreviations: n. tnot tested



3.1.5. HPLC and LC-MS analysis of imidacloprid pregnce in F11 cells

In order to test IMI toxicity on a mammalian cedlulmodel, we tested
concurrently the presence of IMI and its TPs in tel culture medium through
HPLC-DAD analyses, while through LC-MS analyses wested the presence of
these compounds inside cells and its capabilignter cellular compartments. These
analyses were performed only on the highest coretém of 4000uM; 1022.4 mg
L that induced some significant effects on cell swaki High concentration of
tested compounds was also selected to ensure |goskatection of TPs formed
during the incubation period of 48 h. With highenaunts of IMI (up to 1022.4 mg
L) if the TPs are formed is possible to have thera détectable/measurable level,
otherwise the concentrations were be too low ewehifjhly sensitive methods.

In Fig. 41A are shown representative absorbanceedraof HPLC-DAD
analysis of cell culture medium containing IMI (£0aM; 1022.4 mg [%) as fresh
solution (0 h) without cells (blue line), solutiaf IMI incubated for 48 h without
cells (black line) and solution of IMI incubatedrfd8 h with cells (red line).
Incubation of IMI for 48 h at 37 °C reduced the pasgnal at 55.7 £ 3.2 % with
cells and at 67.8 = 1.2 % without cells (n=3) comepato control (fresh and not
incubated solution of IMI) expressed as ¢[%]. The actual concentration reduction
expressed in mgtwas: for fresh IMI at 0 h (983.4 + mg'), for incubated medium
(48 h) containing IMI without cells (685.2 + 7.7 rhgd) and with cells (561.8 + 14.4
mg LY). These data demonstrated a significant degradafiévll in absence of cells
(after 48 h in dark at 37 °C) and even a stronljrdisappearance through possible
biotransformation processes in presence of celieiuthe same conditions (p<0.05).
Due to the applied high concentrations of IMI itsvexpected the formation and
detection of possible TPs. However, at the momerdugh LC-MS analyses this
metabolites released in culture medium were naated.

In addition, cell lysate were also qualitativelyalysed for the presence of
IMI and its potential TPs (i.e. metabolites) witR1MS. Cell lysate chromatograms
showed the presence of IMI in the cell lysate (fed), which was confirmed with
the extracted ions for the peak at 6.8 min (Fid8 4hd 41C). Also in this case, no
emerging of additional peaks was present that caulggest possible biological
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transformation of IMI in presence of mammalian €eliithin 48 h incubation period

and these issues are still under investigation.
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Figure 41: A. Representative peaks of HPLC analysiscell culture medium samples containing
IMI (4000 uM, 1022.4 mg [). Fresh IMI (0 h) without cells (blue line), incuated IMI (48 h)
without cells (black line) and incubated IMI (48 hywith cells (red line). B. LC-MS total ion
chromatograms of cell lysate exposed to IMI (40M; 1022.4 mg L) for 48 h (red line) over-
imposed to total ion chromatograms of cell lysaite control group without IMI (blue line) and lysis
buffer alone as blank (black line). C. Total ion cbmatogram of cell lysate treated with IMI with

extracted ions for peaks at 6.8 min (1D) (n=3).
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3.2.In vitro model: Salmonella typhimurium

In the S. typhimuriunreverse mutation assay with metabolic activation IM
tested as pure compound, as Confidor 200SL an@iFt&CNA did not cause any
mutations. The determination of mutagenicity induced by IMldaits TP was
performed using two bacterial strains (TA98 and U@)land addition of metabolic
S9 fraction in Ames test (ISO 16240, 2005).

The results of the mutagenicity conducted with &f&tfon in Salmonella
tested strains are presented in Table 13. Amincdflu® (2-AF) and methyl
methanesulfonate (MMS) were used as the positimralofor mutagen action. The
maximum tested doses for each compound was ch@sad lbn non-toxic effect of
this dose on bacterial growth. Results revealed #ilathree tested compounds
produced no mutagenicity (at least > or = to twiokfbackground - control only)
colonies with metabolic activation.

It is important to mention that only after Confid200SL exposure a minor
slight increase of the number of TA100 revertantss woticed, which indicated
possible potential for mutagenic impact. The nurslmrspontaneous revertants of
TA100 is ~100 and for Confidor 200SL were preseatigs of 174 and 183 (but only
in two replicates) and were not statistically sfig@int. In summary, no specific
mutagenic potential or effect was noticed at thghést tested concentration (Table
12 and 13). These data are in concomitance withique studies with IMI that did
not show any mutations, with or without metabolatiation, in the Ames test
(JMPR, 2001).
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Table 13: Mutagenicity test responses after treatmeith IMI, Confidor 200SL and 6CNA with

addition of S9 metabolic fraction in Ames test (nN=6

Chemicals His" revertant/platé Number of Number of
revertants revertants

Doses —ug/plate M) TA98 TA100

Positive control (2AF; MMS) 20 pg; 2ul/plate >2000 >2000
Control (no chemicals) 192+1.4 122 +2
IMIDACLOPRID
0.053 (30) 225+15 128.5+22.5
0.178 (100) 25+6 139.5+125
1.78  (1000) 27.5+0.5 132+7
CONFIDOR 200SL
0.265 (30) 21+1 150+ 3.5
0.89  (100) 26.5+ 3.5 158 + 16
8.9 (1000) 19.5+25 161.5+21
6CNA
0.033 (30) 26.5+ 35 1225+6.5
0.11  (100) 181 131.5+45
1.11  (1000) 20.5+0.5 102+1

#Data represent the mean revertants + standard @frdata from two independent experiments, each
having three replicates1(= 6). The numbers of revertants that are > or =-fold above that of

negative control (without tested chemicals add)tiare regarded as the positive response.
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3.3.In vivo models

In the following sections are presented the reswgiative to comparative
toxicity testing of IMI, Confidor 200SL and four IR TP performed on differenh
vivo laboratory bioassay usiny: fischerj D. subspicatugndG. fossarum

3.3.1. Toxicity testing with marine luminescent baeria Vibrio fischeri

Toxicity testing of aqueous solutions for three IMetabolites (5-hydroxy-
IMI, desnitro-IMI and olefin-IMI) was performed arte results revealed the highest
toxicity in case of olefin-IMI. The toxicity trendor these three compounds was

olefin IMI > desnitro IMI > 5-hydroxy IMI. The redts are presented in Table 14.

Table 14: Inhibition V. fischeri bacterial luminescence after 30 min exposure tdgdroxy-IMI,
desnitro-IMI and olefin-IMI aqueous solutions.

Concentration Inhilmin of luminescence
chemical %
[mg L]
olefin-IMI desnitro-IMI 5-hydroxy-IMI
0.39 2.25 + 2.66 4,27 + 0.58 6.00+ 0.98
0.78 2.13 + 0.36 9.74 + 0.58 7.13 + 0.37
1.56 6.74 + 0.18 481 £ 0.25 6.53 + 1.1
3.12 7.06 =+ 2.05 496 + 0.58 8.71 + 0.65
6.25 10.99 + 2.53 576 + 1 8.88 + 0.15
12.5 125 + 2.73 9.38 + 0.05 10.13 +£0.31
25 20.39 + 0.67 14.99 +0.41 10.73 +£0.06
50 27.74 + 1.58 19.79 £0 19.54 +0.28
100 44.33 + 0.56 36.6 + 0.68 34.54 +0.09

On the basis of results listed above, the dosersspcurves for all three TPs
were derived. For all three compounds, the intohitof luminescence with tested
concentrations was too low and in this case only,k&lues were obtained. The 30
min EGy for olefin-IMI was of 25.08 mg L, for desnitro-IMI of 48.23 mg t and
for 5-hydroxy-IMI of 51.04 mg [* based on graphical extrapolation from obtained
curves (Fig. 42A, B and C). Also, based on obtaihedlues for EC calculation
(presented in Annexes), additional graphs with gamwalues and its linear

regression are shown in Fig. 42a and comparablaiBEG,, values were obtained
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(ECyo for olefin-IMI was of 22.57 mg t, for desnitro-IMI of 41.56 mg Tt and for 5-
hydroxy-IMI of 46.01 mg [).
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Figure 42: Dose response curve for aqueous solutioholefin-IMI (A), desnitro-IMI (B) and 5-

hydroxy-IMI (C) for V. fischeri luminescent bacteria within 30 minutes of exposuyre=2).
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Figure 42a: Gamma values ploted against their cap®nding chemical concentration (A) olefin-

IMI, (B) desnitro-IMI, (C) 5-hydroxy-IMI. EC,oVvalue is given by the point of intersection witheth
x-axis atr = 0.25.

Data on the toxicity of all tested compounds aresented in Table 15 with
corresponding EC or IC values. Data relative to, IBldnfidor 200SL and 6CNA are
obtained from previous studies and are listed ftelo comparison of toxic effects
within all tested compounds. Based on alkiE&hd EGy data, 6CNA resulted as the
most biologically active and toxic for. fischerifollowed by Confidor 200SL and

IMI. From three additionally tested IMI's TP, olefiMI toxicity could deserve some
further consideration and testing.
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Table 15: EC and IC values obtained for appliedvivo models and measured endpoints.

Chemical
IMI Confidor 200SL 6CNA desnitro-IMI olefin-IMI 5-hydroxy-IMI

Endpoint (mg LY (a.i. IMI mg LY (mg LY (mg LY (mg LY (mg LY
IN VIVO
(V. fischeri)
Luminescence <619 IG=61.9 | <56 IG=56" | <15.1 EG=15.1° | <48.23 EG,=48.23| <25.08 EG=25.08 | <51.04 EG=51.04
inhibition
(30 min) 1G, =80

1G=226"

(159-322)

aTisleret al, 2009

®Dell'Arciprete et al, 2009

¢ Zabar, 2012
4 Kungoloset al, 2009




3.3.2. Water quality parameters and stability studywith green microalgae and
crustacean amphipod

Water quality parameters were measured for all watemples from the
sampling site and during toxicity tests with subspicatusand G. fossarum No
significant changes were observed through wholesgxgental trial (n=10). Mean
values were as follows: pH 7.9 = 0.1, temperatude7 1+ 0.3 °C and water
conductivity of 378.3 + 21.7:S cm'. The water had average oxygen concentration
of 9.8 + 0.2 mg [ and saturation of 95.8 + 2.3 %. Mean values of T&D@ TN at
the water source location were 8.7 + 0.1 and O ritg respectively. Moreover,
dissolved oxygen concentration during whole expental trial was between 70 %
and 80 % of saturation. These were all acceptatneitons for toxicity test (EPA,
1996).

Our experiments showed no significant changes ntewotration of IMI and
6CNA in test solutions during 24 h (amphipods) &&dh (algae) exposure (Table
16). The actual exposure concentrations of bothmateds did not differ by more
than 3.4 + 0.3 % (for concentrations in tests vaithphipods) and by 15.8 + 0.4 %
(for concentrations in tests with algae) from timéial concentrations. IMI and
6CNA concentrations were consistent over time litesits (Table 16). Therefore the

results are given in nominal concentrations, agessigd by ISO 10706 (2000).
3.3.3. Algae toxicity test

Algal chronic toxicity revealed a high toxic potehtof 6CNA at the highest
concentration (Fig. 43C). 6CNA induced some pedd® alterations in algae
growth, causing slight and temporary inhibitioneets at lower doses (4.7 and 15.7
mg L?) already after 24 h compared to control (p<0.65y.(43C). The highest dose
of 6CNA extensively suppressed the algal growtiNA@duced acidification of the
algal medium (pH up to 5.5 + 0.1; n=3). In all athlgroups, pH did not deviate
significantly from the initial values as in the easf 6CNA at the highest dose.
Overall 6CNA effects were stimulatory on algae gitovwajor stimulatory effect of
6CNA was observed at 31.5 mg'L(48 h) reaching 176.4 + 3.4 % and stayed
significantly increased also after 72 h comparedawetrol (p < 0.001) (Fig. 43C). It
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was not possible to calculate thesd®@alue for IMI due to its low inhibitory effects
within the entire range of tested concentrationg. (#3A). Furthermore, the toxicity
of Confidor 200SL ranged from 27.9 % up to 49.7ZFP4. 43B). Inhibition of algal

growth was significant at 127.8 and 255.6 mg ¢ompared to control (p<0.01).
Higher toxicity of Confidor 200SL was possibly irakd by known co-formulants
present in the commercial formulation which conitésl as a major part to toxicity
for algae. These co-formulants (DMSO and NMP) alamguced a significant
inhibition of 82.3 % and 89.7 % (at 0.06 and 0.12 W) compared to control
(p<0.001) (Fig. 43B).

Table 16: Mean + standard error detected concenimas expressed agg L™ and mg L* of IMI
and 6CNA in aqueous samples for the 24Gh fossarumand 96 hD. subspicatusstatic toxicity
tests (n=3).

G. fossarum D. subspicatus
Nominal Nominal
concentration Dark T=22°C concentration Light T=22°C
(ug L) [ng L] (mg L) [mg L]
ML Oh 24h | IML Oh 96 h
102.2 105.5+25 99.7+0J)7.6 75+0.1 6.4+0.1
153.3 154.7 £ 0.7 148.5 £+ 1.425.6 26.3+0.5 21.9+0.5
204.5 203.9+1.8 198.1 £ 0.p51.1 51.4+12 44 +1 .4
255.6 254.2+ 1.6 250.8 +0.4127.8 127.4+0.7 103.6 +2.2
511.3 511.7£0.18 481.2 £+ 0p255.6 255.1+0.8 240.4 £2.9
6CNA 0h 24h | 6CNA 0h 96 h
62.8 62.4+0.5 63.3+0.p4.7 45+0.1 41+0.1
94.6 93.5+0.8 92 +0B15.7 148+ 0.5 14+0.2
126.2 127.3+0.4 120+ 0.p31.5 29.9+0.9 28.7+0.6
157.7 157.4+0.9 152.6 +1J178.7 771+13 71.1+£0.8
315.5 315.7+0.3 310.1 +1.p157.5 156.1+£0.8 122.3 £2.6

116



§

% of algal growih
-8 B8

S5 200
9 00X 001002 Q05 Ot
150 4 150 A B viv
-g -+ control -g e, B
2 400 &+ 76mglL? % 100 4 i
o & 256mg L s s
® : N
® v stimglt D — 5 xﬁ",,/ﬁ
. + 1278mglt g5 0 ] %
° - 2556mgl

0 24 48 72 96

0 24 48 72 96
Time (ho
ime (hours) C o

Time (hours)

150 A

-~ control

& 47 mglL?
-4~ 157mg L
¥ 31.5mgL?!
- 78.7mg L
® 1575mg L

100

50 A

% ofalgal growth

0 -4

Time (hours)

Figure 43: D. subspicatus% of algal growth compared to control after expasuto IMI (A)
Confidor 200SL (B) and 6CNA (C) at 24, 48, 72 an€l B. The inside graph represents exposure to
negative control (known co-formulants only). Dataereported as mean + standard error (n = 3).
p<0.001 (***), p < 0.01 (**), and p < 0.05 (*).

3.3.4. Amphipods toxicity test
3.3.4.1. Survival rate and behavioural alterations

After 24 h of acute toxicity test, monitored in gloups were: (1) the number
of dead amphipods (mortality) and (2) the numbieimmaobile/paralysed or recently
moulted amphipods. Only male adult specimens weeal dor laboratory tests. All
specimens presented a mean total body length 86120.25 mm and mean weight
of 0.029 + 0.002 g. Individuals which sex was naofsgible to determine were
classified as juveniles and not used for this netea

The negative control (mixture of known co-formurm®MSO and NMP) did
not have any adverse effects@nfossarumnat all tested concentrations (data present

in Annex section). Due to this fact, all values &geompared to control (only stream
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water). Furthermore, concentrations of all testmhpounds lower than 1022 L™
for IMI and 62.8ug L™ for 6CNA did not induce significant effects comgdrto
control (data present in Annex section).

Average mortality in control groups was between2121 and 4.3 £ 1.9 % in
all bioassays. Our data demonstrated slight toxiaft IMI with minor changes in
mortality rate (Fig. 44A). IMI induced only 22.3 209 % of dead organisms at
102.2pug L. Commercial formulation Confidor 200SL demonstagn increased
effect on mortality, especially at higher concetitras. Percentages of dead
organisms at 255.6 and 5138 L™ of a. i. reached 40 + 5.7 % and 45.5 + 7.3 %,
respectively (Fig. 44A). This increased mortalityasvsignificant for the both
concentrations (p<0.05). On the contrary, 6CNA stabvan overall low toxicity,
ranging from 8.6 + 1.9 % up to 14.1 + 1.1 % (at36&nd 315.5ug L™, respectively;
Fig. 44B).

118



>

60—

o . ,
] Z
=
E 40+
=
£
-
[=]
E 20+ dead/live - IMI
§ 7772 dead/live- Confidor
=

0 T

control 1022 153.3 2045 2556 511.3
[ug L]

B

60-
2
= 3
3
3 40
°
£
s
(=]
@ 20-
F-]
£ B dead/live- 6 CNA
=

0 T

control  62.8 94.6 126.2 157.7 3155

[ng L]

Figure 44: Mortality rate ofG. fossarumafter 24 h of exposure to IMI or Confidor 200SL {fand
6CNA (B). (n=50). p < 0.001 (***), p < 0.01 (**),r&d p < 0.05 (*).

At 511.3ug L of IMI and Confidor 200SL was present a high numbk
inactive animals with only respiration movementke3e values were of 76.6 = 6.6
% for IMI and of 90 £ 5.7 % for Confidor 200SL (p€01; compared to control)
(Table 17). It is also interesting to report thentner of animals that underwent moult
(leaving the entire oleexuvig after treatment with tested compounds, apparently
stimulatory effect on moult processes was dueédatition of transformation product
6CNA. Number of moulted amphipods after 24 h expesa 6CNA at 315.;g L™
was of 56.6 = 3.3 % (p<0.001) (Table 17). Numbemaiulted animals waminor
after 24 h of exposure to IMI and Confidor 200SI5a1.3pg L™ (23.3 + 3.3 % and
13.3 £ 3.3 %, respectively; p>0.05). 6CNA seemedhthuce overall hyperactivity

and rapid swimming (with numerous sideways and {zaakforth movements)
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which affected 80 + 5.7 % of total treated gammerad 315.5ug L. 6CNA

(compared to control; p<0.001). Numbers of coumelividuals which presented the

described behavioural characteristic are summaiiséichble 17. It is important to

emphasise that this data need further quantificatidh technologies that allow a

more detailed analyses and recording of behavigatérns, also including the fact

of high inter-individual variability which make di€ulties in data interpretation after

statistical analyses (Maleat al, 2012).

Table 17: Percentage of immobile/paralysed, hypérae and moulted individuals o6. fossarum
(% of total treated animals) exposed to IMI, Conéid 200SL and 6CNA for 24 h. Data are
expressed as mean + standard error (n=30). p < 0.00*), p <0.01 (**), and p < 0.05 (*).

%

%

%

Nominal Immobile/paralysed Hyperactive Moulted
concentration individuals individuals individuals
(ug L)
IMI_
Control none none
102.2 16.6 + 3.3 (**) None for all groups 10+5.7
153.3 16.6 £ 8.8 13.3+3.3
204.5 13.3+£3.3 23.3+8.8
255.6 43.3 £ 3.3 (**¥) 26.6 £ 3.3 (*)
511.3 76.6 £ 6.6 (**¥) 23.3+3.3(*)

Confidor 200SL

Control none none
102.2 23.3+3.3(*) None for all groups 6.6 £3.3
153.3 33.3+3.3(*) 13.3+3.3
204.5 46.6 £ 14.5 (**) 13.3+8.8
255.6 56.6 £ 3.3 (***) 10+£0
511.3 90 £5.7(***) 13.3£3.33
6CNA

Control none None
62.8 None for all groups 16.6 + 3.3 (**) 20£5.7 (*¥
94.6 23.3+3.3(*) 33.3+3.3(*)
126.2 43.3 £ 3.3 (***) 43.3+12 (*)
157.7 43.3 £ 3.3 (**) 46.6 + 3.3 (***)
315.5 80 + 5.7 (**¥) 56.6 + 3.3 (***)




3.3.4.2 Effects on enzyme activities and lipid pexadation

Results of enzyme activities were expressed petejprocontent, since
changes in the protein were not significant assaltef 24 h exposure to all tested
compounds.

In this study a possible indirect effect of IMI oAChE activity in
neonicotinoid exposed gammarids was tested as mapker of the cholinergic
system.G. fossarumexposed to IMI displayed no significant changesAGhE
activity at all concentrations (data not presentedraph). The AChE values at all
exposure concentrations of IMI ranged between #.6.8 and 78.2 + 11.6
umol/min/mg proteins (p>0.05; compared to contrGAT activity was not modified
after IMI exposure (Fig. 45A). The values rangetiieen 22.04 £ 1.5mol/min/mg
protein for control and 28.4 + 8y6mol/min/mg protein at 255.6g L™*. Commercial
formulation induced a moderate change in CAT at.34 L™ a. i. going up to
48.06 + 9.7umol/min/mg protein compared to control (p<0.05).10és of CAT
activity in the case of exposure to 6CNA reache® 486.7 umol/min/mg protein
already at 157.1g L™ (p<0.001) (Fig. 45B). After exposure to Confid@05L two
different outcomes for GST activity at 255.6 andl.3Iug L™ were evident (Fig.
46A). At 255.6ug L' was present an observable, but statistically fmptificant
decrease in GST activity (p = 0.053). The value&8T went from control values of
419.1 = 101.8 nmol/min/mg protein to 286.8 + 92nfol/min/mg protein at 255.6
ng L™ Higher concentration of Confidor 200SL (51118 L™ of a. i.) induced an
increase of GST activity up to 831£4117.2 nmol/min/mg protein (p<0.05). IMI and
6CNA exposure provoked no significant changes inl Gftivity compared to
control (p>0.05) (Fig. 46A and 46B, respectivelfll induced at 102.21g L™ an
increase in LP levels (Fig. 47A). This increase wasfold higher in contrast to the
control group (p<0.01). On contrary, Confidor 200Biduced significant rise of
TBARS only at higher dose (2558 L™ of a. i.; p<0.05). This increase was lower
than the significant peak induced by IMI at 10a@®L™ (Fig. 47A). No significant
effect of 6CNA on LP increase was noted after 24 &ll concentrations (Fig. 47B).
However, it was detected a significant decreasd Pfvalues at 315.5ug L™

compared to control (p<0.001).
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Figure 45: Whole-body CAT activityufnol/min/mg protein) ofG. fossarummeasured after 24 h of
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(***), p<0.01 (**), and p < 0.05 (*).
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3.3.4.3 Effects on MXR mechanism

Contaminants in ecosystems can occur as completiurajso it is important
to consider their possible synergistic, additive amtagonistic action and to
understand the interactions between stressor tdifig¢he appropriate application of
laboratory studies to the environment (Herbrandsbal, 2003). To test possible
synergistic effect was selected copper sulphateS(@uwhich can be found as a
solution in most running waters. Cus@® in large amounts used as fungicide in
agriculture and could interact with neonicotinaidecticide (i. e. IMI).

The testing of MXR potential inG. fossarumwas performed by the
accumulation version of the exclusion dye assayngqu&h B as a model MXR
substrate). Obtained data are shown in Fig. 48.afmmals were exposed to IMI or
Confidor 200SL (3 or 3@M:; 0.7 or 7.6 mg [%) and 6CNA (3 or 3QM; 0.4 or 4.7
mg L) and copper sulphate (0.75; 3 andptpL™” copper a.i.), as pure compounds
and mixtures.

In the presence of high concentrations of MXR iitbils (20uM VER and
10 uM CA, respectively) the accumulation of Rh B in thieole body of amphipods
increase of 112.3 + 30.1 % (VER) and 78.4 = 22.2CA) in comparison to control
(100 £ 0.0 %). VER resulted as a better competitivabitor, which contends with
active sites for the dye and the animals were reensitive to its presence.

No inhibitory effect of IMI and its commercial foutation was observed vs.
control. Interestingly, lower concentration of 6CNWad inhibitory effect on
membrane transporters causing accumulation of R20B.2 + 49.9 %; p<0.05).

Rh B accumulation in whole body exposed to mixwfréMI and copper (10
ug LY as mixture was of 194.3 + 82.8 %, while for amphip@xposed to 6CNA
and copper (1Qug L) was of 196.4 + 17.4 % higher in comparison to tamn
(p<0.05). This inhibitory effect was relevant andgndficant showing dye
accumulation and possible synergistic effect of With copper inG. fossarumlt is
important to note high inhibitory effect of 6CNAoale which exclude possible

synergism with copper as in case of IMI. (Fig. 48).
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Figure 48: Inhibitory potential of IMI, Confidor 2SL and 6CNA (0.7 or 7.6 mg1) and copper
(3 and 10xg L™ on the accumulation of fluorescent Rh B dye iG. fossarum. Results are
expressed in fluorescence units (f.u.) normalised total animal wet body weight expressed as
percentage average of n=3 separated experiments05 (*).

IMI, Confidor 200SL and 6CNA toxicity t®. subspicatuandG. fossarum
in 24 h (acute) and 96 h (sub-chronic) exposure alss expressed as NOEC and
LOEC values based on measured parameters — enslfbatile 15).

It is clearly shown a different effect mode of aatiof IMI/Confidor 200SL
and 6CNA on freshwater algae growth. IMI testechalas pure compound showed
no significant effects on algae, while Confidor 300 due to known co-formulants
present in the marketed mixture induced significhterse and inhibitory effect on
algal growth. On contrary, 6CNA had a stimulatong daormetic effect that induced
strong algal proliferation at all concentrationg8.7 mg L. These specific effects
and highly diverse algae responses after exposuddit and its TPs confirmed
measurement of algae growth as a suitable bioméddeeneonicotinoid toxicity
testing.

In amphipods was confirmed also a different toxicechmnism of
IMI/Confidor 200SL and 6CNA. In specific this efteavas noticed on level of
physiological biomarker such as behavioural alienst IMI and Confidor 200SL
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induced mostly amphipod immobilisation, while 6CN&as affecting through
amphipod hyperactivity and increased moult freqyenBased on high-level
(physiological) measured endpoint such as behav@drh) the toxicity trend of
tested compound could be presented as: Confidd81200MI < 6CNA, while based
on mortality this trend was slightly modified: IMI6CNA < Confidor 200SL.

The NOEC and LOEC values for the different chensicahd endpoints in
amphipods ranged from 62.8 to 769§ L' of all tested chemicals (Table 15
continued). In general, was shown a complex readiothe tested chemicals (i.e.
6CNA) with specific behavioural response and inducgidative stress. In addition,
were noticed possible effect on membrane levelpydative damage of lipid
membrane as well as effect on level of membramesparters (e.g. MXR endpoint).
This latter biomarker results as a useful earlyaidor fast screening short-term (1
h) acute neonicotinoid exposure at higher concgotrs, which needs further

considerations and standardisation.
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Table 15a;: NOEC and LOEC values obtained for in diggl vivo models and measured endpoints. (continued

Chemical
IMI Confidor 200SL 6CNA desnitro-IMI olefin-IMI 5-hydroxy-IMI

Endpoint (mg LY (a.i. IMI mg LY (in mg LY (mg LY (mg LY (mg LY

NOEC LOEQ NOEC LOEC| NOEC LOEQ NOEC LOEC| NOEC LOEC| NOEC LOEC
IN VIVO
(D. subspicatup
Algae growth 255.6 >255.6 <255.6 255.6 <4.7 4.7n.t. n.tf n.t n.gn.t n.
inhibition (24 h)
Algae growth n. e. n.e.n.e. n.e.n.e. n.e.n.t. n.tn.t n.t.n.t n.
proliferation (24 h)
Algae growth 255.6 >255.6 <25.6 25.6 <157.5 157.5n. n.tn.t n.tn.t n. t
inhibition (48 h)
Algae growth <25.6 25.6 <7.6 7.6 15.7 31.5n. n.tf n.t n.gn.t n. t
proliferation (48 h)
Algae growth 255.6 >255.651.1 127.8 <157.5 157.5n. n.tf n.t n.gn.t n. t
inhibition (72 h)
Algae growth <25.6 25.6<7.6 7.6 15.7 31.5n. n.tf n.t n.gn.t n. t
proliferation (72 h)
Algae growth 255.6 >255.6| 51.1 127.8 <157.5 157.5n. n.tj n.t n.tn.t n. t
inhibition (96 h)
Algae growth 255.6 >255.6 <7.6 7.6 <315 315 n.t. n.gn.t n.gn.t n. t

proliferation (96 h)
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Table 15a;: NOEC and LOEC values obtained for appli| vivo models and measured endpoints. (continued

Chemical
IMI Confidor 200SL 6CNA desnitro-IMI olefin-IMI 5-hydroxy-IMI
(inug LY (a.i. IMl'in ug LY (inug LY (inug LY (inug LY (inug LY

Endpoint NOEC LOEC, NOEC LOEC| NOEC LOEC | NOEC LOEC | NOEC LOEC| NOEC LOEC
IN VIVO
(G. fossarun)
Mortality (24 h) 511.3 n.e. | 204.5 255.6 315.5 n.e. n.t. n.t.| n.t n.t| n.t n. t
Behavioural <102.2 102.2 | <102.2 102.2| <62.8 62.8 n. t. n.t.| n.t n.t| n.t n. t
alterations (24 h) (immobile) (immobile) (hyperactive)

204.5 255.6 <62.8 62.8

(moulted) (moulted)
AChE (24 h) 511.3 n.e. n. t. n.t.| n.t n. t. n. t. n.t. | n.t n.t| n.t n. t
CAT (24 h) 511.3 n.e. 255.6 511.3| 126.2 157.7 n.t. n.t. | nt n.t| n.t n. t
GST (24 h) 511.3 n.e. 255.6 511.3| 315.5 n.e. n.t. n.t. | nt n.t| n.t n. t
LP (24 h) <102.2 102.2 | 204.5 255.6| 126.2 157.5 n.t. n.t. | nt n.t| n.t n. t.
(decreased LP

MXR (1 h) 76mgL' n.e. |76mgL' n.e. |<04mgL* 04mgl* |n.t n.t. |n.t n.t| n.t n. t.

Abbreviations: n. e. not evaluated; n. t. not tdste






DISCUSSION







4. Discussion

In vitro

The utilisation ofin vitro test models such as immortalised neuronal cedklin
is growing of importance in human and environmetdaicology. All interactions
between chemicals and biota occur firstly on thell®f cell. Therefore, the use of
cell culture in assessment and detection of pasgintic effects of chemical (e.g.
pesticides) can be useful (Segner and Braunbe®&8)1%reat amounts of different
pesticides, especially insecticides are used wadehand 5 % of whole population
(mainly agricultural workers) are directly expostxd them. According to recent
reports, this part of population is calculated ® df 2.6 million persons (David,
2004; Najafiet al, 2010). Chronic exposure to pesticides has basocated in
humans to several diseases of nervous systemgdinglmeurodegenerative diseases
and peripheral neuropathies in adult and childh@&s#enazet al, 2008). Prolonged
pesticides affecting of neurotransmitter releaseremeptors operation in human
nervous system may lead to synaptic plasticitygi@sting hypersensitisation or
induction/attenuation of molecular mechanisms furonal cell survival.

All these effects present a novel area of reseavbich needs further
clarifications because there are still a limiteantner of studies that are referring to
IMI in terms of both contaminant and as potentatdrd for the additive/cumulative
effects on human health. Recently, research sfibid is concentrating on IMI and
its TPs-mediated toxic effects with biochemical amalecular approaches performed
on suitable neuronal cell lines (Table 5 and 6).eWwhealing with the issue of IMI
effects on signalling pathways one should mentioa well-known fact that both
inorganic and organic chemicals can stimulate R@&Iyxction (Viarengoet al.,
2002).

IMI and its TPs also elicit acute intracellular pesses, particularly in
relation to signal integration pathways in mamnrakalls. In neuroblastoma cells,
low levels of these compounds (i.e. IMI and desnill) activate the extracellular-
regulated MAPK kinase cascade (in specific ERK) m&ChRs and intracellular
calcium mobilisation, leading to possible attenoatiof neuronal functions
(Tomizawa and Casida, 2002). In our study, Flisdetlated with IMI showed short-
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term and transient p38 and ERK MAPK activation, le/linhibition of p38 MAPK,
blocked and attenuated IMI-induced cell death prguts involvement in oxidative
stress pathway. Pesticides are known to induceatix@ stress by generation of free
radicals that might cause LP, alternations in memérfluidity and DNA damage.
El-Gendyet al.(2010) observed a marked increase in the activitidbe antioxidant
enzymes SOD and CAT after IMI treatments in aduttenSince these enzymes are
the first lines of defence against the oxygen fradicals, such increase in the
activities has been attributed to the defence nmashes against oxidative stress in
the process of attempted cellular rep#ir.the same study, IMI treatment to mice
indicated a marked increase in the hepatic LP. g hesults are parallel to the data of
Khan and Kour (2007); Yet al (2008); Duzguner and Erdogan (2010) and Kapoor
et al (2011) with increased LP values, altered SOD AT @ctivity and decrease in
GSH content suggesting that induction of oxidastress is perhaps the central way
by which IMI exerts its cytotoxic effects (Khan amkaur, 2007; El-Gendyet al,
2010). Our data demonstrated a moderate toxicityMdf however associated with
activation of stress oxidative responses. A possdicumulation of intracellular
ROS induced by IMI-exposure led to increased lewe¢lsP and slightly improved
CAT activity. These results indicate that the ias® in oxidative stress has a
potential crucial role in the neurotoxicity of INH F11 cells.

Oxidative stress is one of the most important patsMeading to neuronal
cell death (Leeet al, 2011). This phenomenon is commonly observed whes
radicals, such as ROS or RNS overcome cellularogdiant system and induce
cellular damage. ROSs and subsequent oxidative gnead to disruption of
cellular membrane integrity and mitochondrial dysfiions. In F11 cells, IMI (at
higher concentration) affected also mitochondriaisoagy substantial decrease of
MMP and consequent loss of mitochondrial activitythis study was observed that
incubation of F11 cell with IMI induced oxidativéress and that IMI-induced cell
death was diminished by pre-treatment with antiartd (i.e. NAC known as vitamin
C and vitamin E). NAC can directly and rapidly seage free radicals or quench
their reactivity and can act by up-regulating eretagus antioxidant defences. It also,
fights off several pollutants by stimulating enzygrtbat detoxify the cell/organism
(EI-Gendy et al, 2010). Vitamin E is also a naturally occurringidi soluble

antioxidant which protects cells againstmbrane LP and expression of peroxidation
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products including MDA (Jainest al, 2000). Pre-treatment with antioxidant
compounds decreases the generation of ROS pregeahgnpesticide instability in
the antioxidant enzyme activities (Nikit al, 1995; El-Gendyet al, 2010). Our
results have revealed that the pre-treatment ofomsuwith NAC and vitamin E
detoxifies IMI-induced neuronal toxicity due to protion of cells against IMI-
induced toxic effects (inhibition of mitochondriaktivity, LP and ROS action).
Presented data are in accordance with those of &etral. (2007) and El-Gendgt
al. (2010) who confirmed that pre-treatment with vikamE and C protected rats
from chlorpyrifos-induced oxidative stress and dhisined its toxic effects.

Interestingly, the IMI-dependent effects were def@ in the F11 serum
growing line with respect to starved neurons (défeiated), suggesting a different
molecular actiorvia specific elements in the cell, presumably relat®@d mature
neuronal phenotype. Starved neurons were more #ildeeto IMI effect with 50 %
of cell loss already at 340M (86.7 mg L) (still under investigation). A detailed
functional study of the effect of IMI on F11 sermsition is yet to be explored and
may be achieved by functional studies like calciamaging or patch clamp on IMI-
treated cells. A relevant morphological differeneas evident between control cells
and those exposed to high dose of IMI. These diffees were observed as an
important change in the monolayer cell density wb@mpared to control as opposed
to distinguished morphological changes and damagech were also visible.
Despite the subjectivity involved identifying monrgdbgical alterations, all
fluorescence/light microscopy analyses and metlaggdied in this research were
definitely a useful helper in verifying the resaftthe cytotoxicity test (Holleet al,
2000).

The F11 cellular model used in this study was $eesio IMI activation and
showed consequent signs of stress. The cytotoxicftyIMl appeared to be
concentration-dependent in the cell viability tesing an MTT assay. IMI resulted as
moderately toxic to F11 cells with a cell loss d66-% only at concentrations higher
than 400QuM (1022.4 mg [*) after 48 h of exposure. In case of Confidor 2088&
same effect after 48 h was observed at concentgatmver than 4000M a. i. IMI.
No significant effect on cell survival were obsehet concentrations lower than 200
uM (51.1. mg LY for IMI and 500puM (127.8 mg %) for Confidor 200SL. In a

study of Skandranget al. (2006) with differentiated dopaminergic neurooall line
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SH-SY5Y, 50 % of cell death was reached after 7@xposure at 2.5-fold lower
concentration of IMI (1565M; 400 ng mL?) and 5-fold lower concentrations of
Confidor 200SL (782uM; 200 ug mL™). Even if in both studies, cytotoxicity was
related to relatively high tested concentration,igt evident that commercial
formulations were more aggressive to biological eledhan the pure compound,
when compared to similar concentrations of activiagple. Similar observations
were reported for marketed mixtures of various fhyxeds and carbamates (Bonatti
et al, 1994; Skandranet al, 2006). Information on inert ingredients is ldyge
treated as business secret, but these chemicadshesn shown to exert additive or
synergistic toxicity, due to their specific mode a€tion or by increasing the
bioavailability and effectiveness of the a. i. (Bbget al, 2010). Co-formulants and
additives used in pesticide formulation may presém@mselves as very active,
biologically or chemically, and can be also toxt. the moment more than 500
additives are used as active ingredients (Cox amge®, 2006; De Silvat al,
2010). Moreover, it is rare for the population ® éxposed to insecticides as pure
ingredients and the increase in toxicity of forntiola raises more concerns and
should be further studied.

It is still unclear if, the IMI evoked cytotoxicitys a direct or indirect effect.
One possibility is that IMI, acting as agonist k@hRs (Tomizawa and Casida,
2003) causes a persistent neuronal depolarisatidas a consequence it may induce
the release of molecules or peptides (ATP, glutarnatCGRP) with associated toxic
effects as well as characteristic features of rhibodrial intrinsic apoptotic pathway
such as activation of caspase-9 and -3 and nuotemiensation observed by Hoescht
(DAPI) staining in our study. However, pre-inculoatiwith a specific antagonist of
NAChR a3 subunit which are homogenously highly expressed in Fllscell
(mecamylamine; MEC, Ariast al. 2010) prevented only partially IMI cytotoxicity,
suggesting more complex effects that originate msonAChR-independent manner
and that is impossible to exclude multiple molectdagets of IMI.

Besides IMI are relevant also IMI's TPs (metabglitavhich have been
discussed in other sections of this manuscriptceéSiall of thein vivo toxicology
studies on IMI involve the generation of TPs (imetabolites), the potential toxicity
of the metabolites should be included in the abéldoxicity datalM| goes through

degradation to a large number of metabolites formgdnultiple pathways, both
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alternative and sequential. For example, after admhinistration of“C-methylene
labelled IMI in rats, 95 % of the administered deses absorbed, with an estimated
half-life of 35 min. The maximum concentration*86€-methylene labelled IMI was
reached in blood plasma within 2.5 h after orahtravenous exposure in rats (Klein
and Karl, 1990). Approximately 80% of the administe IMl was excreted in the
urine, and 72 % of the urinary secretion was idiegtias primary metabolite 6CNA
and its glycine conjugate (28 % of the total), meind 5-hydroxy-IMI (as 30 % of
total), and unmodified IMI (15 % of total). In ratxposed orally td*C-IMI labelled
at the 4- and 5- carbon of the imidazolidine rikde(n and Brauner, 1991), the
following metabolites were detected in the urine H8after administration: 5-
hydroxy-IMI: 13.7 - 14.7 %, olefin-IMI: 7.7-9.1 %nd IMI: 6.9 - 14.2 %. Through
biotransformation reactions, IMI forms a large n@mbf metabolites (both ionised
and non-ionised form) which represent activatiod detoxification products relative
to action at the nAChRs and possibly more toxienammalians than their parent
compound (Schulz-Jandet al, 2002; Skandraret al, 2006). Due to these issues,
also IMI TPs were tested during our study for theatential adverse effect on
neuronal cell survival. Obtained data relative tBsTcytotoxicity demonstrated
significant effects only at highest doses (4000; 1022.4 mg [Y) as parent
compound, but this effect was stronger and indumastall cell death, especially in
presence of desnitro-IMI (as expected). From actgrgical point of view, the
metabolite desnitro-IMI is of particular relevangd) this metabolite displays a
nicotinic receptor mode of action with a eviderttigher toxicity to mammals than
IMI, (2) it is a major metabolite producén vitro with human liver microsomes and
(3) besides 6CNA, desnitro-IMI is identified as thajor degradation product of IMI
in the environment (CDPR, 2006).
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Furthermore, it was performed also a mutagenicntiadescreening of IMI,
Confidor 200SL and 6CNA with the use of ISO staddsd Ames test (ISO 16240,
2005), to provide a full picture of neonicotinoiddects on molecular and cellular
mechanisms. Since the introduction of IMI on theeitticide market, its genotoxicity
has been studied in different non-target test asgas Studies showed evidence that
exposure to IMI does not increase the micronuc(®liN¥) frequency inVicia faba
seeds, even though it shows a dose — response Nér @amage induction in
earthwormsiseniafetida (Zanget al, 2000). Increased genotoxicity (MN formation
in rats and mutation induction in a bacterial aysegs found in studies which used
IMI in combination with an organophosphate (Karabapd Oguz, 2005).
Furthermore, one study suggests that IMI and othesticides may render an
organism more susceptible to DNA damage; Seall (1997) found that IMI-
exposed calf thymus cells had significantly incesaamount of damaged DNA than
unexposed control cells. On contraiy,vivo studies with orally administrated IMI
induced no DNA damage. Negative results were obthin Chinese hamster bone
marrow (Herbold, 1989a, b), in mouse germ cellsl{ier, 1990) and no induction
of micronuclei formation in mouse (Herbold, 1988)so, IMI did not cause any
DNA damage in bacterial spores (Watanabe, 1990). our case, neither
IMI/Confidor 200SL nor 6CNA presented any indicatoof possible mutagenic

potential.
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Different studies relative to IMI performed on maaian organism models
(i.e. rats and mice) were mainly focused on evaunabf LDs,, NOEC and LOEC
values for conventional endpoints such as: growéproduction, survival and
behavioural patterns in case of IMI exposure (Tabland 6). In general, IMI
resulted as moderately toxic to mammals via thérorge of exposure which poses
the greatest toxic threat (Mulye, 1996; PMRA, 200Ihere are present several
studies and a great amount of data on human risgsasient for IMI based on this
already established NOEC (NOEL; NOAEL) or LOEC (LQEOAEL) values for
conventional endpoints which are summarised in re¢ueports such as: SERA
(2006), CDPR (2006) and CCME (2007). Based on tdesz U.S. EPA has derived
an acute and chronic reference doses (RfD) for dM0.14 and 0.057 mg/kg/day,
respectively (US EPA, 2003). Acute and chronic Rfde well-documented and
used directly for all longer term exposures to IKhronic RfD value is based on a
NOAEL of 5.7 mg/kg/day in rats (Eiben and Kaliné@91; Eiben, 1991) and an
uncertainty factor of 100 — two factors of 10 farterspecies and intra-species
variability. Acute RfD value is based on a LOAEL4H# mg/kg in rats (Sheets, 1994)
and an uncertainty factor of 300 - a factor of ¢hfer extrapolating NOAEL from
LOAEL, and two factors of 10 for interspecies amdra-species variability. For
workers, the upper range of exposures during thimalobroadcast application lead
to hazard quotients (HQ) of 1.1, while for gengrablic the highest HQ for non-
accidental exposures is 1.5. HQ for accidental sups associated with spills into a
small body of water result in HQs that range frorh (dult male consuming fish) to
15 (child consuming 1 L of contaminated water) (3ER005).

Few data exist on toxicity threshold of pesticid@s pure ingredient,
commercial formulation or TP) in humans or specid&l models. Therefore the
present study was designed to implement and prawvidee information regarding
IMI and its TPs toxicity on neuronal cell line tlugh examination of several
molecular, biochemical and cellular biomarkers (HEg). In addition were provided
data on development of NOEC/LOEC values not merelgted to conventional
endpoints but also to other measured molecular &ikens. Thesén vitro results
support the possibility of potential toxic effectSIMI and its TPs that may induce
chronic sensitisation or long-lasting modulation @ensory neurons and

molecular/biochemical alteration. This process figramary importance in several
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chronic disorders (typically involving sensory nens), like skin hypersensitisation,
airways hypersensitisation and chronic pain, whictight be relevant for
occupational exposure. IMI (as nicotine) may induneuronal plasticity thus
changing the sensitivity to chronic sub-threshelkls of this insecticide. Since high
potential impact on human health by chronic exp®garpollutants, new molecular
findings on alterations at cellular level after IMIPs exposure is environmentally
and medically relevant, especially if considered fagricultural occupational

exposure and toxicology.
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Figure 49: Schematic diagram describing the possibtytotoxic model of IMI and its activated

molecular pathways in human neuroblastoma F11 celf§NM, 2010 with slight modifications).
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In vivo

One problematic of thén vitro assays is that they only give information
about cellular level, so it is important to inteigrahe results with differenh vivo
organism models. In our case besides mammalianmuadel, were used crustacean
G. fossarumfreshwater alga®. subspicatusand the bacteri®. fischeri Different
toxicants act differently and not all living orgamis are equally sensible.
Consequently, single bioassays will never provide averall picture of the
environmental quality and a representative multifget battery should be used
(Bierksen et al, 1998). The use of multi-species laboratory expents with
organisms from different taxonomic and trophic legeuld provide a possible
helpful solution.

Chronic testing was performed on freshwater migaalD. subspicatus
Generally, it appears that algae are some ordemsaghitude less sensitive to IMI
than arthropod species and exhibiting no effectévidfon their growth rate (ISO
8692, 2004; Gagliano and Bowers, 1991). Tigeral. (2009) determined fob.
subspicatusn G (72 h) for IMI a. i. at 389 mgL(in comparison highest applied
concentration in this study was 255 mg)LIn addition, Kungolost al (2009)
showed that the inhibitory effect of IMI dPseudokirchneriella subcapitagrowth
at a concentration of 1000 mg*lwas lower than 50 %. Data presented in this
research confirmed the same action of IMI as porepound causing no significant
adverse effects on algal growth (Malev al, 2012). On the contrary, Confidor
200SL was highly toxic to algae due to the preseriam-formulants which started
to inhibit their growth already at 0.003 v/v %. @re other hand, 6CNA induced
algal growth and proliferation after a 96 h permfdexposure at all concentrations,
while at the highest dose (157.5 md)Llalready after 24h induced a significant
inhibition and algae death. Presumably the algalvgr was inhibited because of the
dissociation of the carboxylic group present in @C{Ruiz et al, 2011). This issue
induced acidic changes in pH of the algal media addersely influenced the
sensitive microalgae. Algae as primary producergrdmite substantially to aguatic
habitats and their sensitivity to Confidor 200SId &CNA found in this study could

cause environmental problems (Makhal, 2012).
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6CNA is a final transformation product formed inveéanment that does not
act as nicotinic agonist but may also contribut¢he toxicity effects (Naueat al,
2001). 6CNA contains the 6-chloropyridinyl moietynda based on its
structural/chemical consideration may be of toxagotal significance. This
transformation product is included in the toleranestablished for the IMI residues,
although should be considered on its own as otliérTIPs in order to recognise
additional IMI-toxicity effects. IMI TPs were alrdg thoroughly presented in the
Introduction section, however is important to engiba again the importance of
their formation and presence in environments ay tten have possible adverse
effects on non-target organisms. Photo-transfoonaséind biotransformation in the
aqueous environment appear to be significant toamsftion routes (Stevens and
Halarnkar 1996, as reviewed by Mulye 1997). Fomapia, in a study of Spiteller
(1993) was examined radio-labelled IMI degradatioa 30 d laboratory study using
water and sediment collected from a pond. By thek @drthe experiment, 67.6 % of
labelled IMI was present in the water (64.0 % asplMI and 3.6 % as TPsS). In the
sediment, 20.4 % was as parent IMI, 0.7 % as TiRE82 % was as bound residues.
On other hand, in soil all processes depend orsdliletype and imidazolidin‘C
labelled IMI presents a maximum mineralisation t0,@f 8.8 % or 14 % after
incubation for 12 weeks (Anderson 1995, as revieimedulye 1997). Koskinemt
al. (2000) found that the bioavailability of IMI deased in different soils with
ageing as indicated by decreases in the amounite @xtracted IMI and increases in
the amounts of the bound portion (until 21 d).islgenerally noticed that the total
4C recoveries decrease by time, going from 92.9-9&2—-88.4 to 53.5-62.4 % of
the applied IMI at 7, 14 and 21 d after applicaticespectively (EI-Hamadgt al.,
2008). Although*C-TPs of IMI are rarely detected in soil extradise loss of
radioactivity must have been due to degradatiaongtbinding of TPs to the soil
matrix and evolution of’CO,. In soil extracts is present unchand&g-IMI but also
4C-labelled TPs even if in low percentage/quantiitHamadyet al, 2008). Until
now, only incomplete data on environmental fate aeflaviour of such TPs are
available, so there is a strong need to furthelyaaaalso intermediate degradation
products with respect to their environmental bebawviand potential for non-target

organism exposure.
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In addition to the tested 6CNA a well-known primaiM| degradation
product we performed a screening of three more TH$ (desnitro-IMI, 5-hydroxy-
IMI and olefin-IMI) with ISO standard test based dnfischeri(ISO 11348, 2007).
Based on the collected results was possible tdblestaolefin-IMI as the most
harmful to luminescent bacteria (30 min £25.08 mg [). However, it was not
possible to calculate Egvalues for all three TPs due to very low inhibitef§ect on
bacterial luminescence for given dilution levelfisTissue made also impossible to
classify the tested compounds within specific tiyicategories based on the &C
values established by the European Commission @iee®3/67/EEC (Very toxic to
aquatic organisnis[ECso < 1 mg L], “toxic’ [ECso in the range of 1-10 mg™,
and ‘harmful’ [ECsg in the range of 10-100 mg'L

Acute toxicity (24 h) of IMI and 6CNA was evaluatesh the freshwater
amphipodG. fossarum After exposure to the highest dose of IMI (514¢8L™) and
6CNA (315.5ug L™, an overall low mortality was noticed. Most sifigant effect,
as in algae, was observed in case of Confidor 200®keased mortality induced by
Confidor 200SL supports the idea that major sidects could be caused by
additives such as DMSO and NMP. These known codtants mixture alone
induced no toxicity in amphipods, while the combinaction of IMI and co-
formulants increased the toxicity of the commerd@mmulation. In the case of
another amphipod crustacedyalella azteca Stoughtoret al. (2008) confirmed its
higher sensitivity to formulated product than toheical IMI. Also, other tests have
shown formulated pesticides to be more toxic toaiquorganisms (Beggedt al,
2010; Cheret al, 2010; Kaczalat al, 2011). These supplementary substances in
commercial formulations often represent the higpesportion in pesticide mixtures,
S0 even a minor concern regarding their toxicitgt possible synergistic effects with
other ingredients should be considered (Tobiasseml, 2003; Surgan, 2005).
Additional studies will be needed to address themaal effect of additives, but such
studies are not easily feasible since identity qunantity of other ingredients is most
often regarded as confidential information and afee rarely revealed in easily
accessed literature or product labels.

Neonicotinoids are agonist of NAChRs (Tomizawa @agida, 2003) and do
not exert a direct inhibition of the AChE activiég for example organophosphates.

In our study we tested possible indirect inhibiteffects on freshwater amphipods
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exposed to neonicotinoids. This measurement was pé&formed on gills of
neonicotinoid exposed mussels and showed an ittegesutcome with ‘U-shape
dynamics’ of AChE activity (Donderet al, 2010). In this study Donderet al
observed significant inhibition at the lowest ant the intermediate tested
concentration. On contrary, in our case the outcomdl effect on AChE activity
presented no indirect effect or changes at all sxpo concentrations compared to
control group (Maleet al, 2012).

It is well-known that pesticides can induce oxidatstress by the generation
of ROS, which can induce oxidant-mediated effestgli as increased activities of
antioxidant enzymes) and oxidant-mediated toxifiguch as oxidation of lipids)
(Zamaet al, 2007). Only a few previously published data ar@lable regarding the
IMI-induced oxidative stress and these merely eeléa mammalian model
organisms. These studies showed a slight increasetracellular ROS and nitric
oxide production after IMI exposure (Cosa al, 2009; Duzguner and Erdogan,
2010). A study of Lukati¢ et al onG. fossarundemonstrated that IMI influenced
not only the respiration but also the electron gpamt system (ETS) activity
(Lukarzi¢ et al, 2010). This effect was a consequence of diffeqgmicesses,
including oxidative stress. Partial damage to timeer mitochondrial membrane by
lipid peroxidation possibly impaired the functiohETS. For better understanding of
ROS involvement in the toxicity mechanisms of neotinoids, antioxidant enzyme
activity, detoxifying GST mechanism and lipid peidative damage were monitored
in amphipods. In this study, CAT activity after Gidor 200SL and 6CNA exposure
at highest doses was significantly increased addated action of the protection
mechanisms involved in cellular repair processéssdndy et al. (2010) reported a
similar increase of CAT after neonicotinoid expa&susut again only in IMI-treated
mice. Enhanced GST activity after Confidor 200SLpasure reflects the
detoxification processes in treated gammarids argimduction may be due to the
glutathione dependent enzyme system that providegormprotection against
xenobiotic agents. A recent study on the mosgéiemles aegyptemonstrated that
exposure to IMI increased glutathione transferas®Nm levels as well as other
genes coding for antioxidant proteins (Re&zl, 2009). In addition was also noticed
a slight decrease in antioxidant enzyme GST aftposure to Confidor 200SL (at

255.6ug L of a. i.). This decrease of the GST activity, althh not significant was
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evident with 1.5-fold lowered GST activity at 2556 L™ of a.i. in Confidor 200SL.
This decrease could be interpreted as being ovémvelte by conspicuous ROS
production. An additional explanation of enzymeidiiect inhibition is related to
their binding with ROS produced also during pediécmetabolism. Metabolism of
IMI involves many processes of hydroxylation, i#e hydroxylation of the
imidazolidine ring at position 4 or 5 leading toetliormation of hydroxylated
compounds and subsequent loss of important amadiritgdroxyl radicals (Sur and
Stork, 2003). Concurrently, with slightly diminish€&sST activity increased lipid
peroxidation levels occurred (at the same exposmecentration of Confidor
200SL). IMI and Confidor 200SL exposure provoked iacrease of LP in
amphipods. During IMI exposure LP increase occumed02.2ug L' and was
represented by a similar-to-hormetic effect. Thmsréase was induced at lower
concentrations of IMI and not at higher doses ageeted. On the other hand,
Confidor 200SL induced an increase of TBARS proslugthich was highest at
255.6pug L of a. i. Higher TBARS levels at 2556 L™ suggested that exposure to
Confidor 200SL resulted in a different time-couaseellular ROS generation or in a
possible direct lipid oxidation due to the interaetaction of co-formulants and IMI.
It is important to notice potentially different tigiky pathways or time-course effects
of the parent compound and its transformation pcothat were observed during this
study. After a 24 h exposure 6CNA provoked strardyction of antioxidant enzyme
CAT, while its effect was completely absent on il probably due to highly active
CAT. On the contrary, Confidor 200SL altered alfgraeters confirming its higher
toxicity compared to active ingredient.

Behaviour is considered as a useful tool in ecotdrpy since is one of the
early warning indicators of toxicant stress (Pestat al, 2009). During
experimental pesticide exposure analysed indivithiathemical biomarkers should
be linked to behavioural responses whenever thossible (Hellou, 2011). In this
study individuals with modified behaviour were ctaeth During exposure, animals
treated with 511.3ig L™* (IMI) exhibited an increase in immobility and ity
that can be a direct IMI effect on neuro-musculzetg@choline receptors provoking
impairment of locomotion and food filtration, widonsequent animal starvation and
difficulties in ventilation (Férnandez-Casalderedyal, 1994). Alternatively, 6CNA

at the highest dose induced rapid movements andahriyperactivity, as well as
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disorientation. This disoriented behaviour was akown in non-target organisms,
such asApis mellifera Honey bees treated with IMI were confused antedato
return to their homing site (Bortolottit al, 2003). Hyperactivity in swimming may
also be linked to an avoidance response towardseprechemicals (Roast al,
2000). Interestingly, short-term 6CNA exposure staed amphipods moulting
processes. Moulting is an essential physiologicatgss for crustaceans controlled
by the neuroendocrine system, on which differericemts, such as pesticides, can
act (Waddyet al, 2002). Moreover, moulted or recently moulted adsncould be
more susceptible to pesticide action.

This in vivo research on freshwater amphipod, confirmed theortapce of
testing commercial formulations of IMI and IMI'satrsformation products as they
interfere with pure compound safety characteristf@@sar present results show that
commercial formulation of IMI and its by-product B& exert oxidative stress in
freshwater amphipods as well as negative effectalgae growth. The induction of
CAT, GST and LP levels demonstrates that expostir@.dossarumto Confidor
200SL leads to peroxidation of membrane lipids dndgers antioxidant and
detoxifying cellular mechanisms. Amphipods expose@CNA experienced mainly
the activation of catalase scavenging protectiochaeism. In general, the major
toxic effects were due to the commercial formulat@onfidor 200SL both in case of
algae and amphipods. This issue is relevant ag timesketed mixtures are the one

applied directly in the environment and should dm¢hier monitored.
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Different studies and available toxicity data rsatto IMI are used for the
derivation of specific toxicity values used in ewvimental risk assessment (SERA,
2006; CCME, 2007. These data separate dose-respsassesment in six classes of
organisms: terrestrial mammals, birds, non-targetestrial invertebrates, fish, as
well as aquatic invertebrates, and algae which wested in our study. Acute
toxicity values of IMI for aquatic invertebratesvieaa wide range going from a
NOAEC (96 h) of 0.00035 mgtfor Hyalella aztecdEngland and Bucksath, 1991),
to a NOAEC (96 h) of 145 mg tfor eastern oyster (Wheat and Ward, 1991). On the
basis of these studies, NOAEC values of 0.00039_thgnd 145 mg L are chosen
to evaluate acute exposure of sensitive and tdleagnatic invertebrate species,
respectively. On other hand, longer-term studies #ssessed reproduction, growth
and survival demonstratddysidopsis bahiaas the most sensitive species, with a
NOAEC value of 0.000163 mg™LIMI for growth and reproduction endpoints
(Ward, 1991), andaphnia magnas the most tolerant species with a NOAEC (21
d) for immobility of 1.8 mg [* (Young and Blake, 1990). A 19-week microcosm
study conducted as part of EPA’s pesticide redismarequirements for IMI
confirms the sensitivity of amphipods and midgesesbed in laboratory studies
(Moring et al, 1992). In addition, on the basis of Morieg al (1992) 19 week
microcosm study a recommended regulatory NOAECINtirof 0.006 mg L* was
suggested. For freshwater algae risk assessme®CNQr sensitive species was set
at of 6.69 mg [} based on the study witavicula pelliculosgHall, 1996), while for
tolerant species was of 119 mg®Llbased on the study witlBelenastrum
capricornutum(Gagliano and Bowers, 1991).

As in the human health risk assessment, the ermearal risk assessment
uses predictive environmental scenarios for andactal spill that involves the
contamination of a small water bodies with IMI. TH®s in these cases for sensitive
aquatic invertebrates are extremely high, goinghf&00 to over 50,000. Although,
the probability of such spills may be isolated,steéHQ clearly suggest that the
greatest risk in the event of an accidental spilll Wwe to aquatic non-target
invertebrates (SERA, 2005).
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The wish to have estimates of no effect toxicaniceotrations is highly
desirable and needed, especially in case of ngettabrganisms. The NOEC,
however, can be easily misleading, because ofrdbl@matic statistical properties.
The interpretation of results from toxicity expeeints frequently uses NOECs which
are then also applied in human and environmergklassessments. However this use
is under constant criticism due to a substantetistical problem associated to this
concept. Although an alternative is necessary, mfrproposed alternative methods
to characterise toxic effects is still generallgeguted. Therefore, in this study as a
selective and supportive tool for evaluation of IdMlverse effects on either vitro
or in vivo or biological system were evaluated also NOECsL4DECS.

Presentn vivo study was designed to provide additional infororain toxic
effects of IMI and its TPs on non-target aquatigamisms and to determine
threshold concentrations (i.e. NOECs/LOECs) of eéhesompounds through
examination of different endpoints/biomarkers (sash antioxidant enzymes, LP,
survival, growth and behaviour). Interestingly, ®orecent studies tried to correlate
and comparén vitro cell toxicity data with then vivo toxicity thresholds reported in
literature for aquatic organisms; fish or invertgbs. In particular, human cells kept
in culture appeared less sensitive to insecticithesn above-mentioned aquatic
species. In a study of Skandratial (2006) was reported that IMI's LOEC values
for fish or invertebrates were of 1.2 and 1§ mL* while in neuronal and
pulmonary human cell lines LOECs were about 100-86tes higher. Similar
deductions and significant differences between LO#&(Des for neuronal cell lines
and the ones for invertebrates were confirmed ialsur study. Consequently, these
organisms seem to be useful for monitoring of aquzsticide pollution.

Toxicity testing of pesticides in aquatic envirommhshould be performed on
whole organism models at different levels of biadady organisation allowing a
better comparison of the data. In addition, apglyanbattery of bioassays and of
measured biomarkers we can reflect different spesiesceptibility to xenobiotics
and also the complexity of entire ecosystems. Imcksion, with the increasing use
of IMI, this insecticide could be available in tle@vironment during concurrent
periods and could pose a possible cumulative risknon-target organisms

(invertebrates, algae, bacteria as well as humans).
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CONCLUSIONS







5. Conclusions

* Neuronal cell model applied in this research dertrated an oxidative stress

cellular pattern due to IMI action.

+ V. fischeriluminescence inhibition confirmed as a suitabniarker; 6CNA

resulted clearly as the most biologically active.

e Algae showed chemically and biologically diverséiaat of Confidor 200SL
(a. i. IMI) and its TP 6CNA,; interestingly Confid@00SL had inhibitory,

while 6CNA stimulatory effect on algae growth (h@srs).

* In amphipods as in algae IMI and 6CNA expressef@mint modes of action;

6CNA affected adversely on whole-cell level notyooh neuronal system.

* Behaviour alterations resulted as promising phggjchl biomarker for

neonicotinoid exposure.

* MXR mechanisms (effect on cell membrane level) lteduas a promising
and sensitive molecular biomarkers for neonicotinexposure; with future
standardisation could be a possible fast screemhiognarker to range

substances based on their biological potential.

* IMI toxicity testing should be performed on wholeyanism modelsirf vivo)
at different levels of biological organisation appl a battery of bioassays
and a multi-biomarker approach.

* In vivo biassays should be integrated withvitro (cell model)assays as

they give information about IMI effects on cellulawel.
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IMI transformation product should be considered itsnown in order to
recognise additional IMI-toxicity effects and it reasonable to test these
products for hazard identification purposes. A safgaassessment of IMI
TPs needs to be made, as the physicochemical piexpepersistence and
toxicity of these compounds may be very differgotf those of their parent
compounds. They may also be present at concemsasimnilar to or even

exceeding the parent compound

Commercial formulations containing IMI should besalevaluated during
comparative toxicity test for potential adverseeetfto non-target groups as
they are the one applied in the environment andlghwe considered in detail

for human health and environmental risk assessment.

All toxicity tests relative to IMI should last longnough to compromise the
formation of transformation products (degradationdpicts/metabolites) or

pesticide “ageing”.
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6. ANNEXES

Table 18: Absorbance values and % of cell survigdIMTT assay experiments with F11 cells after
exposure to IMI, Confidor 200SL and 6CNA for 24 W] and 48 h (B). (n=6).

A

MTT assay (F11 cells)

Absorbance values 550 nm

IMIDACLOPRID

24 h

control  1uM  30uM  100pM 200pM 500uM 1000uM 4000uM
1534 15068 1.3068 1.3998 1.3826 1.1818 1.3166 1.2434
14745 13035 1.2791 1.2776 1.1758 1.2189 1.1707 1.1063
14268 1.1481 1.0415 1.1523 1.1423 1.1001 1.2058 1.1793
1.6777 1.7092 15328 15499 1.6467 1.668 1.5104 1.4771
1.5832 1452 13738 1.2797 1.3913 1.4154 1.485 1.3022
1.4884 1.4124 1.3464 1.3946 1.3614 1.3949 1.4903 1.5373

CONFIDOR 200SL

24 h

control  1uM 30pM  100puM  200pM  500pM  1000pM 4000pM
12182 1.2041 1.2117 1.1894 11734  1.081 0.98868 0.96044
1.182 1.0828 1173 1.1372 1.0042 1.0058 1.0896 0.8223
1.2351 1.1546 1.1779 1.1173 1.1461 0.989 1.0639 0.96711
1.2656 1.2783 1.0069 1.3902 1.2455 1.3733 1.1739 0.84955
16482 1.3187 1.4856 1.3172 1.2965 1.2479 1.3374 1.282
1.2956 1.2447 1.1904 1.4922 1.3501 1.237 1.3573 1.1784

6CNA

24h

control  1uM 30pM  100puM  200pM  500pM  1000pM 4000pM
1.2166 1.0528 1.1022 1.1092 1.0563 1.0339 1.1184 1.0903
1.0164 0.99646 0.90174 1.0546 1.0396 1.0072 1.0609 1.1034
0.8212 09781 0.93719 0.91524 0.97308 1.0766 1.001 1.1433
1.2475 1.3485 14424 1.2992 1.2058 1.2908 1.3183 1.2134
14264 15517 1.7926 1.7254 1.7999 1.5655 1.4491 1.5748
11687 1.3349 1.2354 1.1497 1.2732 1.4061 1.3183 1.1636
B

MTT assay (F11 cells)

Absorbance values 550 nm

IMIDACLOPRID

48 h

control  1uM 30pM  100puM  200pM  500pM  1000pM 4000pM
25901 26651 25532 25003 2487 24935 2.5575 2.115
2.7437 24206 2.4492 25065 2.4868 2.1467 2.413 1.7082
2.7055 2.6162 2.7093 2.5411 2.4299 2.3528 2.4768 1.9808
23015 20315 21576 2.2086 2.3867 1.9303 1.6966 1.4175
2.3395 21931 23032 20011 21586 2.1216 1.9748 1.3243
24635 2.3424 2.4123 2.386 2.2934 21754 19841 15

CONFIDOR 200SL

48 h

control  1uM 30pM  100puM  200pM  500pM  1000pM 4000pM
2.6443 2.6689 2.3459 25167 2.3006 2.3173 2.2699 1.2674
2.6555  2.4446 2.244 23475 22865 15745 1.5675 1.0427
24745 23363 21728 22437 21497 21873 1.6504 1.0091
25724 24159 24132 23581 23107 21604 2.0212 1.4177
25165 2.1481 2.2779 1.8468 2.0286 1.7089 1.907 1.3817
24527 21931 21741 2.239 2.289 2.2346 1.9663 1.2072

6CNA

48 h

control  1uM  30uM  100pM 200uM 500uM 1000uM 4000uM
2.6133 24252 22529 20113 1.997 1.8436 1.9181 1.7692
24027  2.267 2.1852 2.0776 1.9032 1.8666 2.0029 1.9233
24012 2.0372 1.9171 1.8864 1.6498 1.5718 1.7937 1.6244
2.4101 2.2093 2182  2.1409 2.108 2.0925 2.0274 1.8436
2.3035 22244 20992 20868 1.8623 1.9106 1.7915 1.8783
21384 14488 1.7205 1.3339 1.4097 1.3155 1.4671 1.2807
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% of cell survival

IMIDACLOPRID
24h
control 1uM  30uyM  100uM 200uM 500uM 1000pM 4000uM

18@269 85.189
8601028 86.7481
80668 72.9955
100.878 91.3632
100.7131 86.7736
920(B938 90.4596

91.2516
86.6463
80.7611
92.3824

80.83
93.6979

90.1304 77.0404 85.8279 81.0561
79.7423 82.6653 79.3964 75.0288
80.0603 77.1026 84.5108 82.6535
98.1522 99.4218 90.028 88.0432
87.879 89.4012 93.7974 82.2511
91.4673 93.7181 100.128 103.154

CONFIDOR 200SL
24h
control 1M 30uM
0 96.8426
1060B4
9001823
0 101.003
100085
16m783

100pM  200pM  500uM  1000pM 4000uM

99.4664 97.6359 96.3224 88.7375 81.1591 78.8409
99.2386 96.2098 84.9577 85.0931 92.1827 69.5685
95.3688 90.4623 92.7941 80.0745 86.1388 78.3022
79.5591 109.845 98.4118 10851 92.7544 67.1263
90.1347 79.9175 78.6616 75.7129 81.1431 77.7818
91.8802 115.174 104.207 95.477 104.762 90.954

6CNA
24 h
control  1puM 30uM
860362
00 98.0382
00 119.106
108.096
108.784
100.221

100pM  200pM  500uM  1000pM 4000uM

90.5967 91.1721 86.8239 84.9827 91.9283 89.6186
88.719 103.758 102.283 99.0948 104.378 108.56
114124 111.452 118.495 131.101 121.895 139.223
115.623 104.144 96.6573 103.471 105.675 97.2665
125.673 120.962 126.185 109.752 101.591 110.404
105.707 98.3743 108.942 120.313 112.801 99.5636

% of cell survival

IMIDACLOPRID

48 h

control  1puM 30uM
100.896
182289
9606993

100pM  200pM  500uM  1000pM 4000uM

98.5753 96.533 96.0195 96.2704 98.7414 81.6571
89.2663 91.3547 90.6367 78.2411 87.9469 62.259
100.14 93.9235 89.8133 86.9636 91.5468 73.2138
8682685 93.7476 95.9635 103.702 83.8714 73.7171 61.5903
980423 98.4484 85.5354 92.2676 90.686 84.4112 56.6061
100 848.097.9217 96.8541 93.0952 88.3053 80.5399 60.889

CONFIDOR 200SL
48 h
control  1uM
1000.93
102.058
100.415
280162
18(B6@5
1001189

30puM  100puM  200pM  500pM  1000pM 4000pM

88.7153 95.1745 87.0022 87.6338 85.8412 47.9295
84.5039 88.4014 86.1043 59.292 59.0284 39.2657
87.8076 90.6729 86.8741 88.3936 66.6963  40.78
93.8112 91.6693 89.8266 83.9838 78.5725 55.112
90.5186 73.3876 80.612 67.9078 75.7799 54.9056
88.6411 91.2872 93.3257 91.1078 80.1688 49.2192

6CNA

48 h

control  1uM
1008022
108522
&am409
1006684
965661
600516

30uM  100uM 200uM 500uM  1000pM 4000uM
86.209 76.964 76.4168 70.5468 73.3976 67.6998
90.9477 86.4694 79.2109 77.6876 83.3604 80.0474
79.8392 78.5607 68.7073 65.4589 74.7001 67.6495
90.5357 88.8303 87.4653 86.8221 84.121 76.4948
91.1309 90.5926 80.8465 82.9433 77.773 81.5411
80.4574 62.3784 659231 61518 68.6074 59.8906



Table 19: Absorbance values and % of cell survigdMTT assay experiments with F11 cells after

exposure to desnitro-IMI, 5-hydroxy-IMI and olefiiMI for 24 h (A) and 48 h (B). (n=6).

A

MTT assay (F11 cells)

Absorbance values 550 nm

desnitro-IMI

24 h

control  1uM 30pM  100pM 200pM  500uM  1000pM 4000uM
3.1422 33636 3.1918 3.1397 3.1657 3.1371 3.0605 2.8288
3.1643 31928 31719 3.2005 3.1662 3175 3.1731 2.2558
3.178 3.2284 3.1804 3.1746 3.1798 3.2273 3.1379  2.4655
3123 3334 3123 321 3165 3137 3.1657 2845
3421 3321 3165 3.134 3145 3123 31662 2345
312 3432 3187 32413 31234 31367 3.0798 2213

5-hydroxy-IMI

24 h

control  1uM 30pM  100pM 200pM  500uM  1000pM 4000uM
3.1572 3.1883 3.2085 3.1854 3.1646 3.1703 2.9085  1.326
3.2061 3.2628 3.1484 3.1594 31731 3.1192 3.0806  2.095
3.1416 3.1156 3.1609 3.1565 3.1847 3.1641 3.0579 1.9015
31567 3.111 3201  3.147 31567 3.137 3.165 1425
3.1546  3.123 3128 3.124 3111 3123 2937 1982
3.1456  3.147 318 3112 3201 3.1367 3.0657 2.1784

olefin-IMI

24 h

control  1uM 30pM  100pM 200pM  500uM  1000pM 4000uM
3.166  2.882 3.0786 3.1592 3.2659 3.2019 3.1732 2.3752
3.0261 3.096 3178 3.1759 3.1777 3.1593 3.0514 2.0955
3.0183 3.0741 3.1852  3.167 3.1791 3.106 2.7317 2.1256
3176 2782 31786  3.192 3.2659 3.2219 3.1743 2.2752
31261 3.076 3.198  3.159 3.1872 3.1494 3.1514 2.0945
3.0983 31441 31652 3.167 31797 3116 275147 21275
B

MTT assay (F11 cells)

Absorbance values 550 nm

desnitro-IMI

48 h

control  1uM 30puM  100puM 200pM 500uM  1000pM 4000uM
3.2228 33682 3.1855 3.2054 32321 2133 1.0293 0.66286
3.1998 31926  3.155 3.1863 3.1699 3.1673  2.894 0.56907
3.2029 31781 31889 3.1786 3.174 3.1722 3.2313 0.59862
3.2328 3546 31335 3.2051 3.2341 2103 1.0193 0.6686
3.1548 31846 3.134 3.1663 3.1674 3.153  2.794 0.5407
3.2089 3.1651 3.1619 3.1762 3.1274 3.1922 3.1263 0.58262

5-hydroxy-IMI

48 h

control  1uM 30puM  100puM 200pM 500uM  1000pM 4000uM
3.1807 3.0974 32092 3.1785 3.1871 2.8908 2.9582 0.77138
3.3291 3.2984 319 3.1679 3.1814 3.1819 2.2017 0.71477
3.1511 31738 31522 3.1501 3.1471 3.0852 2.8612 1.0027
3.1827 3.094 3292 3.1685 3.181 28708 29762 0.778
3.3143 3283 3123 3.1699 3.1904 3.1769 2.2019 0.71457
3.1501 3.1728 3.1502 3.1461  3.151 3.0452 27822 1.2027

olefin-IMI

48 h

control  1uM 30puM  100puM 200pM 500uM  1000pM 4000uM
3187 32021 3.1601 3.1535 3.2824 3.1692 3.1554 0.66549
3.3054 3.1553 3.1953 3.1409 3.1365 3.1832 3.1525 0.71075
3.1267 3.1098  3.155 3.1691 3.1557 3.1498 3.1275 0.9881
31101 3.161  3.182 3.1409  3.108 3.0925 3.0274 0.8436
3.3035 3.1853 2992 3.1868 3.2623 3.106 3.1915 0.8782
3.1384  3.155 31205 3.1339 3.1097 3.155 3.1671 0.6807

149

desnitro-IMI
24 h
control  1pM 30puM  100pM 200pM  500pM  1000pM 4000uM

100.32 100.287 100.291 98.8086 79.6046
96.2626 97.0597 96.1829 93.8343 86.7304
98.1267 97.0751 97.3449 97.2866 69.1624
97.3326  97.492 98.9484 96.2074 75.5917
98.418 97.0383 96.1798 97.0597 87.2271
96.0878 96.4251 95.7506 97.0751 71.8972

108.166 100.628
108.127 97.8599
108966 97.2498
100 98.98251%4
100 102.37506
100 201.87.0383

5-hydroxy-IMI

24 h

control  1pM 30puM  100pM 200pM  500pM  1000pM 4000uM
1000.63 100.136 99.9621 100.184 99.4603 95.1825 55.9974
102.983 99.3719 99.7191 100.152 98.4503 97.232 66.1238
96(B366 99.7664 99.6276 100.518 99.8674 96.5155 60.0164
100 98.1901.032 99.3277 99.6339 99.0121 99.8958 44.9768

100 98.5792.728 98.6018 98.1915 98.5702 92.6996 62.5572
100 9®.3200.369 98.223 101.032 99.0026 96.7617 68.7561

olefin-IMI
24 h

control 100pM  200pM  500pM  1000uM 4000pM

100.194 101.466 99.8261 94.439 69.5542
103.445 103.504 102.904 99.3898 68.2544
103.155 103.549 101.168 88.9766 69.2348
103.969 106.376 104.943 103.393 74.1075
102.895 103.813 102.582 102.647 68.2218
103.155 103.569 101.494 89.6205 69.2967

1uM 30 uM
1001495 99.5583
100.84® 103.513
100.129 103.748
100 6190.103.533
100.1900 104.165
102.409 103.096

% of cell survival

desnitro-IMI
48h
control  1uM 30uM
100.178 99.0016
106084 98.3326
20M525 99.3891
100519 97.6625
10®@589. 97.678
0 98.6473 98.5476

100puM  200uM  500uM  1000uM 4000uM
99.4265 99.4857 88.0214 74.3296 19.0177
99.3081 98.7969 98.7159 90.1979 17.7363
99.0681 98.9247 98.8686 100.711 18.6573
99.894 100.798 655446 31.7687 20.8384
98.6847 98.719 98.2702 87.0812 16.8521
98.9933 97.4723 99.492 97.4381 18.1586

5-hydroxy-IMI
48h
control 100pM 200pM  500uM  1000uM 4000pM

98.2983  98.496 94.7935 83.0264 29.9025
98.3728 98.792 98.8076 68.3694 32.1925
97.8201 97.7269 95.8047 88.8489 31.1369
98.3915 98.7796 89.147  92.42 35.0403
98.4349 99.0715 98.6523 68.3756 32.1835
97.6959 97.848 94.5626 86.3957 37.3475

1uM 30uM
0 109.055 98.8666
102.425 99.0591
108.556 97.8853
100 786.002.227
100.947 96.9785
108.529 97.8232

olefin-IMI
48h

control 100pM 200pM  500uM  1000uM 4000uM

98.3824 99.5374 98.7847 98.0903 24.5796
97.9582 97.821 99.2775  98.32 22.1668
98.8377 98.4198 98.2358 97.5403 30.8168
97.9582 96.9321 96.4487 94.4184 26.3102
99.3898 101.744 96.8698 99.5363 27.3893
97.7399 96.9852 98.398 98.7754 21.2296

1uM 30uM
9601209 98.87

0 96.4073 99.6549
16883  98.398
10(6888. 99.2401
100.3439 93.3143
100.3988 97.322



Table 20: Absorbance values and % of cell survigdIMTT assay experiments with F11 cells after
pre-treatment (30 min) with p38 inhibitor SB203580itamin C (NAC) and mixture of tocopherols
(vitamin E) in presence of 100M (255.6 mg L) and 4000uM (1022.4 mg [*) IMI for 24 h (A)
and 48 h (B). (n=6).
A
MTT assay (F11 cells)
Absorbance values 550 nm

p38 inhibitor (SB203580)

24 h
control DMSO DMSO+NMP SB203580+ 10QM IMI SB203580+ 400QuM IMI
0.372 0.41 0.427 0.439 0.431
0.539 0.476 0.473 0.359 0.539
0.387 0.395 0.421 0.379 0.442
0.455 0.492 0.41 0.315 0.543
0.455 0.41 0.41 0.315 0.54
0.487 0.45 0.42 0.439 0.53
vitamin E

24 h
control DMSO DMSO+NMP vitamin E+1000M IMI vitamine E+4000uM IMI
0.372 0.41 0.427 0.415 0.431
0.539 0.476 0.473 0.433 0.539
0.387 0.395 0.421 0.259 0.442
0.455 0.492 0.41 0.395 0.543
0.455 0.41 0.41 0.415 0.543
0.487 0.45 0.42 0.395 0.44
NAC

24 h
control DMSO DMSO+NMP NAC+100@M IMI NAC+4000 uM IMI
0.372 0.41 0.427 0.369 0.431
0.539 0.476 0.473 0.483 0.539
0.387 0.395 0.421 0.329 0.442
0.455 0.492 0.41 0.342 0.543
0.455 0.41 0.41 0.342 0.45
0.487 0.45 0.42 0.369 0.53

% of cell survival

p38 inhibitor (SB203580)

24 h

control DMSO DMSO+NMP SB203580+ 10QM IMI SB203580+ 400QuM IMI
100 93.56 97.48 100.22 101.63
100 108.67 107.99 81.9 149.38
100 90.18 96.11 86.25 92.21
100 112.32 93.06 71.91 108.4
100 93.56 93.06 71.91 151.2
100 94 94.01 100.22 149.5

vitamine E

24 h

control DMSO DMSO+NMP vitamin E+1000M IMI vitamine E+4000uM IMI
100 93.56 97.48 94.74 117.41
100 108.67 107.99 98.85 174.79
100 90.18 96.11 59.13 129.5
100 112.32 93.06 90.18 90.16
100 93.56 93.06 94.74 90.16
100 94 94.01 59.13 117.6
NAC

24 h

control DMSO DMSO+NMP NAC+100@M IMI NAC+4000 uM IMI
100 93.56 97.48 84.24 96.72
100 108.67 107.99 110.2 81.9
100 90.18 96.11 75.11 112.2
100 112.32 93.06 78.02 84.42
100 93.56 93.06 78.02 82
100 94 94.01 84.24 112.8
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B

MTT assay (F11 cells)
Absorbance values 550 nm

p38 inhibitor (SB203580)

48 h
control DMSO DMSO+NMP  SB203580+ 10QM/ IMI SB203580+ 400QuM IMI
1.162 1.296 1.423 1.059 0.801
1.287 1.193 1.202 1.024 0.825

1.24 1.202 1.183 0.947 0.73

1.24 1.198 1.235 1.043 0.828
1.164 1.201 1.236 1.045 0.835
1.288 1.294 1.424 1.05 0.802

vitamine E

48 h
control DMSO DMSO+NMP vitamin E+1000M IMI vitamine E+4000uM IMI
1.162 1.296 1.423 0.936 0.864
1.287 1.193 1.202 1.202 0.876
1.24 1.202 1.183 1.36 0.677
1.24 1.198 1.235 1.049 0.819
1.164 1.201 1.236 12 0.822
1.288 1.294 1.424 0.93 0.823
NAC

48 h
control DMSO DMSO+NMP NAC+100QM IMI NAC+4000 uM IMI
1.162 1.296 1.423 1.37 0.803
1.287 1.193 1.202 1.234 0.75
1.24 1.202 1.183 0.915 0.868
1.24 1.198 1.235 12 0.875
1.164 1.201 1.236 12 0.88
1.288 1.294 1.424 13 0.87

% of cell survival

p38 inhibitor (SB203580)

48 h

control DMSO DMSO+NMP SB203580+ 10QM IMI SB203580+ 400QuM IMI
100 105.19 115.5 85.95 67.07
100 96.83 97.56 83.11 69.08
100 97.56 96.02 76.86 61.12
100 97.24 100.24 84.65 69.33
100 97.65 100.3 84.7 70.02
100 105.1 100.7 84.92 67.08

vitamine E

48 h

control DMSO DMSO+NMP vitamin E+1000M IMI vitamine E+4000uM IMI
100 105.19 1155 75.97 72.34
100 96.83 97.56 97.56 73.35
100 97.56 96.02 110.38 56.68
100 97.24 100.24 85.146 68.57
100 97.65 100.3 97.7 68.7
100 105.1 100.7 76.02 68.7
NAC

48 h

control DMSO DMSO+NMP NAC+100QM IMI NAC+4000 uM IMI
100 105.19 115.5 111.2 67.23
100 96.83 97.56 100.16 62.8
100 97.56 96.02 74.26 72.68
100 97.24 100.24 97.4 73.26
100 97.65 100.3 97.4 74.12
100 105.1 100.7 98.1 73.45
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Table 21: Mean values relative to p38 signal

intégs quantification (grey values of

immunopositive signals after background — BG sulatten) after exposure to 40AM (102.2 mg L

1) and 400QuM (1022.4 mg [*) IMI for 30 min. (n=3).

p38

CONTROL

© 0O ~NOOThA~ WNPF

[EnY
o

No. of cell

400 pM IMI

© O ~NO O~ WNPRP

=
o

16
23
27
27
20
30
32
22
46
24

No. of cell

4000 pM IMI

O© oo ~NO U WNPF

=
o

No.

16
34
20
30
29
24
18
16
17
19

of cell
42
38
29
18
28
22
25
30
21
30

whole

25.712
26.841
28.423
24.797
25.758
26.34

25.21

22.358
30.138
30.523

whole

27.04
34.9
28.307
26.041
29.458
25.858
25.142
23.301
26.934
26.829

whole

28.964
35.155
34.938
38.737
30.375
32.466
61.177
32.237
29.744
31.173

BG1 BG2 BG3
21.679 25237 21.927
24943 19.467  26.104
24413 31475 19.748
28.104 19.543 20.658
18.341 29.615 16.768
23.735 27.089 16.871
26.114 25.141 18.485
25208 24.409 13.508
26.102 28557 17.929
23.897 32.656  26.857
BG1 BG2 BG3
18.366  31.274  22.559
31.417 37.82  24.962
29.774 21.316  21.529
27.992 19.943  26.747
20.048 33.697 24.991
13.657 26.757  17.289
17169 27.379 16.638
25.353 14.14 24927
20.588 27.739 19.138
18.284  19.587  30.582
BG1 BG2 BG3
22312 27.366  20.829
29.39 32.309 22.476
32.034 25.658 24.459
30.588 29.085 23.939
20.084 28.796  20.626
25.677 23.85 29.177
59.357 50.707  50.939
27.696 24.61 29.89
19.644 24.006 29.196
18.466 29.62 18.311
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mean BG
22.94767 2.76433 0.172771
23.50467 3.33633 0.145058
25.21200 3.21100 0.118926
22.76833 2.02867 0.075136
21.57467 4.18333 0.209167
22.56500 3.77500 0.125833
23.24667 1.96333 0.061354
21.04167 1.31633 0.059833
24.19600 5.94200 0.129174
27.80333 2.71967 0.113319

mean BG
24.06633 2.97367 0.185854
31.39967 3.50033 0.102951
24.20633 4.10067 0.205033
24.89400 1.14700 0.038233
26.24533 3.21267 0.110782
19.23433 6.62367 0.275986
20.39533 4.74667 0.263704
21.47333 1.82767 0.114229
22.48833 4.44567 0.26151
22.81767 4.01133 0.211123

mean BG
23.50233 5.46167 0.13004
28.05833 7.09667 0.186754
27.38367 7.55433 0.260494
27.87067 10.86633 0.603685
26.16867 4.20633 0.150226
26.23467 6.23133 0.283242
53.66767 7.50933 0.300373
27.39867 4.83833 0.161278
24.28200 5.46200 0.260095
22.13233 9.04067 0.301356



Table 22: Mean values relative to ERK signal intétys quantification (grey values of

immunopositive signals after background — BG sulatten) after exposure to 40AM (102.2 mg L

1) and 400QuM (1022.4 mg [*) IMI for 30 min. (n=3).

ERK

CONTROL

© 00 o 01wk

No. of cell
82
60
40
36
50
46

400 pM IMI

O N O WDNPRE

[N
o

No. of cell
25
25
28
31
22
36
25
29
30

4000 pM IMI

© oo ~NO OO~ WNPE

[EnY
o

No. of cell
27
51
32
34
36
27
51
52
27
41
46

whole
17.859
8.141
7.809
10.303
14.061
9.938

whole

17.301
15.521
16.977
15.139
14.614
17.299
13.434
20.264
22.399

whole

12.439
18.657
12.094
14.964
17.834
12.439
18.687
18.687

13.6

18.574
13.594

BG1
7.47
7.795
7.541
7.513
7.661
5.832

BG1
7.338
10.637
8.395
11.125
7.062
7.927
9.962
9.411
12.439

BG1
10.613
11.775
10.851
10.127

9.403
10.813
11.755
11.855
10.101
14.768

11.74

BG2
7.851
7.91
6.988
6.01
6.214
6.823

BG2
11.473
9.896
10.743
11.962
11.473
11.208
10.009
8.373
7.767

BG2
10.322
9.057
9.828
10.333
10.838
10.322
8.059
8.059
9.423
13.448
10.286
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BG3
6.712
5.491
5.336

7.13
8.032
5.955

BG3
10.733
6.623
7.638
7.527
7.528
7.754
7.064
11.119
10.807

BG3
7.08
11.478
6.577
6.579
6.581
7.08
11.478
11.578
10.246
15.932
11.54

mean BG

7.34433 10.51467 0.089565
7.06533 1.07567 0.117756

6.62167 1.18733 0.165542
6.88433 3.41867 0.191231

7.30233 6.75867 0.146047

6.20333 3.73467 0.134855

mean BG

9.84800 7.45300 0.39392
9.05200 6.46900 0.36208
8.92533 8.05167 0.318762
10.20467 4.93433 0.329183

8.68767 5.92633 0.394894

8.96300 8.33600 0.248972
9.01167 4.42233 0.360467
9.63433 10.62967 0.332218
10.33767 12.06133 0.344589

mean BG
9.40500 3.63400 0.348333
10.43067 8.243333 0.204523
9.08533 3.00867 0.283917
9.01300 5.95100 0.265088
8.94067 8.89333 0.248352
9.40500 3.03400 0.348333
10.43067 8.25633 0.204523
10.43067 8.25633 0.20059
9.92333 3.67667 0.367531
14.71600 3.85800 0.358927
11.18867 2.40533 0.243232



Table 23: Mean values relative to Nrf2 signal intsity quantification (grey values of

immunopositive signals after background — BG subttieon) after exposure to 4000M (1022.4 mg

L% IMI for 30 and 240 min (n=3).

Nrf2

© 0O~NOOOMWNER

i
o

© O~NOUODWNER

i
o

©oOo~NOA~WNR

i
o

cell No.

cell No.

cell No.

42
55
54
70
68
32
22
46
54
42

36
25
58
32
24
46
35
31
26
25

14
43
21
17
25
41
30
27
26

control; 24h

cell brightness

Nrf2(mean)

44.937
49.608
77.607
60.476
56.913
86.482
88.226
55.404

53.72
65.884

Mean BG

35.309
31.211
49.47233333
41.40366667
37.81433333
71.01
69.18366667
39.68666667
40.375
54.97566667

cell BG1
34.889
32.332
49.516
43.369
42.287
70.93
66.632
44.973
41.746
56.385
Nrf2
9.628
18.397
28.13466667
19.07233333
19.09866667
15.472
19.04233333
15.71733333
13.345
10.90833333

4000puM; 30 min

cell brightness

Nrf2(mean)
56.109
58.418
67.952
109.803
53.038
62.136
58.025
52.866
54.562
63.755
Mean BG

43.74666667
43.327
44.101
100.271
40.709
43.95233333
43.342
39.18266667
38.90166667
48.70433333

cell BG1
48.124
41.141
39.791
97.237
46.358
41.516
40.584
36.302
35.297
45.383
Nrf2
12.36233333
15.091
23.851
9.532
12.329
18.18366667
14.683
13.68333333
15.66033333
15.05066667

4000uM; 240 min

cell brightness

Nrf2(mean)
86.641
70.849
64.554
61.688
68.01
69.22
141.842
64.673
68.804

Mean BG

82.16233333
53.12033333
50.63033333
52.883
56.13933333
50.911
129.631
53.97933333
61.22466667

cell BG1

75.978

52.303

54.483

51.361

55.05

51.557
132.231
61.644

65.998

Nrf2

4.478666667
17.72866667
13.92366667

8.805
11.87066667

18.309

12.211
10.69366667
7.579333333
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cell BG2
35.784
31.295
50.382
36.046
33.698
70.099
72.145
36.903
32.399
53.043
Nrf2/cell
0.229238095
0.334490909
0.521012346
0.272461905
0.280862745
0.4835
0.865560606
0.341681159
0.24712963
0.259722222

cell BG2
36.679
46.341
39.398
104.235
37.933
49.104
49.52
42.351
40.729
51.91
Nrf2/cell
0.343398148
0.60364
0.411224138
0.297875
0.513708333
0.395297101
0.419514286
0.441397849
0.602320513
0.602026667

cell BG2

85.3

49.266

47.043

53.95

59.536

51.641

138.322

50.217

55.201

Nrf2/cell

0.319904762
0.412294574
0.663031746

0.517941176
0.474826667

0.446560976

0.407033333
0.396061728
0.291512821

cell BG3

35.254
30.006
48.519
44.796
37.458
72.001
68.774
37.184

46.98
55.499

cell BG3

46.437
42.499
53.114
99.341
37.836
41.237
39.922
38.895
40.679

48.82

cell BG3
85.209
57.792
50.365
53.338
53.832
49.535
118.34
50.077
62.475



Table 24: Mean values relative to JC-1 signal insty quantification (JC-1 green-red signal ratio)
and % of cells with higher MMP (red signal) afterxgposure to 100M (255.6 mg ') and 4000
uM (1022.4 mg ) IMI for 15 and 60 min (n=3).

JC-1
Control Control
sample n. ALL CELLS red signal % cells (higher MMP) sanple n. ALL CELLS red signal % cells (higher MMP)
1 110 24 21.8 1 61 6 9.83
2 106 36 33.96 2 72 13 18.05
3 89 26 29.21 3 81 13 16.04
4 139 64 46.04 4 60 11 18.33
5 115 60 52.17 5 100 12 12
6 105 54 51.42 6 97 18 18.55
7 109 38 34.86 7 76 16 21.05
8 118 88 74.57 8 67 25 3731
9 131 48 36.64 9 69 20 28.98
10 47 27 57.44 10 70 10 14.28
1 54 29 53.7 1 64 9 14.06
2 53 17 32.07 2 66 40 60.6
3 97 28 28.86 3 86 43 50
4 125 63 50.04 4 82 38 46.34
5 118 72 61 5 114 54 47.36
4000pM; 15 min 4000uM; 15 min
sample n. ALL CELLS red signal % cells (higher MMP) sanple n. ALL CELLS red signal % cells (higher MMP)
1 12 7 58.3 1 94 19 20.21
2 49 12 24.48 2 95 30 3157
3 75 4 5.33 3 109 13 11.92
4 35 15 42.85 4 37 1 2.7
5 55 25 45.45 5 103 17 16.5
6 36 16 44.44 6 108 9 8.33
7 43 13 30.23 7 92 18 19.56
8 42 13 30.95 8 76 18 23.68
9 43 13 30.23 9 46 20 43.47
10 79 14 17.27 10 81 14 17.28
1 108 10 9.25 1 73 7 9.58
2 47 14 29.78 2 51 10 19.6
3 31 12 38.7 3 98 16 16.32
4 36 12 33.33 4 44 20 45.45
5 19 8 42.1 5 87 25 28.73
4000uM; 60 min 4000uM; 60 min
sample n. ALL CELLS red signal % cells (higher MMP) sanple n. ALL CELLS red signal % cells (higher MMP)
1 52 12 22.64 1 99 9 9.09
2 42 18 42.85 2 29 10 34.48
3 45 17 37.77 3 63 11 17.46
4 24 9 375 4 38 13 34.21
5 17 6 35.29 5 69 12 17.39
6 14 11 78.57 6 83 5 6.02
7 35 13 37.14 7 108 11 10.18
8 20 6 30 8 83 6 7.22
9 31 9 29.03 9 56 10 17.85
10 43 13 30.23 10 90 7 777
1 60 39 65 1 90 6 6.66
2 57 23 40.35 2 60 5 8.33
3 90 30 33.33 3 61 6 9.83
4 69 34 49.27 4 82 10 12.19
5 74 24 3243 5 69 7 10.14
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Table 25: CAT activity in F11 cells exposed to 1Q@d (255.6 mg [!) and 4000uM (1022.4 mg L
5 IMI for 24 and 48 h. Representative absorbanceUAvalues of whole 2 min measurement

(selected for every 30 s) and data normalised daltprotein content gmol/min/mg protein). (n=3).

CAT
24 h
Control Calculated values normalised on protein content
time AU AU AU 24 h pmol/min mg protein sample pmol/min/mg prot
Os 0.008508 0.4167 0.1138 control 0.051 0.0257 1.98
30s 0.007056  0.41096 0.11353 1000puM 0.038 0.0256 1.48
60 s 0.00676 0.40603 0.11289 4000puM 0.15 0.0184 8.15
90s 0.007455  0.40235 0.11262
120 s 0.006561 0.40038 0.11225 control 0.028 0.0862 0.32
1000pM IMI 1000pM 0.294 0.0604 4.86
time AU AU AU 4000pM 0.184 0.048 3.83
Os 0.014257 0.30639 0.06278
30s 0.014281  0.30271 0.06139 control 0.04 0.0429 0.93
60 s 0.013046 0.29939 0.06156 1000puM 0.025 0.049 0.51
90s 0.013548  0.29705 0.06026 4000pM 0.043 0.0448 0.88
120 s 0.012263 0.29519 0.05979
4000pM IMI
time AU AU AU
Os 0.166809 0.24196 0.05851
30s 0.163384  0.23991 0.05749
60 s 0.16239 0.23788 0.05719
90s 0.160803  0.23615 0.05735
120 s 0.160877 0.23494 0.05687
48 h
Control Calculated values normalised on protein content
time AU AU AU 48 h pmol/min mg protein sample pmol/min/mg prot
0s 0.033807 0.16851 0.19837 control 0.04 0.032 1.25
30s 0.03209 0.1638 0.19618 1000puM 0.014 0.0378 0.37
60 s 0.032174 0.16417 0.19524 4000pM 0.005 0.0242 0.2
90s 0.032248 0.16719 0.1947
120 s 0.032269 0.1637 0.19429 control 0.049 0.041 1.19
1000pM IMI 1000puM 0.073 0.0388 1.88
time AU AU AU 4000puM 0.133 0.02 6.65
0s 0.017433  0.09331 0.03723
30s 0.017026  0.09245 0.03701 control 0.034 0.111 0.3
60 s 0.016976 0.09228 0.03673 1000pM 0.139 0.024 5.79
90s 0.016976  0.09249 0.03656 4000puM 0.076 0.022 3.45
120 s 0.016057 0.09218 0.03612
4000pM IMI
time AU AU AU
Os 0.018725 0.09583 0.1073
30s 0.018338  0.09563 0.10771
60 s 0.018511 0.09403 0.10556
90s 0.018593  0.09385 0.10419
120 s 0.018522 0.09373 0.10348
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Table 26: Absorbance (AU) values for LP measuremneeirt F11 cells exposed to 10@M (255.6
mg L) and 4000uM (1022.4 mg [*) IMI for 24 and 48 h and data normalised on totgrotein

content @mol//mg protein of MDA). (n=3).

LP
24 h

control
control
control
control
control
control

1000pM
1000pM
1000puM
1000pM
1000pM
1000puM

4000puM
4000pM
4000uM
4000uM
4000pM
4000uM

MDA nmol/ml medium

normalised MDA ng/mg protein

protein (mg)

AU AU
535nm 600 nm
0.02 0.012
0.005 0.001
0.009 0.002
0.006 0.001
0.003 0.001
0.007 0.001
0.031 0.01
0.032 0.011
0.051 0.003
0.022 0.004
0.045 0
0.014 0.001
0.46 0.005
0.41 0.003
0.077 0.002
0.059 0.005
0.209 0.003
0.313 0.004
control 1000u M
1.05 24
0.375 2.7
0.75 0.75
0.375 0.45
1.05 2.55
0.27 1.8
15.69 13.333
8.09 24.545
3.703 7.5
1.923 7.32
19.02 14.488
1.313 14.285
0.2355 0.2595
0.33 0.2595
0.3525 0.1575
0.1815 0.1785

AU
535-600 nm
0.008
0.004
0.007
0.005
0.002
0.006

0.021
0.021
0.048
0.018
0.045
0.013

0.455
0.407
0.075
0.054
0.206
0.309

4000 uM
18.45
56.25

2.25
9
1.8
2.55

87.857
274
16.071

45
7.826
19.318

0.067
0.124
0.2445
0.23
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48 h

control
control
control
control
control
control

1000pM
1000pM
1000puM
1000pM
1000pM
1000puM

4000puM
4000pM
4000uM
4000uM
4000pM
4000uM

AU

535 nm
0.006
0.01
0.005
0.003
0.008
0.002

0.019
0.02
0.005
0.005
0.013
0.011

0.102
0.423
0.014
0.058
0.013
0.015

AU AU
600 nm 535-600 nm
0.01 0.005
0.007 0.003
0.001 0.004
0 0.003
0.003 0.005
0 0.002
0.007 0.012
0.006 0.014
0.001 0.004
0.001 0.004
0.004 0.011
0.002 0.009
0.01 0.092
0.01 0.413
0.002 0.012
0.006 0.052
0.004 0.009
0.002 0.013

MDA nmol/ml medium

control
1.05 2.4
0.375 2.7
0.75 0.75
0.375 0.45
1.05 2.55
0.27 1.8
normalised MDA ng/mgtein
15.69 13.333
8.09 24.545
3.703 7.5
1.923 7.32
19.02 14.488
1.313 14.285
0.0669  0.018
0.04635  0.011
0.2025 0.01
0.195 0.0614

10004 M 4000 pM

18.45
56.25
2.25
9

1.8
2.55

87.857
274
16.071

45
7.826
19.318

0.21
0.205

0.14
0.2



Table 27: Values of luminescence measurements dnd L) and % of inhibition in V. fischeri

exposed for 30 min to aqueous solutions of desnifxtl, olefin-IMI and 5-hydroxy-IMI.

V. fischeri

desnitro-IMI

Geometric dillution
Concentration: 100 mg [*

-1

mg L G-value Lo Le % Inhibition average  Valid
0K 349,10 323,10 318,2368 -1,5 1,53
397,70 357,00 362,5402 1,5 Yes
0.39 512 370,30 325,10 337,5626 3,7 0,58
363,30 315,10 331,1814 4,9 4,27 Yes
0.78 256 336,40 272,30 306,6596 11,2 0,58
364,30 304,60 332,093 8,3 9,74 Yes
1.5625 128 344,00 299,30 313,5877 4,6 0,25
345,00 298,60 314,4993 5,1 4,81 Yes
3.125 64 361,20 311,00 329,2671 5,5 0,58
339,00 295,50 309,0297 4,4 4,96 Yes
6.25 32 355,10 308,30 323,7064 4,8 1,00
316,10 268,70 288,1543 6,8 5,76 Yes
12.5 16 338,40 279,70 308,4828 9,3 0,05
329,10 271,70 300,005 9,4 9,38 Yes
25 8 323,00 249,10 294,4443 15,4 0,41
312,30 243,20 284,6902 14,6 14,99 Yes
50 4 302,10 220,90 275,392 19,8 0
312,80 228,70 285,146 19,8 19,79 Yes
100 2 332,30 190,00 302,9221 37,3 0,68
339,30 198,20 309,3032 35,9 36,60 Yes
olefin-IMI

Geometric dillution
Concentration: 100 mg iy

-1

mg L G-value Lo Le % Inhibition average  Valid
0K 667,50 695,70 667,7769 -4,2 4,18
719,50 689,70 719,7984 4,2 no

0.39 512 703,00 668,70 703,2916 4,9 2,66
688,30 691,40 688,5855 -0,4 2,25 Yes

0.78 256 672,40 660,80 672,6789 1,8 0,36
656,10 640,00 656,3721 2,5 2,13 Yes

1.5625 128 691,30 646,20 691,5867 6,6 0,18
698,60 650,50 698,8898 6,9 6,74 Yes

3.125 64 735,80 699,20 736,1052 5,0 2,05
716,10 651,10 716,397 9,1 7,06 Yes

6.25 32 728,40 667,00 728,7021 8,5 2,53
730,40 631,90 730,7029 13,5 10,99 Yes

12.5 16 726,50 655,80 726,8013 9,8 2,73
707,60 600,10 707,8935 15,2 12,50 Yes

258 761,30 601,20 761,6158 21,1 0,67
689,80 554,00 690,0861 19,7 20,39 Yes

50 4 712,30 503,70 712,5954 29,3 1,58
708,10 523,10 708,3937 26,2 27,74 Yes

100 2 690,00 388,10 690,2862 43,8 0,56
701,40 386,70 701,6909 44,9 44,33 Yes
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Table 27: Values of luminescence measurementg dnd L) and % of inhibition in V. fischeri
exposed for 30 min to aqueous solutions of desnitl, olefin-IMI and 5-hydroxy-IMI

(continued).

V. fischeri

5-hydroxy-IMI

Geometric dillution
Concentration: 100 mg/L

mg L G-value Lo Le Mean % Inhibition average Valid
0K 801,50 841,60 836,9317 -0,6 0,56
825,90 857,60 862,4104 0,6 Yes
0.39 512 815,70 809,00 851,7595 5,0 0,98
801,40 778,40 836,8273 7,0 6,00 Yes
0.78 256 831,70 803,40 868,4668 7,5 0,37
841,90 819,70 879,1177 6,8 7,13 Yes
1.5625 128 839,60 829,10 876,716 5,4 1,10
841,40 811,50 878,5956 7,6 6,53 Yes
3.125 64 864,10 829,60 902,2991 8,1 0,65
855,00 809,20 892,7968 9,4 8,71 Yes

6.25 32 820,10 781,60 856,354 8,7 0,15
856,30 813,40 894,1543 9,0 8,88 Yes

12.5 16 862,60 812,30 900,7328 9,8 0,31
841,70 787,10 878,9088 10,4 10,13 Yes

258 824,50 769,10 860,9485 10,7 0,06
861,60 802,60 899,6886 10,8 10,73 Yes

50 4 836,40 700,30 873,3746 19,8 0,28
860,00 725,00 898,0178 19,3 19,54 Yes

100 2 876,20 598,10 914,934 34,6 0,09
858,00 587,30 895,9294 34,4 34,54 Yes
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Table 27a: Gamma values and gamma linear regressamplied for EC-calculations irV. fischeri

test.

Olefin-IMI
Conc. % Inhibition Gamma log Gama log cone. Gamma EC Concentration
mg/l Y X Lin. Reg mg/l
0,39 2,2549 0,02 0,02 20 22,577
0,78 2,1301 0,02 003 30 49,93
1,5625 6,7432 0,07 0,04 40 95,517
3,125 7.0641 0,08 0,07 50 173,217
6,25 10,9945 0,12 -0,908 0,796 0,10 60 314,351
12,50 12,4982 0,14 -0,845 1,007 0,17 70 601,678
25,00 20,3914 0,26 -0,592 1,398 0,27 80 1328,985
50,00 27,7358 0,38 -0,416 1,699 043
100,00 443336 0,80 -0,099 2,00 0,69

Desnitro-IMI
Conc. % Inhibiton Gamma log Gama log conc. Gamma EC Concentration
mg/l Y Lin. Reg mg/l
0,39 42739 0,04 0,0046 20 41,563
0,78 9,7416 0.1 0,01 30 78,125
1,5625 4,8058 0,05 0,02 40 130,856
3,125 4,963 0.05 0,03 50 210,059
6,25 5,7554 0,06 0,05 60 337,396
12,50 9.3826 0.10 0,09 70 565,362
25,00 14,9869 0.18 -0,754 1,398 0.16 80 1061,635
50,00 19,7913 0,25 -0,608 1,699 0,29
100,00 36,599 0.58 -0,239 2,00 0,53

5-hydroxy-IMI
Cone. % Inhibition Gamma log Gama  log conc. Gamma EC Concentration
ma/l Y X Lin. Reg mgl/l
0,39 6,0011 0,086 0,01 20 46,01
0,78 7.1255 0,08 0,01 30 92,821
1,5625 6,5339 0,07 0,02 40 164,721
3,125 8,7103 0.10 0,03 50 278,822
6,25 8,8803 0.10 0,05 60 472,265
12,50 10,1318 0.1 -0,948 1,097 0,09 70 838,478
25,00 10,7298 0,12 -0,92 1,398 0,16 80 1689,669
50,00 19,5417 0,24 -0,615 1,699 0,27
100,00 34,5386 0,53 -0,278 2,00 0,45
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Table 28: Values of fluorescence measurement and#algal growth in D. subspicatusexposed
for 0, 24, 48, 72 and 96 h to IMI, Confidor 200SInd 6CNA.

D. subspicatus

Oh
Fluorescence measurments(FU)
mg L™? 7.6 25.6 51.1 127.8 255.6
positive control 431 371 387 387 408

408 434 374 425 362

375 383 374 376 338
control 363 388 376 391 401

437 389 388 358 382

404 414 379 201 428
imidacloprid 365 353 412 366 359

399 406 397 387 359

378 378 366 370 318
confidor 200SL 380 355 340 355 403

400 373 350 352 390

380 334 345 340 360
6CNA 405 330 332 368 277

455 395 356 373 234

444 402 395 393 254
Average
positive control (mg Lt ) (o] 7.6 25.6 51.1 127.8 255.6
Mean 379.933 404.667 396 378.333 396 369.333
Survival % 100 106.51 104.229 99.5789 104.229 97.21
SD O 7.40878 8.80456 1.97549 6.76696 9.36257
imidacloprid
Mean 379.933 380.667 379 391.667 374.333 345.333
Survival % 100 100.193 99.7543 103.088 98.5261 90.8931
SD O 4.51557 6.97863 6.17455 2.93485 6.2304
confidor 200SL
Mean 379.933 386.667 354 345 349 384.333
Survival % 100 101.772 93.1742 90.8054 91.8582 101.158
SD O 3.03922 5.13754 1.31602 2.08912 5.80443
6CNA
Mean 417.333 434.667 375.667 361 378 388.333
Survival % 100 104.153 90.016 86.5016 90.5751 93.0511
SD O 6.29573 9.51351 7.6189 3.16983 9.86899
24 h
Fluorescence measurments(FU)
mg [ 7.6 25.6 51.1 127.8 255.6
positive control 328 108 72 68 39

521 131 71 95 29

204 83 73 61 39
control 579 647 546 593 530

761 587 649 557 620

567 543 551 104 488
imidacloprid 465 435 427 548 445

485 478 458 417 438

478 433 439 456 387
confidor 200SL 647 541 400 415 418

529 486 404 414 393

513 435 412 375 358
6CNA 1060 1391 2055 2596 38

896 962 1396 1800 41

794 805 924 998 40
Average
positive control (mg L™ ) control 7.6 25.6 51.1 127.8 255.6
Mean 554.8 351 107.333 72 74.6667 35.6667
Survival % 100 63.266 19.3463 12.9776 13.4583 6.42874
SD O 28.7936 4.32713 0.18025 3.23606 1.04065
imidacloprid
Mean 554.8 476 448.667 441.333 473.667 423.333
Survival % 100 85.7967 80.87 79.5482 85.3761 76.3038
SD O 1.82929 4.58239 2.81744 12.1239 5.7065
confidor 200SL
Mean 554.8 563 487.333 405.333 401.333 389.667
Survival % 100 101.478 87.8395 73.0594 72.3384 70.2355
SD O 13.1912 9.55526 1.10132 4.11154 5.43233
6CNA
Mean 1517.13 916.667 1052.67 1458.33 1798 39.6667
Survival % 100 60.421 69.3852 96.1243 118.513 2.61458
SD O 8.84555 19.9942 37.4437 52.6652 0.10068
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Table 28: Values of fluorescence measurement and#algal growth in D. subspicatusexposed
for 0, 24, 48, 72 and 96 h to IMI, Confidor 200Slnd 6CNA (continued).

D. subspicatus

48 h
Fluorescence measurments(FU)
mg/L 7.6 25.6 51.1 127.8 255.6
positive control 173 35 24 19 13
892 52 30 21 9
109 35 23 18 8
control 1234 1326 1317 1283 1084
1557 1401 1676 1320 1286
1273 1583 1413 468 1403
imidacloprid 1665 1441 1408 1589 1481
1731 1797 1623 1495 1522
1710 1676 1661 1565 1652
confidor 200SL 1919 1540 1244 1165 1137
1730 1550 1114 1090 1097
1836 1440 1145 959 981
6CNA 3747 3659 5030 4487 20
4053 4669 5111 4173 15
4894 4118 5320 4365 20
Average
positive control (mg L™ ) o 7.6 25.6 51.1 127.8 255.6
Mean 981.185 93.980 30.485 19.235 14.485 7.485
Survival % 100.000 9.578 3.107 1.960 1.476 0.763
SD 66.671 8.918 2.230 1.348 0.996 0.558
imidacloprid
Mean 981.185 1,276.485 1,228.485 1,172.985 1,162.235 1,163.70
Survival % 100.000 130.096 125.204 119.548 118.452 118.605
SD 66.671 3.437 18.449 13.905 4.978 9.099
confidor 200SL
Mean 981.185 1,371.235 1,132.485 875.735 803.485 803.735
Survival % 100.000 139.753 115.420 89.253 81.889 81.915
SD 66.671 9.655 6.199 6.920 10.626 8.258
6CNA
Mean 2,920.133 4,231.333 4,148.667 5,153.667 4,341.667 18.333
Survival % 100.000 144.902 142.071 176.487 148.680 0.628
SD 0.000 20.339 17.318 5.124 5.421 0.099
72 h
Fluorescence measurments(FU)
mg/L 7.6 25.6 51.1 127.8 255.6
positive control 153 24 17 14 13
1586 28 21 15 13
72 29 15 12 7
control 4087 4524 4081 3834 3535
4255 3708 6175 3267 3307
3417 3702 3596 2120 3575
imidacloprid 5338 4761 4148 4757 4277
5047 5329 5368 4503 4779
6404 7413 6117 5556 5624
confidor 200SL 4991 3921 2621 2356 2018
5006 4214 2658 2198 1942
5497 4512 2907 2219 1844
6CNA 5039 145 29 17 14
4055 357 39 11 14
6057 645 182 26 18
Average
positive control (mg L™ ) control 7.6 25.6 51.1 127.8 255.6
Mean 3,812.200 112.500 27.000 17.667 13.667 11.000
Survival % 100.000 2.951 0.708 0.463 0.358 0.289
SD 0.000 1.502 0.069 0.080 0.040 0.091
imidacloprid
Mean 3,812.200 5,596.333 5,834.333 5,211.000 4,938.667 43893.
Survival % 100.000 146.801 153.044 136.693 129.549 128.360
SD 0.000 18.741 36.628 26.070 14.414 17.857
confidor 200SL
Mean 3,812.200 5,164.667 4,215.667 2,728.667 2,257.667 XK634.
Survival % 100.000 135.477 110.584 71.577 59.222 50.749
SD 0.000 7.552 7.752 4.080 2.251 2.288
6CNA
Mean 6,559.267 9,784.000 10,216.000 10,478.000 9,227.333 0a4.0
Survival % 100.000 149.163 155.749 159.743 140.676 0.213
SD 0.000 16.519 11.029 12.001 16.055 0.026
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Table 28: Values of fluorescence measurement and#4algal growth in D. subspicatusexposed
for 0, 24, 48, 72 and 96 h to IMI, Confidor 200Slnd 6CNA (continued)

D. subspicatus

96 h
Fluorescence measurments(FU)
mg/L 7.6
positive control 462
3866
203
control 6471
7933
7864
imidacloprid 9901
12089
11920
confidor 200SL 10026
9711
9623
6CNA 10620
10452
12070
Average
positive control (mg L ) 0
Mean 7597
Survival % 100
SD 0
imidacloprid
Mean 7597
Survival % 100
SD 0
confidor 200SL
Mean 7597
Survival % 100
SD 0
6CNA
Mean 9526.73
Survival % 100
SD 0
DMSO + NMP
% viv 0
Mean 7597
Survival % 100
SD 0

25.6
21
21
27

6929
7510
8701

10912
12528
10684

8694
9875
9501

10781
12392
11402

7.6
332.5
4.37673
2.4107

11303.3
148.787
16.0246

9786.67
128.823
2.7891

11047.3
115.961
9.33825

0.003

6176.31
81.3
4.56
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51.1 127.8
20 12
21 18
20 10
7019 7014
9929 7681
8095 6062
10546 10565
10834 9157
10770 10443
6207 4321
6780 5642
7800 6471
12295 10421
12239 9493
12322 10662
25.6 51.1
23 20.3333
0.30275 0.26765
0.0456 0.0076
11374.7 10716.7
149.726 141.064
13.2329  1.9906
9356.67 6929
123.163 91.2071
7.94504 10.6211
11525 12285.3
120.975 128.956
8.52877 0.44439
0.01 0.02
6054.8 4277.11
79.7 56.3
6.23 7.32

255.6
12
15

9

6887
7720
8140

8296
8494
8183

3388
3576
4497

17
12
16

127.8
13.3333

0.17551

0.0548

10055
132.355
10.2683

5478
72.1074
14.2733

10192
106.983
6.47891

0.06

1344.66
17.7
3.21

255.6
12
0.15796
0.03949

8324.33
109.574
2.07219

3820.33
50.2874
7.81232

15
0.15745
0.02777

0.12

774.8
10.3
6.02



Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole
experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C).

G. fossarum
A
control 102.2pg L™ 153.3pg L*

Wet weight Length Wet weight Length Wet weight Length
0.017 T 7 0.016 T 5 0.038 T 10
0.026 t 10 0.034 ) 11 0.031 12
0.017 9 0.036 T 12 0.054 T 12
0.038 12 0.037 T 12 0.054 13
0.052 14 0.028 T 12 0.029 8
0.052 15 0.342 T 13 0.032 10
0.054 15 0.037 T 12 0.017 10
0.036 19 0.023 T 14 0.043 16
0.018 16 0.018 T 10 0.032 14
0.044 14 0.068 T 14 0.027 13
0.019 10 0.026 T 9 0.017 11
0.032 12 0.018 9 0.023 11
0.032 10 0.053 16 0.054 12
0.038 7 0.053 15 0.03 11
0.043 14 0.024 12 0.061 16
0.031 10 0.027 12 0.049 12
0.052 14 0.054 14 0.031 12
0.052 15 0.046 13 0.054 13
0.046 17 0.067 14 0.029 8
0.024 10 0.052 10 0.045 17
0.047 15 0.08 16 0.043 16
0.023 11 0.023 10 0.032 15
0.026 11 0.018 10 0.038 16
0.035 13 0.056 17 0.037 13
0.041 15 0.029 11 0.038 11
0.023 11 0.029 11 0.023 12
0.03 14 0.023 11 0.026 12
0.044 15 0.017 11 0.024 12
0.031 13 0.069 16 0.031 13
0.029 12 0.058 16 0.028 12
0.022 10 0.034 14 0.022 10
0.032 15 0.037 13 0.036 15
0.047 16 0.037 14 0.021 12
0.039 14 0.013 10 0.024 12
0.023 11 0.045 15 0.022 12
0.03 14 0.034 11 0.025 12
0.019 11 0.036 13 0.04 15
0.023 12 0.033 14 0.038 12
0.043 16 0.018 12 0.038 16
0.038 15 0.026 13 0.032 12
0.04 17 0.028 14 0.028 14
0.027 12 0.045 16 0.03 14
0.041 15 0.038 14 0.047 15
0.024 11 0.022 14 0.028 10
0.028 13 0.027 15 0.04 15
0.032 13 0.038 16 0.038 11
0.036 13 0.037 16 0.027 13
0.032 17 0.032 16 0.043 14
0.043 17 0.022 10 0.032 12
0.042 15 0.043 17 0.042 15
0.032 14 0.041 15 0.034 11
0.036 11 0.032 13 0.024 13
0.023 12 0.021 12 0.016 13
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Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole
experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C) (continued).

G. fossarum

A
204.5pg L 255.6pg L 511.3pug L?

Wet weight Length Wet weight Length Wet weight Length
0.05 T 13 0.023 T 6 0.038 T 15
0.034 t 11 0.025 T 6 0.03 11
0.048 T 15 0.033 T 11 0.032 t 15
0.06 T 17 0.07 T 17 0.038 t 14
0.025 T 12 0.041 T 15 0.032 t 15
0.018 T 11 0.033 T 16 0.032 t 15
0.041 T 15 0.025 13 0.038 t 15
0.038 T 15 0.04 14 0.245 11
0.07 17 0.022 12 0.038 14
0.026 14 0.053 15 0.034 15
0.061 15 0.039 13 0.057 16
0.056 14 0.027 10 0.022 11
0.05 12 0.052 13 0.043 17
0.032 9 0.056 13 0.036 10
0.038 12 0.041 15 0.027 10
0.055 15 0.049 18 0.08 18
0.048 15 0.041 15 0.036 10
0.039 14 0.045 16 0.025 8
0.024 13 0.039 16 0.03 15
0.049 16 0.037 13 0.043 15
0.019 12 0.039 13 0.044 15
0.049 18 0.349 15 0.041 14
0.034 12 0.048 10 0.027 14
0.425 14 0.048 14 0.036 15
0.035 13 0.04 15 0.036 10
0.041 13 0.022 12 0.019 12
0.029 13 0.034 15 0.026 14
0.042 17 0.02 10 0.021 12
0.045 15 0.034 15 0.044 15
0.033 15 0.042 17 0.041 14
0.025 14 0.043 15 0.027 14
0.021 12 0.04 15 0.045 16
0.032 14 0.044 18 0.043 17
0.044 15 0.021 12 0.021 12
0.029 13 0.048 16 0.019 12
0.042 17 0.041 16 0.026 14
0.025 12 0.02 10 0.042 15
0.031 12 0.046 15 0.043 16
0.026 12 0.032 13 0.044 14
0.026 12 0.024 10 0.042 15
0.028 12 0.032 16 0.039 13
0.045 12 0.036 16 0.036 11
0.034 13 0.023 14 0.041 13
0.036 15 0.032 13 0.023 13
0.033 17 0.028 14 0.026 13
0.03 12 0.023 17 0.024 17
0.019 10 0.048 15 0.022 15
0.023 10 0.042 16 0.032 15
0.043 17 0.028 12 0.014 5
0.022 11 0.027 12 0.036 10
0.036 11 0.037 12 0.025 8
0.039 15 0.019 11 0.022 7
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Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole

experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C) (continued).

G. fossarum

B
control / DMSO+ NMP
Wet weight
0.017
0.026
0.017
0.038
0.052
0.052
0.054
0.036
0.018
0.044
0.019
0.032
0.032
0.038
0.043
0.031
0.052
0.052
0.046
0.024
0.047
0.023
0.026
0.035
0.041
0.023
0.03
0.044
0.031
0.029
0.022
0.032
0.047
0.039
0.023
0.03
0.019
0.023
0.043
0.038
0.04
0.027
0.041
0.024
0.028
0.032
0.036
0.032
0.043
0.042
0.032
0.036
0.023

Length
7
10
9
12
14
15
15
19
16
14
10
12
10
7
14
10
14
15
17
10
15
11
11
13
15
11
14
15
13
12
10
15
16
14
11
14
11
12
16
15
17
12
15
11
13
13
13
17
17
15
14
11
12

102.2pg L™
Wet weight
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0.019
0.026
0.017
0.039
0.052
0.042
0.054
0.026
0.018
0.054
0.019
0.032
0.032
0.038
0.033
0.035
0.04
0.05
0.036
0.028
0.047
0.013
0.026
0.035
0.041
0.033
0.03
0.044
0.021
0.029
0.022
0.032
0.047
0.039
0.023
0.03
0.027
0.052
0.056
0.041
0.039
0.041
0.046
0.024
0.028
0.035
0.036
0.032
0.023
0.042
0.042
0.036
0.023

Length
7
10
9
12
14
15
15
19
16
14
10
12
10
7
14
11
14
14
17
12
15
10
11
12
15
11
13
13
13
12
10
15
16
14
11
14
10
14
13
15
18
15
14
11
13
13
13
15
13
15
14
11
12

153.3pg L™*
Wet weight
0.015
0.024
0.038
0.037
0.029
0.342
0.035
0.023
0.018
0.067
0.026
0.018
0.053
0.053
0.031
0.0542
0.0292
0.0318
0.0503
0.0345
0.08
0.023
0.018
0.056
0.029
0.029
0.038
0.03
0.032
0.038
0.032
0.032
0.038
0.013
0.045
0.034
0.034
0.033
0.028
0.02
0.028
0.042
0.038
0.025
0.027
0.039
0.037
0.033
0.042
0.043
0.031
0.032
0.021



Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole
experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C) (continued).

G. fossarum
B
204.5pg L* 255.6pg L™ 511.3pg L*

Wet weight Length Wet weight Length  Wet weight Length
0.038 T 10 0.023 T 6 0.023 T 6
0.037 T 12 0.025 T 6 0.025 T 6
0.044 T 12 0.033 T 11 0.033 T 12
0.054 T 13 0.07 T 17 0.072 T 15
0.039 T 8 0.019 T 7 0.044 T 15
0.022 T 10 0.026 T 10 0.033 T 16
0.019 T 10 0.017 T 9 0.026 T 14
0.043 T 16 0.039 T 12 0.04 T 15
0.036 T 14 0.016 T 5 0.023 T 12
0.027 T 13 0.034 T 11 0.053 T 15
0.017 T 11 0.036 T 12 0.036 T 13
0.023 11 0.037 T 12 0.019 T 11
0.054 12 0.038 T 10 0.028 T 12
0.03 11 0.031 T 12 0.043 T 16
0.061 16 0.054 T 12 0.038 T 15
0.049 12 0.054 T 13 0.04 T 17
0.031 12 0.0169 T 13 0.027 T 12
0.054 13 0.026 T 11 0.041 T 15
0.029 8 0.0173 T 15 0.014 + 5
0.045 17 0.038 T 17 0.036 T 10
0.043 16 0.037 T 12 0.025 T 8
0.032 15 0.023 T 14 0.022 T 7
0.038 16 0.018 T 10 0.042 T 15
0.037 13 0.068 T 14 0.039 T 13
0.038 11 0.026 T 9 0.036 T 11
0.023 12 0.018 9 0.041 T 13
0.026 12 0.017 10 0.034 T 15
0.024 12 0.043 16 0.026 T 10
0.031 13 0.032 14 0.034 15
0.028 12 0.027 13 0.042 17
0.022 10 0.017 11 0.043 15
0.036 15 0.023 11 0.04 15
0.021 12 0.0541 15 0.044 18
0.024 12 0.0159 15 0.022 12
0.022 12 0.034 17 0.048 16
0.025 12 0.0362 14 0.041 16
0.04 15 0.018 15 0.02 10
0.038 12 0.0676 14 0.046 15
0.038 16 0.026 12 0.034 13
0.032 12 0.026 12 0.024 10
0.028 14 0.028 12 0.032 16

0.03 14 0.045 12 0.036 16
0.047 15 0.034 13 0.028 14
0.028 10 0.036 15 0.032 13
0.04 15 0.033 17 0.028 14
0.038 11 0.03 12 0.023 17
0.027 13 0.019 10 0.048 15
0.043 14 0.023 10 0.042 16
0.032 12 0.043 17 0.028 12
0.042 15 0.022 11 0.028 12
0.034 11 0.036 11 0.037 12
0.024 13 0.039 15 0.019 11
0.016 13 0.032 12 0.036 12
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Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole
experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C) (continued).

G. fossarum
C
control 102.2pg L 153.3pg L
Wet weight Length Wet weight Length Wet weight Length
0.017 T 7 0.08 t 18 0.017 T 8
0.026 T 10 0.036 t 10 0.023 T 12
0.017 9 0.025 t 8 0.038 T 13
0.038 12 0.03 T 15 0.037 T 12
0.052 14 0.043 15 0.032 11
0.052 15 0.044 15 0.42 13
0.054 15 0.245 11 0.025 12
0.036 19 0.038 14 0.036 14
0.018 16 0.034 15 0.018 12
0.044 14 0.057 16 0.067 12
0.019 10 0.022 11 0.046 9
0.032 12 0.043 17 0.018 10
0.032 10 0.037 10 0.043 15
0.038 7 0.027 10 0.053 15
0.043 14 0.039 16 0.021 14
0.031 10 0.037 13 0.042 15
0.052 14 0.039 13 0.029 14
0.052 15 0.349 15 0.038 12
0.046 17 0.048 10 0.03 16
0.024 10 0.048 14 0.035 11
0.047 15 0.04 15 0.08 16
0.023 11 0.041 14 0.02 10
0.026 11 0.027 14 0.018 10
0.035 13 0.036 15 0.056 17
0.041 15 0.036 10 0.039 11
0.023 11 0.019 12 0.029 12
0.03 14 0.026 14 0.018 15
0.044 15 0.021 12 0.03 11
0.031 13 0.044 15 0.032 13
0.029 12 0.041 14 0.028 12
0.022 10 0.027 14 0.032 15
0.032 15 0.045 16 0.032 15
0.047 16 0.043 17 0.018 14
0.039 14 0.021 12 0.023 10
0.023 11 0.01 12 0.045 15
0.03 14 0.026 14 0.034 11
0.019 11 0.042 15 0.034 13
0.023 12 0.043 16 0.033 14
0.043 16 0.044 14 0.028 12
0.038 15 0.042 15 0.024 13
0.04 17 0.039 13 0.028 14
0.027 12 0.036 11 0.042 16
0.041 15 0.041 13 0.038 14
0.024 11 0.023 13 0.025 14
0.028 13 0.026 13 0.017 13
0.032 13 0.024 17 0.039 14
0.036 13 0.022 15 0.037 16
0.032 17 0.032 15 0.033 16
0.043 17 0.032 17 0.042 17
0.042 15 0.036 15 0.053 17
0.032 14 0.046 16 0.031 15
0.036 11 0.032 12 0.022 13
0.023 12 0.041 16 0.021 11
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Table 29: G. fossarum wet weight (g) and total body length (mm) measurddring whole
experimental trial. Dead individuals are signed by and grey colour. n= 50 for every exposure
concentration and tested compound IMI (A), Confid@00SL (B) and 6CNA (C) (continued).

G. fossarum

C
204.5pg L™ 255.6pg L™ 511.3pg L™
Wet weight Length  Wet weight Length  Wet weight Length

0.032 T 10 0.038 T 15 0.0142 T 10
0.038 T 7 0.036 T 10 0.0193 T 11
0.043 T 14 0.027 T 10 0.201 T 18
0.031 T 10 0.080 T 18 0.072 T 14
0.052 T 14 0.036 T 10 0.044 T 18
0.052 15 0.025 T 8 0.033 T 12
0.046 17 0.030 15 0.026 T 17
0.024 10 0.043 15 0.04 12
0.047 15 0.044 15 0.023 12
0.023 11 0.041 14 0.053 12
0.026 11 0.027 14 0.036 16
0.067 14 0.0218 12 0.019 8
0.052 10 0.0208 10 0.028

0.023 16 0.0423 12 0.043 19
0.023 10 0.0236 12 0.038 13
0.018 10 0.0343 13 0.04 15
0.056 17 0.0198 13 0.027 12
0.029 11 0.0383 11 0.041 10
0.029 11 0.0486 15 0.014 10
0.023 11 0.0213 17 0.036 15
0.017 11 0.0423 12 0.025 15
0.054 12 0.0394 14 0.022 12
0.061 11 0.032 10 0.042 11
0.061 16 0.0423 14 0.039 18
0.049 12 0.0432 9 0.036 14
0.031 12 0.0283 9 0.041 17
0.054 13 0.0301 10 0.034 13
0.029 8 0.0238 16 0.026 10
0.045 17 0.0324 14 0.034 14
0.043 16 0.0183 13 0.042 11
0.032 15 0.0239 11 0.043 11
0.038 16 0.0313 11 0.04 11
0.037 13 0.0193 15 0.044 11
0.031 12 0.0182 15 0.022 14
0.032 9 0.0473 17 0.048 16
0.038 12 0.0306 14 0.041 17
0.055 15 0.0412 15 0.02 18
0.048 15 0.0273 14 0.046 16
0.039 14 0.0201 12 0.034 11
0.024 13 0.0423 12 0.024 11
0.049 16 0.02 12 0.032 17
0.019 12 0.0197 12 0.036 14
0.049 18 0.0132 13 0.028 11
0.039 13 0.0214 15 0.032 13
0.027 10 0.0227 17 0.028 14
0.052 13 0.0412 12 0.023 17
0.056 13 0.0432 10 0.048 15
0.041 15 0.0327 10 0.042 16
0.049 18 0.0402 17 0.028 12
0.041 15 0.0187 11 0.028 12
0.045 16 0.0156 11 0.037 12
0.039 16 0.0428 15 0.019 11
0.037 13 0.0231 12 0.036 12
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Table 30: CAT activity inG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA )@or

24 h. Representative absorbance (AU) values of whdimin measurement (selected for every 30 s)

and data normalised on total protein contentrfol/min/mg protein). (n=10).

CAT
24h-A
Control
time
0s
30s
60s
90s
120s
102.2pgL™"
time
0s
30s
60s
0s
120s
153.3ug L™t
time
0s
30s
60s
90s
120s
204.5ng L
time
0s
30s
60s
0s
120s
255.6pg L
time
0s
30s
60s
90s
120s
511.3pgL"
time
0s
30s
60s
90s
120s

24h
control
102.2pgL*
153.3pg L*
204.5pg L*
255.6pg L
511.3pg L
control
102.2pgL*
153.3pg L*
204.5pg L
255.6pg L
511.3pg L
control
102.2pgL*
153.3pg L*
204.5pg L
255.6pg L
511.3pgL*
control
102.2pgL*
153.3pg L*
204.5pg L
255.6pg L
511.3pg L

AU
0.249984
0.1434
0.1278
0.1225
0.1319

AU
0.622296
0.510951
0.473377

0.4616
0.459534

AU
0.387351
0.321101
0.316213
0.317878

0.3209

AU
0.109651
0.107902

0.10576
0.105092
0.104304

AU
0.370032
0.2753
0.23435
0.221666
0.220359

AU
0.372761
0.318241
0.280295
0.265205
0.258302

pmol/min
3.30
4.27
2.93
3.23
3.92
3.00
3.34
2.08
2.99
3.62
112
4.02
234
145
3.89
2.03
121
2.38
441
131
4.61
2.96
0.47
217

AU
0.236015
0.144931
0.107958
0.095192
0.092474

AU
0.378397
0.309595
0.300228
0.299063
0.298819

AU
0.293125
0.228271
0.223401
0.223038
0.223233

AU
0.568216
0.48655
0.447169
0.427466
0.417472

AU
0.222188
0.181938
0.170581

0.17146
0.176104

AU
0.257039
0.170586
0.124015
0.106573
0.103872

0.14
0.17
0.15
0.14
0.13
0.12
0.14
0.13
0.13
0.17
0.17
0.15
0.16
0.16
0.16
0.14
0.13
0.17
0.16
0.17
0.17
0.17
0.16
0.13

AU
0.328127
0.267479
0.261221
0.261815
0.262044

AU
0.248703
0.192585
0.186722
0.189618
0.193574

AU
0.232242
0.156464
0.135936
0.129975
0.127897

AU
0.308946
0.254737
0.245754
0.244844
0.245152

AU
0.308351
0.230039
0.216697
0.215311
0.217619

AU
0.295672
0.225766
0.214258
0.213684
0.212975

Calculated values normalised on protein content

mg protein sample  pmol/min/mg prot

23.26
25.11
2021
23.26
20.92
25.64
2358
16.64
2358
2134
6.51

27.16
14.30
9.04

24.35
14.30
9.22

14.00
27.96
7.70

27.96
17.89
3.01

16.31

AU
0.189747
0.124783
0.110829
0.109345
0.10956

AU
0.244712
0.17747
0.156488
0.15161
0.150546

AU
0.368594
0.331384
0.329843
0.331618
0.332949

AU

0.456586
0.415276
0.414603
0.414191
0.413845

AU

0.72374
0.708714
0.722104
0.72614
0.734509

AU
0.214039
0.214832
0.215311
0.216409
0.21806

pmol/min

361
3.42
3.26
357
4.06
17
367
6.75
2.30
3.68
4.49
354
365
361
468
3.79
391
3.30
468
482
222
234
350
261

AU

0.944999
0.884891
0.878326
0.876684
0.872544

AU
0.562342
0.51609
0.513651
0.513624
0.512424

AU
0.208142
0.123799
0.09466
0.088608
0.094649

AU
0.51346
0.465719
0.461604
0.461798
0.462283

AU

0.265941
0.172579
0.144939
0.137805
0.138946

AU

0.207367
0.152519
0.142815
0.142374
0.142141

mg protein sample

170

0.17
0.17
0.16
0.17
0.12
0.15
0.14
0.13
0.17
0.15
0.14
0.15
0.16
0.16
021
0.17
0.14
0.13
0.17
0.16
0.13
0.14
0.16
0.16

AU
0.526705
0.39884
0.449446
0.466036

0.461109

AU
0.303023
0.205498
0.194052
0.197784
0.207905

AU
0.21532
0.145265
0.102403
0.079409
0.067767

AU
0.384129
0.311387

0.30384
0.307386
0.312876

AU
0.122743
0.044143
0.017542
0.011349
0.012736

AU
0.414632
0.392458
0.389164

0.39124
0.396799

pmol/min/mg prot
21.04
20.62
21.04
21.04
34.78
11.56
25.90
54.06
13.56
25.40
32.34
23.94
22.30
22.59
22.30
22.30
27.55
25.18
28.20
31.10
16.70
16.70
22.44
16.31

AU
341
63681
44368
079233
15876

AU
1742
97803
58687
71072
10373

AU
W83
84120

97655
47280

pmol/min
244
/
4.68
315
12.01
454
217
/
201
2.55
!
2.09

AU
0.103817
0.041044
0.003254
0.014785
0.020759

AU
0.29079
0.211563
0.186296
0.179639
0.178033

AU
0.199429
0.136172
0.119574
0.115876
0.115107

AU
0.157861
0.087623
0.05773
0.04877
0.047428

AU
0.434314
0.352311
0.321198

0.31635
0.31852

AU
0.220962
0.145373
0.148769
0.162347
0.177832

mg protein sample
0.14
/
0.17
0.16
0.13
0.17
0.17
/
0.12
0.15
/
0.13

AU
0.147454
0.071584
0.034201
0.016996
0.00724

AU
0.148624
0.073619
0.044421
0.030781
0.019442

AU
0.099711
0.032089
0.007261
0.028495
0.040036

AU
0.218183
0.147254
0.096521
0.068282
0.054617

AU
0.370469
0.285773
0.249752
0.240864
0.239757

AU
0.206582
0.123168

0.10143
0.094843
0.095391

pmol/min/mg prot
17.20
/
28.20
20.34
90.31
26.38
16.70
/
17.20
17.20
!
15.58

AU
0.26248
0.16636
0.13993
0.13353
0.13065

AU
0.43806
0.09428
0.08821
0.08333
0.07377

AU
0.3391

0.2359
0.23418
0.23091
0.20964

AU
0.39877
0.28689
0.30647

0.3165
0.32143

AU
0.67924
0.60047
0.61264
0.60824
0.59708

AU
0.28352
0.21291
0.19975
0.20069
0.20278



Table 30: CAT activity inG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA )@or
24 h. Representative absorbance (AU) values of whdimin measurement (selected for every 30 s)

and data normalised on total protein contentrfol/min/mg protein). (n=10), (continued).

CAT
24h-B
Control
time AU AU AU AU AU AU AU AU AU AU
0s 0.249984 0.236015 0.328127 0.189747 0.944999 0.526705 51481 0.103817 0.147454 0.26248
30s 0.1434 0.144931 0.267479 0.124783 0.884891 0.39884 18765 0.041044 0.071584 0.16636
60s 0.1278 0.107958 0.261221 0.110829 0.878326 0.449446 ea40 0.003254 0.034201 0.13993
90s 0.1225 0.095192 0.261815 0.109345 0.876684 0.466036 225 0.014785 0.016996 0.13353
120s 0.1319 0.092474 0.262044 0.10956 0.872544 0.461109 246 0.020759 0.00724 0.13065
102.2ug L™
time AU AU AU AU AU AU AU AU AU AU
0s 0.522296 0.38397 0.248703 0.23414 05232 0289814197 28696 0.26924486 0278629182  0.25714
30s 0.510951 0.38595 0.198534 0.18726 0.52341 0222244718 5260292 0.193485563 0.261264094  0.23475
60s 0.473377 0.300228 0.185623 0.16285 0.51321 0.156715849 24618021 0.173053472 0.240855059  0.19025
90s 0.4616 0.29963 0.18431 0.15064 0.51201 0.106401488 137292 0.161487643 0.198077666  0.17877
120s 0.359534 0.29819 0.183574 0.150741 0512 0.100619267 348212 0.132165169 0.182304731  0.17474
153.3ug L™
time AU AU AU AU AU AU AU AU AU AU
0s 0.158624 0.43763 0.295672 0.214039 0.196056 0.21532 a1 0.199429 0.099711 0.3391
30s 0.093619 0.2341 0.225766 0.214832 0.106084 0.145265 8397 0.136172 0.032089 0.2359
60s 0.054431 0.08549 0.214258 0.215311 0.091746 0.102403 58687 0.119574 0.007261 0.23418
90s 0.023783 0.08235 0.213684 0.216409 0.098287 0.079409 1027 0.115876 0.028495 0.23091
120s 0.01946 0.07323 0.212975 0.21806 0.109563 0.067767 3731 0.115107 0.040036 0.20964
204.5pg L™
time AU AU AU AU AU AU AU AU AU AU
0s 0.109651 0.568216 0.308946 0.456586 0.51346 0.385123 21223 0.157861 0.218183 0.39877
30s 0.107902 0.48655 0.254737 0.415276 0.465719 0.311341 64614 0.087421 0.147254 0.28689
60s 0.10576 0.447169 0.245754 0.414603 0.461604 0.31352 B35 0.04772 0.096521 0.30647
90s 0.105092 0.427466 0.244844 0.414191 0.461798 0.30723 92052 0.041237 0.068282 0.3165
120s 0.104304 0.417472 0.245152 0.413845 0.462283 0.30235 78012 0.037428 0.054617 0.32143
255.6pg L™*
time AU AU AU AU AU AU AU AU AU AU
0s 0.37123 0.22215 0.307653 0.72374 0.206582 0.189076 042659 0.434314 0.122743 0.67924
30s 0.2681 0.2231 0.220456 0.708714 0.124566 0.12084 0.172579  0.352311 0.044143 0.60142
60s 0.22319 0.222 0.21035 0.722104 0.100233 0.077435 0.15679 .321108 0.017542 0.60344
90s 0.2241 0.20345 0.20458 0.72614 0.090345 0.055976 0.137805  0.31635 0.011349 0.63454
120s 0.22012 0.1934 0.200134 0.734509 0.08391 0.047281 0.82454  0.31852 0.012736 059756
511.3ug L*
time AU AU AU AU AU AU AU AU AU AU
0s 0.372761 0.257039 0.368594 0.208142 0.207367 0.414632 59263 0.220962 0.290469 0.28352
30s 0.35451 0.170586 0.331384 0.123799 0.152519 0.392458 59735 0.175372 0.284573 0.21291
60s 0.28195 0.124015 0.329843 0.09466 0.142815 0.389164 41 0.148769 0.26527 0.19975
90s 0.27532 0.11173 0321517 0.088608 0.142374 0.39124 012566  0.152347 0.24459 0.20069
120s 0.258321 0.10342 0.302149 0.094649 0.142141 0.396799 30624 0.13256 0.23977 0.20278
Calculated values normalised on protein content
24 h pmol/min mg protein sample  pmol/min/mg prot ~ pmol/min  mg protein sample  pmol/min/mg prot  pmol/min mg protein sample  pmol/min/mg prot
control 3.30 0.14 23.26 3.61 0.17 21.04 2.44 0.14 17.20
102.2pg L™ 1.54 0.07 2112 3.59 0.26 13.71 2.64 0.23 11.42
153.3pg L™ 141 0.07 20.21 5.28 0.25 21.04 7.08 0.25 28.20
204.5pg L™ 161 0.08 20.21 3.33 0.24 14.00 7.51 0.28 27.00
255.6pg L™ 3.00 0.08 39.73 2.86 0.26 10.95 6.83 0.23 29.18
511.3pg L™ 0.42 0.05 78.08 2.56 0.19 13.33 12.19 0.17 7214
control 334 0.14 2358 367 0.14 25.90 2.77 0.17 16.70
102.2ug L™ 1.83 0.05 35.26 3.16 0.12 26.55 / ! /
1533pg L™ 0.69 0.05 1358 3.70 0.16 2356 3.66 0.21 17.20
204.5pg L™ 1.06 0.05 2358 228 0.17 13.56 354 0.18 19.23
255.6pg L™ 3.67 0.03 12356 286 0.27 10.00 457 0.17 27.23
511.3pgL* 253 0.03 78.08 19.09 0.27 71.23 14.28 0.18 78.02
control 2.34 0.16 1430 3.65 0.16 22.30
102.2pg Lt 151 0.16 9.20 3.47 0.29 1213
153.3pg L™ 4.01 0.17 2435 5.46 0.25 22.30
204.5pg L™ 4.09 0.17 2435 4.94 0.25 20.00
255.6pg L™ 3.40 0.14 2361 311 0.12 25.70
511.3pg L™ 2.89 0.27 10.58 5.48 0.12 45.26
control 441 0.16 27.96 468 0.17 28.20
102.2ug L™ 0.75 0.16 465 303 015 20.89
1533pg L™ 4.08 023 17.45 391 0.15 26.81
204.5pg L™ 5.98 021 27.96 247 0.15 16.70
255.6pg L™ 213 0.28 7.60 244 0.14 17.55
511.3pgL* 157 0.27 5.88 3.90 0.14 28.03
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Table 30: CAT activity inG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA )@or

24 h. Representative absorbance (AU) values of whdimin measurement (selected for every 30 s)

and data normalised on total protein contentrfol/min/mg protein). (n=10), (continued).

CAT
24h-C
Control
time
0s
30s
60s
N0s
120s
102.2pg L*
time
0s
30s
60s
N0s
120s
153.3pg L?
time
Os
30s
60s
N0s
120s
204.5pg L
time
0s
30s
60s
N0s
120s
255.6pg L
time
0s
30s
60s
90s
120s
511.3ugL"
time
Os
30s
60s
90s
120s

24 h
control
102.2pg L™
153.3pg L*
2045pg L*
255.6pg L
511.3pg L?
control
102.2pg L
153.3pg L*
204.5pg L™
255.6pg L
511.3ug L*
control
102.2pg L
153.3pg L*
204.5pg L*
255.6pg L
511.3ugL"
control
102.2ng L*
153.3pg L*
204.5pg L
255.6pg L
511.3pg L?

AU
0.417296
0.289438
0.301048
0.307308
0.304934

AU
0.280964
0.168339
0.164014
0.175256
0.177516

AU
0.15435
0.09619

0.056793
0.023569
0.019502

AU
0.104551
0.104402

0.103
0.103092
0.102304

AU
0.695786
0.578729
0.582328
0.588393
0.595026

AU
0.292449
0.158771
0.120821

0.10851
0.093683

Calculated values normalised on protein content

pmol/min
3.30

271
4.53
2.65
2.64
5.21
3.34
2.56
2.64
161
9.19

6.83
2.34

4.41
1.38
3.04
3.54

4.77
44

4.27
4.05
471
7.79
7.69

AU
0.223984
0.113222
0.084728
0.072444
0.071731

AU
0.469795
0.351609
0.378154
0.371781
0.371946

AU
0.43763
0.233
0.08549
0.08435
0.07458

AU
0.21532
0.1456765

0.10456
0.0759
0.0719356

AU
0.190596
0.05812
0.015624
0.016179
0.034017

AU
0.202655
0.088393
0.040104
0.00626
0.020868

AU
0.447792
0.295567
0.382694
0.370074
0.379914

AU
0.300103
0.150794
0.113745
0.124816
0.131744

AU
0.295472
0.24591
0.214958
0.219714
0.210365

AU
0.421714
0.2934498
0.211166

0.2111

0.20333

AU
0.482663
0.352929
0.355879
0.357232
0.347654

AU
0.294565
0.17603
0.141868
0.118905
0.112824

mg protein sample  pmol/min/mg prot

0.14
0.12
0.15
0.26
0.13
0.11
0.14
0.11
0.11
0.12
0.14

011
0.16

0.11
0.11
0.12
0.10

0.11
0.16

0.13
0.15
0.15
0.20
0.10

23.26
2217
30.22
10.23
20.98
46.10
23.58
23.44
23.58
13.45
67.30

61.81
14.30

39.17
12.57
2453
35.79

4433
27.96

32,57
27.56
3245
38.97
74.44

AU AU

0.280212 0.282202
0.16861 0.153354
0.11518 0.151725
0.104115 0.144534

0.100404 0.132029

AU AU

0.406851 0.478454
0.243353 0.318117
0.260187 0.339945
0.254015 0.344779

0.243844 0.333275

AU AU
0.214039 0.195969
0.21662 0.16943
0.215311 0.09946
0.216409 0.09596
0.215936 0.0235

AU AU
0.456586 0.51346
0.415276 0.465719
0.414603 0.461604
0.414191 0.461798
0.413845 0.462283

AU AU

0.231408 0.170252
0.073957 0.05696
0.030101 0.013514
0.008665 0.016508

0.016339 0.032874
AU AU
0.175453 0.500334
0.074383 0.353917
0.028976 0.394518
0.005186 0.397787
0.029738 0.397524

pmol/min  mg protein sample

3.61 0.17
381 0.13
371 0.17
3.37 0.16
8.22 0.10
2.69 0.10
3.67 0.14
3.23 0.14
4.87 0.15
151 0.10
10.01 0.15
4.22 0.13
3.65 0.16
3.68 0.17
3.26 0.17
3.76 0.17
413 0.16
7.49 0.16
4.68 0.17
4.07 0.17
2.76 0.17
5.87 0.17
10.32 0.16
7.27 0.16
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AU
0.308197
0.206356

0.18544
0.154564
0.137677

AU
0.51487
0.381618
0.382504
0.400398
0.391553

AU
0.568216
0.48655
0.447169
0.427466
0.417472

AU
0.099711
0.032089
0.02261
0.021495
0.020035

AU
0.1896986
0.167924
0.156435
0.1545976
0.147281

AU
0.190094
0.093607
0.060739
0.041749
0.028976

pmol/min/mg prot
21.04

29.17
22.50
20.79
85.09
26.40
25.90
23.56
33.56
14.56
69.03

33.71
22.30

2231
19.78
2213
25.34

45.67
28.20

23.40
16.70
35.60
65.34
44.30

AU AU
51481 0.103817
51808 0.041044
D041 0.003654
35023 0.014995
248309 0.020759
AU AU
28609 0.26243884
578187 0.19411345
474625 0.17630525
186981 0.16448088
170026 0.13275557
AU AU
94808 0.199429
0.254737 47011
6245 0.12395
4244 0.115921
(62451  0.115592
AU AU
0239 0.157861
33548 0.087326
0.3341 04767
0.38090 0.0414555
96875 0.038923
AU AU
265®%41 0.434314
Br852 0.352311
56192 0.321198
237815 0.31635
44948 0.31852
AU AU
79048 0.220962
14260 0.175372
03046 0.148769
834 0.152347
97865 0.13256
pmol/min - mg protein sample
244 0.14
4.86 0.15
3.62 0.12
421 0.14
5.03 0.12
8.72 0.14
2.77 0.17
422 0.18
287 0.15
3.56 0.15
4.80 0.12
455 0.12

AU
0.156924
0.091584

0.0458201
0.026396
0.00921

AU
0.278684764
0.26004986
0.24079709
0.1927135
0.18059799

AU
0.385123
0.323971
0.314891
0.30491
0.30855

AU
0.218183
0.147254

0.106521
0.098282
0.084617

AU
0.122743
0.044143
0.017542
0.011349
0.012736

AU
0.290469
0.284563
0.278902
0.265459

0.2567977

pmol/min/mg prot
17.20

31.56
29.45
29.65
41.20
62.30
16.70
23.20
19.23
24.56
40.00
37.89

AU
0.26248
0.18635
0.13993

0.1329

0.1361

AU
0.25894
0.2322
0.19238
0.17532
0.17627

AU
0.23537
0.14493
0.14393
0.14885
0.1279

AU
0.39877
0.29989

0.30047
0.3165
0.31114

AU
0.35025
0.27892
0.24346
0.23166
0.22231

AU
0.28352
0.27603
0.24507
0.20694
0.20659



Table 31: GST activity irG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA Y @or

24 h. Representative absorbance (AU) values of wh®lmin measurement (selected for every min)

and data normalised on total protein content (nnmaih/mg protein). (n=10).

GST
24 h-A
Control
time
1 min
2 min
3min
4 min
5 min
102.2ug L
time
1 min
2 min
3min
4 min
5 min
153.3ug L?
time
1 min
2 min
3min
4 min
5 min
204.5pg L™
time
1 min
2 min
3min
4 min
5 min
255.6pug L
time
1 min
2 min
3min
4 min
5 min
511.3ugL"
time
1 min
2 min
3min
4 min
5 min

24 h
control
102.2ug L?
153.3ug L?
204.5pg L
255.6pug L

511.3ug L?
control
102.2ug L?
153.3ug L !
204.5pg L
255.6pg L
511.3ugL”
control
102.2ug L
153.3pg L?
204.5pg L
255.6pg L
511.3ugL”
control
102.2pg L™
153.3ug L?
204.5pg L™
255.6ug L
511.3ugL"

AU
0.146236
0.215348
0.277997
0.333979
0.384914

AU
0.909622
1.545629
2.144172

2.7892
3.45683

AU
0.590015
0.999548
1.357925
1.696015

2.02275

AU
0.817308
1.355639
1.829354
2.273806
2.895171

AU
0.973248
1.487858
1.850204
2.104055
2.368362

AU
1.122983
1.746232
2.158413

2.35678
2.459443

AU
0.042268
0.092
0.13941
0.179978
0.21773

AU
0.802723
0.933118
1.053127
1.16699
1.275071

AU
1.021672
1.188764

1.34323
1.480263
1.612571

AU
1.056696
1.277275
1.481491
1.666513
1.832829

AU
1.046696
1.191279
1.327096
1.452359
1.574003

AU
0.272581
0.310429
0.346949
0.385358
0.420955

AU
0.118228
0.180029
0.234261
0.279339
0.322515

AU
1176711
1.428991
1.653984
1.859892
2.048848

AU
1.132618
1.289452
1.436688
1573813
1.703852

AU
1.131106
1.313312

1.48226
1.638484
1.785761

AU
0.870266
0.888636
0.906303

0.92442
0.942526

AU
1.107798
1.286498

1.45279
1.608845
1.75555

AU
-0.025388
0.015482
0.054798
0.102651
0.129369

AU
1.074273
1.243378

1.39861
1.546903
1.687243

AU

0.469923
0.769374
1.039295
1.282897
1.503956

AU

0.280531
0.496001
0.693072
0.876962
1.049342

AU

0.140116
0.284721
0.419976
0.546363
0.666827

AU

1.004165
1130215
1.249372
1.363838
1.478732

Calculated values normalised on protein content

pmol/min
0.07

0.12
0.05
0.02
0.05

0.06
0.09

0.05
0.03
0.03
0.04
0.06
0.03
0.02
0.03
0.02
0.03

0.03
0.03

0.04
0.03
0.05
0.04
0.10

mg protein sample

0.08
0.09
0.06
0.07
0.08

0.08
0.08

0.08
0.06
0.08
0.08
0.09
0.07
0.06
0.08
0.08
0.07

0.07
0.08

0.07
0.06
0.09
0.10
0.12

nmol/min/mg prot

833
1410
833
320
650

789
1158

600
458
340
480
635
380
435
380
245
518

466
351

564
551
562
383
795

AU
0.238809
0.32088
0.348072
0.3573
0.457125

AU

0.222303
0.388799
0.541888
0.687614
0.825741

AU

0.366457
0.615384
0.838152
1.001446
1.170568

AU

0.348402
0.566677
0.766985
0.953984
1.129494

AU

0.376066
0.651402
0.901567
1.128708
1.342134

AU
0.115112
0.243017
0.36618
0.48214
0.591267

pmol/min mg protein sample

0.01
0.05
0.04
0.06
0.07

0.05
0.02

0.03
0.04
0.02
0.03

0.02
0.03

0.02
0.04
0.07
0.06

0.12
0.03

0.04
0.02
0.03
0.03
0.02
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0.06
0.07
0.08
0.08
0.08

0.10
0.07

0.08
0.08
0.06
0.05
0.03
0.10
0.07
0.07
0.13
0.09

0.15
0.11

0.07
0.06
0.12
0.08
0.12

AU
0.225794
0.265945
0.387399
0.409343
0.444866

AU
0.460296
0.79716
1.093051
1.357828
1597588

AU
0.124729
0.229973

0.32992
0.423767
0.514482

AU
0.19448
0.35748

0.506428
0.647927
0.779441

AU
0.399981
0.659692
0.897886
1132115
1.346819

AU
0.398807
0.678667
0.926952
1.152651
1.361604

nmol/min/mg prot
157

696
457
734
878

474
261

369
464
359
632
506
313
269
513
504
623

827
258

597
258
302
393
146

AU
268816
0.51301
12042
2856
41642

AU
86862
50873

2800
41188
08787

AU
058228
64438
79641
66828
88663

pmol/min  mg protein sample

0.01
/
0.02
0.07
0.14

0.02
0.03

!
0.01
0.03
0.04

!

AU
0.37774
0.462245
0.518991
0.563051
0.593668

AU
0.44331
0.709702
0.948591
1.166439
1.363909

AU
0.056928
0.220762
0.373464
0.516052
0.650197

AU
0.115823
0.207232
0.293624
0.376172
0.454382

AU
-0.002271
0.130072
0.257808
0.381754
0.501742

AU
0.274961
0.444148
0.601651
0.746919
0.883645

0.06
0.09
0.09
0.12
0.14

0.12
0.08

0.08
0.06
0.11
0.11
0.12

AU
0.256141
0.24998
0.249274
0.362658
0.377037

AU
0.220164
0.381393
0.529834
0.669636
0.801064

AU
0.102605
0.221323
0.332224
0.437991
0.538277

AU
0.359723
0.496969
0.623925
0.743778
0.856411

AU
0.064088
0.132022
0.197218
0.257507

0.31682

AU
0.366106
0.609996
0.835636
1.044832
1.240717

nmol/min/mg prot
156

/
201
621
978

133
324

/
224
234
326

/

AU
0.13408
0.21085
0.33364
0.38016
0.40418

AU
0.14542
0.28287
0.41317
0.53381
0.64913

AU
0.17689
0.19082
0.20525
0.21928
0.23116

AU
0.98658
1.07743
1.16675
1.25782
1.34941

AU
0.37052
0.54618
0.71663
0.87727
1.04344

AU
0.04136
0.09187
0.14179
0.18935
0.23819



Table 31: GST activity irG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA Y @or
24 h. Representative absorbance (AU) values of wh®lmin measurement (selected for every min)

and data normalised on total protein content (nnmaih/mg protein). (n=10), (continued).

GST
24h-B
Control
time AU AU AU AU AU AU AU AU AU AU
1min 0.146236 0.042268 0.118228 -0.025388 0.238809 0.225794 0.268316  .3777@ 0.256141 0.13408
2min 0.215348 0.092 0.180029 0.015482 0.32088 0.265945 0.313015 0316224 0.24998 0.21085
3min 0.277997 0.13941 0.234261 0.054798 0.348072 0.387399 0.42122 905518 0.249274 0.33364
4 min 0.333979 0.179978 0.279339 0.102651 0.3573 0.409343 0.4467295 30856 0.362658 0.38016
5 min 0.384914 0.21773 0.322515 0.129369 0.457125 0.444866 0.424734 366869 0.377037 0.40418
102.2pg L™
time AU AU AU AU AU AU AU AU AU AU
1min 0.246487 0.214286 0.165125 0.1922 0.231688 0.099655 0.205051 60.205 0.16857 0.34794
2min 0.463121 0.412305 0.322555 0.32956 0.40615 0.209559 0.373268 80.356 0.356932 0.47834
3 min 0.65974 0.595308 0.467042 0.478132 0.569532 0.314147 0.531424 536.49 0.46854 0.7792
4 min 0.842501 0.764909 0.594008 0.576049 0.725613 0.416258 0.6795 0.793 0.57891 0.98673
5min 1.011514 0.926191 0.707406 0.723529 0.876813 0.512416 0.836608 8210.9 0.61234 1.05743
153.3ug L™
time AU AU AU AU AU AU AU AU AU AU
1min 0.278601 0.342678 0.411578 0.977062 1.045793 0.209089 0.213854 9060.3 0.164019 0.20859
2min 0.498475 0.593665 0.624214 1.109753 1.184476 0.38398 0.399634 180656 0.297811 0.33613
3min 0.700568 0.818906 0.824877 1.235106 1.312686 0.546653 0.571913 08102 0.418247 0.4597
4 min 0.88758 1.026637 1.008798 1.351356 1.434061 0.698393 0.73199 932130 0.528877 0.57721
5 min 1.06179 1.212562 1.181936 1.460631 1.548873 0.837494 0.881334 408.33 0.62801 0.68869
204.5pg L™*
time AU AU AU AU AU AU AU AU AU AU
1min 0.411578 0.534649 0.409561 1.042248 0.977062 1.132618 0.870266 4278.3 0.4178 0.45982
2min 0.624214 0.828774 0.657076 172172 1.109753 1.289452 0.888636 37059 0.624568 0.75602
3 min 0.824877 1.095027 0.841081 2.405085 1.235106 1.436688 0.906303 28908 0.83987 0.90587
4 min 1.008798 1.338607 1.007319 3.2345 1.351356 1.573813 0.92442 1.1653 1.0088 1.05743
5min 1.181936 1.556883 1.162938 3.65467 1.460631 1.703852 0.942526 43621 1.18128 1.25733
255.6pg L™
time AU AU AU AU AU AU AU AU AU AU
1min 0.163465 0.304731 0.399482 0.072382 0.507572 0.649887 0.539649 789864 0.327894 0.2439
2min 0.301388 0.44971 0.579965 0.182122 0.79617 0.986566 0.923537 48.678 0.468921 0.45689
3min 0.431836 0.576334 0.7453 0.287766 1.057329 1.291838 1.272385 801894 0.68392 0.78943
4 min 0.553647 0.700386 0.897622 0.387947 1.291838 1.567477 1.589471 6733.2 0.789032 0.90458
5min 0.673951 0.845805 1.043112 0.484356 1512174 1.836475 1.871736 6201.5 0.81239 1.0583
511.3pg L™"
time AU AU AU AU AU AU AU AU AU AU
1min 0.219327 0.266947 0.327678 0.350998 0.02081 0.31938 0.459346 96868 0.432442 0.12378
2min 0.433335 0.473167 0.458036 0.515273 0.028369 0.5383 0.643325 40.966 0.618388 0.14482
3 min 0.631108 0.664827 0.581985 0.670777 0.037408 0.743934 0.807949 48582 0.79022 0.1651
4 min 0.814218 0.844545 0.700259 0.815064 0.045741 0.937396 0.965685 47566 0.955609 0.18655
5 min 0.986821 1.014197 0.814241 0.953058 0.056071 1.122665 1.11235 399678 1.129218 0.20771
Calculated values normalised on protein content
24 h pmol/min mg protein sample nmol/min/mg prot  pmol/min  mg protein sample  nmol/min/mg prot  pmol/min mg protein sample nmol/min/mg prot
control 0.07 0.08 833 0.01 0.06 157 0.01 0.06 156
102.2ug L™ 0.04 0.03 1257 0.03 0.11 221 0.01 0.08 222
153.3ug L™ 0.06 0.09 689 0.05 0.11 432 0.04 0.08 501
204.5pg L™ 0.06 0.12 489 0.05 0.15 304 0.05 0.09 587
255.6ug L™ 0.02 0.03 943 0.02 0.12 132 0.05 0.09 542
511.3pg L™ 0.04 0.03 1295 0.13 0.11 1205 0.09 0.09 1023
control 0.09 0.08 1158 0.02 0.07 261 0.03 0.08 324
102.2pg L™ 0.03 0.02 1431 0.02 0.14 164 0.02 0.08 346
153.3ug L™ 0.07 0.06 1231 0.02 0.09 218 0.07 0.13 543
204.5pg L™ 0.03 0.07 403 0.03 0.08 365 0.04 0.11 374
255.6pg L™ / / / 0.01 0.08 184 0.01 0.11 133
511.3pg L™ 0.04 0.03 1038 0.08 0.08 1034 0.08 0.11 689
control 0.03 0.07 380 0.03 0.10 313
102.2pg L™ 0.03 0.13 230 0.03 0.12 217
153.3pg L™ 0.03 0.12 248 0.04 0.08 456
204.5pg L™ 0.05 0.10 509 0.02 0.06 309
255.6pg L™ 0.03 0.13 192 0.03 0.16 180
511.3pg L™ 0.02 0.10 242 0.06 0.12 459
control 0.03 0.08 351 0.03 0.11 258
102.2pg L™ 0.02 0.05 400 0.02 0.08 306
153.3ug L™ 0.05 0.12 456 0.02 0.07 340
204.5pg L™ 0.05 0.10 476 0.01 0.03 202
255.6pg L™ 0.03 0.14 139 0.01 0.05 136
511.3pg L™ 0.03 0.08 349 0.08 0.08 980
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Table 31: GST activity irG. fossarumexposed to IMI (A), Confidor 200SL (B) and 6CNA Y @or

24 h. Representative absorbance (AU) values of wh®lmin measurement (selected for every min)

and data normalised on total protein content (nnmaih/mg protein). (n=10), (continued).

GST
24h-C
Control
time
1 min
2min
3 min
4 min
5 min
102.2pg L™
time
1min
2 min
3min
4 min
5min
153.3pg L™"
time
1min
2 min
3min
4 min
5min
204.5pg L™
time
1 min
2min
3 min
4 min
5 min
255.6pg L™
time
1min
2 min
3min
4 min
5min
511.3ugL™"
time
1 min
2min
3 min
4 min
5min

24 h
control
102.2pg L™
153.3pg L™
204.5pg L™
255.6pg L

511.3pg L™
control

102.2pgL™"
153.3pg L™
204.5pg L™
255.6pg L™
511.3ugL"
control
102.2ug L*
153.3pg L™
204.5pg L™
255.6pg L™
511.3pg L™
control
102.2pg L™
153.3pg L™
204.5pg L™
255.6pg L
511.3pg L™

AU
0.146236
0.215348
0.277997
0.333979
0.384914

AU
0.12955
0.196323
0.252649
0.29972
0.339826

AU
0.4604
0.6432
0.8153
0.9551
1.0785

AU
0.8046
1.0142
1.2352

1.452
16715

AU
1.362637
1.431397
1.500165
1.589687
1.619464

AU
0.252108
0.313766
0.369359
0.415519
0.459547

AU
0.042268
0.092
0.13941
0.179978
0.21773

AU
0.128328
0.200735
0.260363
0.299787
0.363025

AU
0.4584
0.552
0.6526
0.7609
0.9093

AU
0.4861
0.7114
0.9174
1.1393
1.3467

AU
0.143184
0.193688

0.23797
0.27838
0.313766

AU
0.162706
0.204598
0.242534
0.275198
0.307573

AU
0.118228
0.180029
0.234261
0.279339
0.322515

AU
0.149784
0.216454
0.281522
0.332891

0.37819

AU
0.4529
0.6775
0.9255
1.0706
1.1767

AU
0.237564
0.417888
0.523421
0.64742
0.800012

AU
0.133422
0.213913
0.282359
0.343447
0.408222

AU
0.235301
0.330724
0.414906
0.486956
0.552477

AU
-0.025388
0.015482
0.054798
0.102651
0.129369

AU
0.156438
0.227732
0.28501
0.340268
0.384669

AU
0.8663
1.0951
1.3347
1.5821
1.818

AU
0.293934
0.487141
0.623672
0.790631
0.975637

AU
0.167281
0.224842
0.272417
0.31585
0.354798

AU

0.185771
0.253613
0.310934
0.361553
0.419567

Calculated values normalised on protein content

pmol/min
0.07
0.01
0.04
0.05
0.01

0.01
0.09

0.01
0.05
0.04
0.01

0.01
0.03

0.02
0.06
0.05
0.03
0.02
0.03
0.01
0.03
0.04
0.05
0.09

mg protein sample
0.08
0.09
0.08
0.07
0.09

0.06
0.08

0.08
0.07
0.06
0.08

0.07
0.07

013
0.11
0.09
0.13
0.14
0.08
0.08
0.09
0.08
0.10
0.13

nmol/min/mg prot
833
112
523
654
155

156
1158

144
654
702
105

95
380

190
571
504
208
113
351
142
312
502
495
687

pmol/min
0.01
0.05
0.03
0.03
0.04

0.03
0.02

0.01
0.02
0.07
0.03

0.04
0.03

0.09
0.05
0.07
0.05
0.12
0.03
0.09
0.02
0.05
0.05
0.04

AU
0.238809
0.32088
0.348072
0.3573
0.457125

AU

0.340086
0.441932
0.621114
0.837298
1.694785

AU
0.481
0.667

0.8494
1.0103
1.1224

AU
0.1423
0.1499
0.1538
0.1623

0.17

AU
0.705267
0.971772
1.297737
1.509149
1.76466

AU
0.45971
0.665818
0.847307
1.014473
1.170572

myg protein sample
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0.06
0.07
0.07
0.07
0.06

0.07
0.07

0.08
0.09
0.09
0.06

0.06
0.10

0.12
0.10
0.12
0.06
0.08
0.11
0.12
0.09
0.08
0.08
0.06

AU
0.225794
0.265945
0.387399
0.409343
0.444866

AU
0.646463
0.856097

1.02245
1.066789
1.086095

AU
0.792
0.9934
1.1812
1.347
1.4802

AU
0.0924
0.0936
0.0958
0.0969
0.0976

AU
0.517212
0.721539
0.929441
1.151035
1.296845

AU
0.487406
0.708818

0.91868
1.147863
1.384937

nmol/min/mg prot
157
763
382
398
700

454
261

153
255
765
514

626
313

776
502
601
805
1638
258
802
201
573
594
597

AU
268816
0.31301
12042
8446
41642

AU
0.198045
0.349859
0.434303
0.548586
0.693385

AU
0.0802
0.085
0.0891
0.0937
0.0981

AU
84282
61622

33613

41367

01280

AU
68994
20323
41687
60808
85852

AU
0.37774
0.462245
0.518991
0.563051
0.593668

AU
0.447378
0.805987
1.267982
1.509875
2.569846

AU
0.1909
0.2552
0.3208

0.389
0.4573

AU
$.530
0.9098
2.050
1.2966
1.6087

AU
0.615233
0.854004
1.146285
1.45848
1.679468

AU
0.413927
0.572275
0.722131
0.863753
1.446372

pmol/min  mg protein sample

0.01
0.04
0.01
0.01
0.03

0.05
0.03

0.03
0.03
0.04
0.08
0.02

0.06
0.08
0.12
0.03
0.06

0.06
0.08

0.05
0.04
0.08
0.08
0.07

AU
0.256141
0.24998
0.249274
0.362658
0.377037

AU
1.094399
1.072066
1.426711
1.714141
2.112663

AU
426.2
258.3
404D
888.4
5768.

AU
0.4554
0.8349
1.0258

1768
.5041

AU
0.533033
0.744021
0.93774
1.161672
1.375759

AU
0.454748
0.680329
0.829636
1.214336
1.623092

nmol/min/mg prot
156
599
105
346
588

822
324

561
607
456
970
322

AU
0.13408
0.21085
0.33364
0.38016
0.40418

AU
0.48672
0.67022
0.83406
1.06496
1.15584

AU
0.20689
0.33563
0.45678
0.57123

0.6896

AU
0.4582
0.7232
0.9712

1.05892
1.3239

AU
0.69791
1.0215
1.38988
2.08173
2.25647

AU
0.27377
0.29711
0.37389
0.44814
0.45919



Table 32: Absorbance (AU) values for LP measurensein G. fossarum exposed to IMI (A),
Confidor 200SL (B) and 6CNA (C) for 24 h and dateonmalised on total protein content (AU
final), n=10.

LP
24 h -A
AU AU AU AU final AU AU AU AU final
535 nm 600 Nnm 280 nm 535 nm 600 Nnm 280 nm
control 0.065 0.025 0.28 0.14 control 0.0664 0.04 0.24 0.11
control 0.039 0.012 0.287 0.09 control 0.0792 0.06 0.192 0.1
control 0.07164  0.009 0.261 0.24 control 0.15072 0.12 0.192 0.16
control 0.11328 0.08 0.208 0.16 control 0.1266 0.09 0.183 0.2
control 0.04808 0.032 0.201 0.08 control 0.11768 0.09 0.173 0.16
102.2ug L™*  0.03792 0.014 0.184 0.13 102.2ug L™*  0.0164 0.006 0.08 0.13
102.2ug L'  0.0438 0.015 0.18 0.16 102.2ug L™"  0.09496 0.07 0.096 0.26
102.2ug L™*  0.18835 0.02 0.185 0.91 102.2ug L™*  0.1332 0.07 0.08 0.79
102.2ug L™*  0.23571  0.016 0.173 1.27 102.2ug L™"  0.06452 0.05 0.121 0.12
102.2ug L™ 0.07171 0.05 0.167 0.13 102.2ug L™*  0.13058 0.05 0.102 0.79
153.3pg L™ 0.04838 0.011 0.267 0.14 153.3pg L' 0.08936 0.01 0.248 0.32
153.3ug L™*  0.02204 0.008 0.156 0.09 153.3ug L™"  0.0394 0.001 0.384 0.1
153.3pg L™ 0.05309 0.008 0.167 0.27 153.3pug L™*  0.02072  0.002 0.234 0.08
153.3ug L™*  0.07132  0.007 0.201 0.32 153.3ug L™" 0.04972 0.001 0.203 0.24
153.3ug L™  0.09617 0.05 0.243 0.19 153.3ug L™t 0.0403 0.007 0.222 0.15
204.5ug Lt 0.06175 0.014 0.191 0.25 204.5pg L' 0.06192 0.012 0.312 0.16
204.5pg L™t 0.09889 0.003 0.223 0.43 204.5ug LY 0.0628 0.004 0.28 0.21
204.5ug L 0.03163 0.013 0.207 0.09 204.5pg L' 0.00968  0.005 0.234 0.02
204.5pg L™* 0.03338 0.004 0.226 0.13 204.5pg L™*  0.03036 0.006 0.203 0.12
204.5pg L' 0.03616  0.004 0.201 0.16 204.5pug LY 0.12314 0.1 0.178 0.13
255.6pug L 0.046 0.017 0.195 0.15 255.6pug L' 0.06028  0.003 0.179 0.32
255.6ug L™ 0.035 0.011 0.195 0.12 255.6pug LY 0.0404 0.002 0.192 0.2
255.6pug Lt 0.15514 0.07 0.198 0.43 255.6ug L' 0.09654 0.06 0.203 0.18
255.6ug L' 0.12984 0.06 0.194 0.36 255.6pug LY 0.0708 0.03 0.204 0.2
255.6pug L' 0.08328 0.06 0.194 0.12 255.6pug L' 0.03764  0.002 0.297 0.12
511.3ug L™ 0.05136 0.021 0.276 0.11 511.3ug L'  0.0516 0.006 0.24 0.19
511.3pug L™ 0.081 0.015 0.2 0.33 511.3ug L 0.04532 0.011 0.264 0.13
511.3ug L  0.0312 0.004 0.16 0.17 511.3pg L™" 0.03342 0.005 0.203 0.14
511.3ug L" 0.05136 0.021 0.276 0.11 511.3ug L' 0.03842 0.008 0.234 0.13
511.3ug L 0.05053 0.002 0.211 0.23 511.3ug L 0.05195 0.02 0.213 0.15
24 h -B
AU AU AU AU final AU AU AU AU final
535 nm 600 Nnm 280 nm 535 nm 600 Nnm 280 nm
102.2pg L™? 0.021 0.006 0.098 0.15 102.2pug L? 0.01 0.002 0.112 0.07
102.2ug L' 0.0164 0.002 0.18 0.08 102.2ug L™*  0.0796 0.07 0.096 0.1
102.2ug L™*  0.01318 0.001 0.174 0.07 102.2ug L™ 0.017 0.002 0.209 0.07
102.2ug L™*  0.01288 0.001 0.132 0.09 102.2ug L™"  0.05968 0.05 0.121 0.08
102.2ug L™*  0.06503 0.05 0.167 0.09 102.2ug L™  0.008 0.004 0.2 0.02
153.3ug L™*  0.02435 0.011 0.267 0.05 153.3ug L™"  0.008 0.01 0.248 0.08
153.3ug L™  0.0158 0.008 0.156 0.05 153.3pg L™t 0.008 0.001 0.384 0.14
153.3ug L'  0.0247 0.008 0.167 0.1 153.3ug L™"  0.008 0.002 0.234 0.133
153.3pg L™ 0.01102 0.007 0.201 0.02 153.3pg L™t 0.008 0.001 0.203 0.012
153.3ug L™ 0.05729 0.05 0.243 0.03 153.3ug L™*  0.008 0.007 0.222 0.12
204.5ug L 0.01782 0.014 0.191 0.02 204.5pg L' 0.008 0.012 0.312 0.08
204.5pg L' 0.01192  0.003 0.223 0.04 204.5pg LY 0.008 0.004 0.28 0.08
204.5ug L 0.03163 0.013 0.207 0.09 204.5pg L' 0.008 0.005 0.234 0.07
204.5pg L' 0.00852  0.004 0.226 0.02 204.5pg LY 0.008 0.006 0.203 0.02
204.5ug L 0.02812 0.004 0.201 0.12 204.5pg L' 0.008 0.1 0.178 0.09
255.6ug L7 0.013 0.002 0.205 0.5 255.6pg LY 0.013 0.001 0.149 o0.08
255.6ug Lt 0.0227 0.011 0.195 0.06 255.6pg LY 0.011 0.002 0.124 0.08
255.6ug L7 0.047 0.011 0.0472 0.76 255.6pg LY 0.009 0.001 0.11 0.07
255.6ug L 0.01 0.004 0.107 0.05 255.6pg L' 0.009 0.001 0.11 0.72
255.6ug L' 0.0988 0.06 0.194 0.2 255.6pg L' 0.30494  0.002 0.297 1.02
511.3ug L™ 0.021 0.004 0.149 o0.11 511.3ug L'  0.015 0.002 0.151  0.09
511.3pug L™ 0.025 0.004 0.115 0.18 511.3ug L 0.02624 0.011 0.254 0.06
511.3ug L™*  0.0216 0.004 0.16 0.11 511.3ug L  0.0165 0.005 0.23 0.05
511.3pug L™ 0.015 0.002 0.194 0.07 511.3ug L' 0.03572 0.008 0.231 0.12
511.3ug L™ 0.01 0.001 0.147 0.06 511.3ug L' 0.04343 0.02 0.213 0.11
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Table 32: Absorbance (AU) values for LP measurensein G. fossarum exposed to IMI (A),
Confidor 200SL (B) and 6CNA (C) for 24 h and dateonmalised on total protein content (AU

final), n=10, (continued).

LP
24 h-C
AU AU AU AU final AU AU AU AU final
535nm 600 nm 280 nm 535nm 600 nm 280 nm

control 0065 0.025 028 0.14 control 0.0664  0.04 024 011

control 0.039 0012 0.287 0.09 control 00792 006 0192 0.1

control 0.07164 0.009 0261 0.24 control 0.15072 012  0.192 0.16

control 0.11328 0.08  0.208 0.16 control 0.1266 0.09 0.183 0.2

control 0.04808 0.032 0.201 0.08 control 0.11768 0.09  0.173 0.16
102.2pg L™ 0.021  0.006 0.2382 0.06 1022pgL* 002 0002 0.186 0.01
102.2pgL"  0.05001 0.001 0.2883 0.17  102.2uglL™  0.0384 0 0192 0.2
102.2pg L™ 0.0717 0.008 0245 026 1022pglL’  0.014 0001 0.13 0.1
102.2pg L™ 0.0197 0 0197 0.1 102.2pg L 0.004  0.001 0.161 0.01
102.2pg L™ 0.008 0 0.185 0.04  102.2pg L™ / / / /

153.3ug L 000418 0002 0218 001 1533pgL™ 00053 0002 0.165 0.02
153.3ug L 003372 0002 0244 013 1533pgL® 00518 001 0209 0.2
153.3pg L 0001 0001 0212 O 153.3pg L 0.02082 0.003 0198 0.09
153.3ug L 004232 0002 0288 014 1533pgL™ 005 005 0184 0

153.3pg L 0.03743 0 0197 019 1533pglL™ 0.03812 003 0203 0.04
2045pgL" 001611 O 0179 009 2045pgL™* 0.05656 005  0.164 0.04
2045pgL" 000382 0 0191 002 2045pgL* 003107 002  0.123 0.09
2045pg LY 002029 0003 0133 013 2045pgL" 009248 008  0.156 0.08
2045pg LY 002004 0001 0136 0.14 2045pgL" 001972 0001  0.208 0.09
2045pg LY 00157 0002 0137 0.1  2045pgLt 0.00498 0001  0.199 0.02
255.6pgL* 0009 0.001 0208 004 2556pgL” 0.02392 O 0184 0.13
255.6pg LY 0.007 0002 0265 002 2556pglt 00163 0.002 0143 0.1
255.6pg L 0.004 0002 0264 008 2556pglL”  0.005 0 0181 0.03
255.6pg LY 0.007  0.002 0265 001 2556pgLt 003277 003  0.0231 0.12
255.6pg L 00434 002 026 009 2556pgLt  0.002 0 005 0.04
511.3pg L™ 0005 0002 0257 001 511.3pgL™  0.009 0 0.1799 0.05
511.3pg L™ 0004 0001 0239 001 511.3uglL™  0.014 0 021 007
511.3pgL*  0.004 0001 0258 001 511.3pglL” 0 0 0217 0

511.3pg L™ 0.00305 0.001 0205 001 511.3pgL™  0.003 0 026  0.01
511.3pg L 0.006 0 0206 003 511.3pgL"* 0 0 0199 0
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Table 33: Values of AChE, CAT and GST activity ah® measurements is. fossarumexposed to
lower concentrations of IMI/Confidor 200SL (6.3 —151 ug L™) and 6CNA (3.9 — 31.4ig L™) for
24 h. Data are presented as values normalised otaltgrotein content; AChE and CAT

(umol/min/mg protein), GST (hmol/min/mg protein) and® (AU). (n=10).

G. fossarum

n=10
Mean values Raw data
IMI/Confidor 200SL 6CNA
ug L AChE CAT GST LP ug L AChE CAT GST LP
control 71.17 19.06 42710 0.22 3.9 71.68 19.98  413.02 0.22
control 70.82 19.52 422.03  0.18 3.9 71.82 20.74  404.56 0.19
control 70.59 21.05 416.21  0.21 3.9 71.98 2221  403.74 0.20
control 70.96 21.81 41768  0.21 3.9 70.73 20.36  418.50 0.23
control 71.56 22.07 417.87  0.20 3.9 71.34 2235  411.47 0.19
control 71.12 22.59 401.71  0.21 3.9 70.73 20.12  430.45 0.21
control 70.41 20.92 407.89  0.18 3.9 70.86 2247  418.61 0.21
control 71.02 19.14 42168  0.22 3.9 71.78 21.25  401.11 0.22
control 71.51 19.06 421.22  0.20 3.9 70.75 19.64  429.41 0.23
control 71.37 21.25 420.42  0.21 3.9 70.54 20.96  407.59 0.18
DMSO+NMP 71.67 20.15 431.33  0.22 7.8 71.58 22.01  399.10 0.22
DMSO+NMP 71.99 19.71 426.94  0.23 7.8 71.14 21.83  420.90 0.21
DMSO+NMP 70.27 19.70 411.76  0.21 7.8 70.00 21.68  405.41 0.23
DMSO+NMP 68.74 20.65 420.03  0.22 7.8 71.34 21.44  410.68 0.19
DMSO+NMP 68.50 19.25 430.27  0.23 7.8 71.72 19.69  402.85 0.21
DMSO+NMP 70.23 20.78 401.70  0.22 7.8 71.31 22.07 416.86 0.20
DMSO+NMP 70.75 19.38 400.58  0.21 7.8 70.36 21.14  430.15 0.20
DMSO+NMP 70.49 21.63 417.07 0.21 7.8 70.47 21.78  429.14 0.21
6.3 71.90 22.10 403.48  0.18 7.8 70.36 19.33  414.66 0.22
6.3 71.92 22.33 420.24  0.18 7.8 71.14 21.14  419.08 0.21
6.3 70.09 21.72 410.12 0.19 15.7 70.92 19.60  416.28 0.23
6.3 70.06 21.77 403.10 0.19 157 70.28 21.30 428.16 0.23
6.3 71.71 20.17 409.34 0.19 157 71.17 21.48  407.42 0.21
6.3 70.70 19.93 403.79 0.19 157 71.32 20.26  416.09 0.23
6.3 70.43 21.23 406.35 0.20 15.7 71.24 22.05 419.91 0.22
6.3 70.10 21.88 407.96 0.23 157 70.78 21.23  411.91 0.22
6.3 70.22 20.39 40238 0.19 157 71.59 21.45  416.39 0.20
6.3 70.79 21.62 413.96 0.18 15.7 70.80 2221  409.72 0.22
12.7 70.61 19.22 405.72 021 15.7 71.64 19.86  401.17 0.21
12.7 71.03 20.36 399.98 0.21 157 71.52 20.76  422.52 0.19
12.7 70.15 20.37 42508 0.18 31.4 71.10 21.65 398.82 0.19
12.7 71.90 21.78 426.87 022 314 70.64 21.99 42253 0.23
12.7 70.91 22.87 41212 0.18 31.4 70.90 21.36  418.10 0.22
12.7 71.21 22.06 42585 0.20 31.4 70.79 22.83  413.89 0.20
12.7 71.74 22.45 429.09 020 314 71.05 21.15  411.08 0.18
12.7 70.95 21.73 42749 020 314 71.40 20.77  406.40 0.22
12.7 71.00 20.76 423.08 0.18 31.4 70.94 21.48  406.65 0.23
12.7 71.03 19.11 416.61 0.23 314 71.19 2291  410.36 0.19
255 71.38 22.50 404.97 0.18 314 70.01 19.89  399.44 0.23
25.5 70.13 19.16 41094 0.18 31.4 71.50 2158  410.95 0.22
25.5 71.45 19.44 416.23  0.22
255 71.64 21.09 407.85  0.21
25.5 70.58 21.02 399.60 0.22
25.5 71.48 21.39 411.15  0.22
255 71.77 19.23 398.98 0.22
255 70.67 19.76 430.80 0.19
25.5 70.84 20.78 42369 0.21
25.5 71.96 19.80 41225  0.18
51.1 70.62 20.44 427.62  0.21
51.1 70.26 22.42 426.68  0.18
51.1 70.70 20.42 413.06 0.19
51.1 70.29 21.83 41438  0.22
51.1 70.76 22.08 41435  0.19
51.1 71.19 20.49 400.77  0.23
51.1 71.15 22.17 418.82 0.22
51.1 71.63 19.29 41575  0.18
51.1 70.88 21.92 401.69  0.19
51.1 71.09 20.90 401.68  0.21
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Table 34: Fluorescence (FU) values for MXR activitpeasurements irG. fossarum exposed to
IMI/Confidor 200SL (0.7 and 7.6 mg &) or 6CNA (0.4 and 4.7 mg't) and copper (0.75, 3 and 10

ug L™ for 24 h and data normalised on total animal’s igét (n=3).

MXR
|
Chemical (mg) FU FU FU Mean FU Weight (mg) FU/mg

control 5859 5938 5985 5927.33 26 227.974
control 9231 9077 8757 9021.67 23 392.246
control 6299 6762 6620 6560.33 26 252.321
control 4607 4846 4826 4759.67 35 135.99
control 5569 5392 5694 5551.67 27 205.617
CcycC 18099 17825 18057 17993.67 35 514.105
CcycC 14241 15206 14453 14633.33 23 636.232
CcycC 9457 10253 10524 10078.00 18 559.889
CcyYcC 6714 6960 6846 6840.00 16 427.5
CcycC 11235 12231 11266 11577.33 21 551.302
VER 7025 6429 7056 6836.67 14 488.333
VER 6916 6946 6955 6939.00 26 266.885
VER 11431 11193 12274 11632.67 20 581.633
VER 6384 6267 6304 6318.33 5 1263.67
VER 7254 7159 7043 7152.00 13 550.154
IMI 0.7 4846 4775 5012 4877.67 25 195.107
IMI 0.7 4256 3896 4091 4081.00 25 163.24
IMI 0.7 5748 6579 7083 6470.00 17 380.588
IMI 0.7 8567 8041 7973 8193.67 21 390.175
IMI 0.7 6360 5969 5975 6101.33 22 277.333
IMI 7.6 4510 4148 4496 4384.67 21 208.794
IMI 7.6 8431 8709 8115 8418.33 34 247.598
IMI 7.6 8436 8423 8201 8353.33 36 232.037
IMI 7.6 7531 7461 7574 7522.00 24 313.417
IMI 7.6 5174 4638 5072 4961.33 23 215.71
CONFIDOR 0.7 4846 4775 5012 4877.67 31 157.344
CONFIDOR 0.7 4256 3896 4091 4081.00 41 99.5366
CONFIDOR 0.7 5748 6579 7083 6470.00 32 202.188
CONFIDOR 0.7 8567 8041 7973 8193.67 23 356.246
CONFIDOR 0.7 6360 5969 5975 6101.33 32 190.667
CONFIDOR 7.6 7849 8797 8108 8251.33 17 485.373
CONFIDOR 7.6 13280 13531 12829 13213.33 42 314.603
CONFIDOR 7.6 10997 11237 11196 11143.33 38 293.246
CONFIDOR 7.6 9958 10005 10282 10081.67 41 245.894
CONFIDOR 7.6 4333 7676 7415 6474.67 34 190.431
6CNA 0.4 18099 17825 18057 17993.67 22 817.894
6CNA 0.4 14241 15206 14453 14633.33 36 406.481
6CNA 0.4 9457 10253 10524 10078.00 23 438.174
6CNA 0.4 6714 6960 6846 6840.00 28 244.286
6CNA 0.4 11235 12231 11266 11577.33 14 826.952
6CNA 4.7 7025 6429 7056 6836.67 35 195.333
6CNA 4.7 6916 6946 6955 6939.00 26 266.885
6CNA 4.7 11431 11193 12274 11632.67 36 323.13
6CNA 4.7 6384 6267 6304 6318.33 28 225.655
6CNA 4.7 7254 7159 7043 7152.00 21 340.571
Cu3pglL™ 7398 7606 7601 7535.00 38 198.289
Cu3pglL™ 10354 9455 9452 9753.67 35 278.676
Cu3pglL™ 9202 9305 9769 9425.33 33 285.616
Cu3pglL™ 8443 7696 12535 9558.00 41 233.122
Cu3pglL™ 6007 5404 7343 6251.33 20 312.567
Cu lOpg L™ 4510 4148 4496 4384.67 41 106.943
CuilOpg L™ 8431 8709 8115 8418.33 23 366.014
CulO0opg L™ 8436 8423 8201 8353.33 35 238.667
Cu lOpg L™ 7531 7461 7574 7522.00 32 235.063
Cu l0pg L™ 5174 4638 5072 4961.33 23 215.71
IMI 0.7 + Cu3pug L™ 7503 6372 7149 7008.00 32 219
IMIO.7 + Cu3pug L™ 11172 10955 11097 11074.67 23 481.507
IMIO.7 + Cu3pug L™ 2824 10313 8460 7199.00 36 199.972
IMI 0.7 + Cu3pug L™ 9635 10147 10409 10063.67 25 402.547
IMI 0.7 + Cu3pug L™ 7263 7466 7707 7478.67 23 325.159
IMI 0.7 + Cu 10 ug L™ 8773 8864 9420 9019.00 28 322.107
IMI 0.7 + Cu 10 ng Lt 11518 11849 17280 13549.00 20 677.45
IMI 0.7 + Cu 10 ug L™ 13028 12474 20861 15454.33 32 482.948
IMI 0.7 + Cu 10 ug L™ 9671 10437 10533 10213.67 27 378.284
IMI 0.7 + Cu 10 ug L™ 7975 8231 8486 8230.67 25 329.227
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Table 34: Fluorescence (FU) values for MXR activitpeasurements irG. fossarum exposed to
IMI/Confidor 200SL (0.7 and 7.6 mg &) or 6CNA (0.4 and 4.6 mg't) and copper (0.75, 3 and 10

ug L™ for 24 h and data normalised on total animal’s igét (n=3), (continued).

MXR
1l
Chemical (mg) FU FU FU Mean FU Weight (mg) FU/mg

control 7542 7597 7530 7556.33 35 215.895
control 7811 7439 7413 7554.33 29 260.494
control 10523 10553 12116 11064.00 35 316.114
control 10934 10958 11261 11051.00 26 425.038
control 5955 5825 6577 6119.00 27 226.63

CYC 16693 15812 12700 15068.33 26 579.551
CYC 13912 12901 12726 13179.67 27 488.136
CYC 14576 14988 14940 14834.67 34 436.314
CcYC 7085 6563 7076 6908.00 33 209.333
CYC 12863 12024 11792 12226.33 18 679.241
VER 7076 7260 7659 7331.67 14 523.69

VER 6788 6610 7068 6822.00 26 262.385
VER 11669 12000 12035 11901.33 20 595.067
VER 9675 9610 9843 9709.33 14 693.524
VER 14049 14954 14574 14525.67 13 1117.36
IMI 0.7 4505 4410 4318 4411.00 15 294.067
IM1 0.7 5121 4986 5256 5121.00 27 189.667
IMI1 0.7 8424 8863 8479 8588.67 34 252.608
IM1 0.7 6070 5386 6695 6050.33 18 336.13

IMI 0.7 4679 4574 4704 4652.33 20 232.617
IMI 7.6 7088 6047 4479 5871.33 33 177.919
IMI 7.6 6823 7579 5702 6701.33 35 191.467
IMI 7.6 8402 8049 6417 7622.67 25 304.907
IMI 7.6 5574 5329 4885 5262.67 20 263.133
IMI 7.6 5391 5478 5299 5389.33 20 269.467
CONFIDOR 0.7 8112 8068 7985 8055.00 23 350.217
CONFIDOR 0.7 5646 5464 5663 5591.00 17 328.882
CONFIDOR 0.7 6759 9084 9971 8604.67 24 358.528
CONFIDOR 0.7 9726 9879 9838 9814.33 32 306.698
CONFIDOR 0.7 5302 5172 5134 5202.67 37 140.613
CONFIDOR 7.6 10063 10201 10871 10378.33 30 345.944
CONFIDOR 7.6 5512 5184 5261 5319.00 17 312.882
CONFIDOR 7.6 5387 5088 5133 5202.67 20 260.133
CONFIDOR 7.6 6691 6351 6313 6451.67 35 184.333
CONFIDOR 7.6 4140 4349 4737 4408.67 14 314.905
6CNA 0.4 4810 4558 4975 4781.00 17 281.235
6CNA 0.4 6150 6382 6300 6277.33 18 348.741
6CNA 0.4 8319 7656 8049 8008.00 31 258.323
6CNA 0.4 6921 6951 7221 7031.00 17 413.588
6CNA 4.7 6104 5324 4649 5359.00 32 167.469
6CNA 4.7 7530 7072 8045 7549.00 34 222.029
6CNA 4.7 5004 4707 3894 4535.00 12 377.917
6CNA 4.7 4664 5489 6359 5504.00 19 289.684
Cu0.75pg L* 7398 7606 7601 7535.00 25 3014

Cu 0.75pg L™ 10354 9455 9452 9753.67 36 270.935
Cu0.75pg L* 9202 9305 9769 9425.33 26 362.513
Cu 0.75pg L™ 8443 7696 12535 9558.00 26 367.615
Cu0.75pg L* 6007 5404 7343 6251.33 25 250.053
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Table 34: Fluorescence (FU) values for MXR activitmeasurments inG. fossarum exposed to
IMI/Confidor 200SL (0.7 and 7.6 mg &) or 6CNA (0.4 and 4.6 mg't) and copper (0.75, 3 and 10

ug L™ for 24 h and data normalised on total animal’s igét (n=3), (continued).

MXR
I
Chemical (mg) FU FU FU Mean FU Weight (mg) FU/mg

IMI 0.7 + Cu 0.75pg L™ 10051 8614 10440 9701.667 15 646.778
IMI 0.7 + Cu 0.75pg L™ 7857 8271 8206 8111.333 22 368.697
IMI 0.7 + Cu 0.75pg L™ 6847 6757 6331 6645 20 332.25

IMI 0.7 + Cu 0.75pg L™ 8406 7333 8252 7997 25 319.88

IMI 0.7 + Cu 0.75pg L™ 3930 3979 3979 3962.667 12 330.222
IMI 0.7+ Cu3pgL™ 21065 19993 21218  20758.67 20 1037.93
IMI 0.7 + Cu3pg L™ 9321 9275 9565 9387 16 586.688
IMI 0.7+ Cu3pgL™ 8579 8316 8632 8509 20 425.45

IMI 0.7 + Cu3pg L™ 10373 10078 10170 10207 41 248.951
IMI 0.7+ Cu3pgL™ 8670 8919 8359 8649.333 24 360.389
IMI0.7 + CulOpg L™ 9885 9791 11097  10257.67 37 277.234
IMI 0.7 + Cu10pg L™ 10076 9314 10202 9864 29 340.138
IMI 0.7 + Cu10pg L™ 8807 8501 9295 8867.667 30 295.589
IMI 0.7 + Cu10pg L™ 7670 7291 6490 7150.333 20 357.517
IMI 0.7 + Cu10pg L™ 6528 6289 6511 6442.667 19 339.088
6CNA 0.4+ Cu0.75ug L™ 10413 10402 10590 10468.33 23 455.145
6CNA 0.4+ Cu0.75ug L™ 11331 11737 12093  11720.33 20 586.017
6CNA 0.4+ Cu0.75ug L™ 13490 12953 13089  13177.33 28 470.619
6CNA 0.4+ Cu0.75ug L™ 9252 8759 5609 7873.333 20 393.667
6CNA 0.4 + Cu 0.75g L™ 8339 8645 7021 8001.667 20 400.083
6CNA 0.4 + Cu 3ug L™ 8458 8406 9406 8756.667 22 398.03

6CNA 0.4 + Cu 3ug L™ 8373 8723 8281 8459 18 469.944
6CNA 0.4 + Cu 3ug L™ 9574 10189 9842 9868.333 27 365.494
6CNA 0.4 + Cu 3ug L™ 11020 10484 10382 10628.67 28 379.595
6CNA 0.4 + Cu 3ug L™ 9554 9708 9150 9470.667 20 473.533
6CNA 0.4 + Cu 10ug L™ 8436 7834 7652 7974 33 241.636
6CNA 0.4 + Cu 10ug L™ 9205 9023 8953 9060.333 23 393.928
6CNA 0.4 + Cu 10ug L™ 11432 10897 10871 11066.67 13 851.282
6CNA 0.4 + Cu 10pg L™ 9223 9143 9369 9245 14 660.357

6CNA 0.4 + Cu 10pg L™ 6897 6970 7162 7009.667 16 438.104
Cu3pglL? 5008 4555 4856  4806.333 18 267.019
Cu3pglL? 5883 6261 6644 6262.667 22 284.667
Cu3pglL™ 6719 6524 6687 6643.333 18 369.074
Cu3pglL™ 15341 14956 15695  15330.67 30 511.022
Cu3pglL™ 8124 7732 4547 6801 23 295.696
CulOopglL™ 7527 7397 8179 7701 28 275.036
CulOpglL™ 10841 10541 11875  11085.67 36 307.935
CulOpg L™ 5185 5168 5755 5369.333 15 357.956
CulOpg L™ 5156 4608 4653  4805.667 13 369.667
CulOpg L™ 13806 13428 16417  14550.33 14 1039.31
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Table 34: Fluorescence (FU) values for MXR activitmeasurments inG. fossarum exposed to

IMI/Confidor 200SL (0.7 and 7.6 mg &) or 6CNA (0.4 and 4.6 mg't) and copper (0.75, 3 and 10

ug L™ for 24 h and data normalised on total animal’s igét (n=3), (continued).

MXR
1
Chemical (mg)

control
control
control
control
control
Cyc
Cyc
Cyc
Cyc
Cyc
VER
VER
VER
VER
VER
IMI 0.7
IMI 0.7
IMI 0.7
IMI 0.7
IMI 0.7
IMI 7.6
IMI 7.6
IMI 7.6
IMI 7.6
IMI 7.6
CONFIDOR 0.7
CONFIDOR 0.7
CONFIDOR 0.7
CONFIDOR 0.7
CONFIDOR 0.7
CONFIDOR 7.6
CONFIDOR 7.6
CONFIDOR 7.6
CONFIDOR 7.6
CONFIDOR 7.6
6CNA 0.4
6CNA 0.4
6CNA 0.4
6CNA 0.4

6CNA 0.4
6CNA 4.7
6CNA 4.7
6CNA 4.7
6CNA 4.7
6CNA 4.7

Cu0.75pg L™
Cu0.75pg L
Cu0.75pg L™
Cu0.75pg L
Cu0.75pg L™

Mean FU
4875.0
6304.0
5179.0
4949.0
5691.0
5681.0
4973.0
7842.0
6995.0
11071.0
5797.0
5630.0
6675.0
6396.0
7013.0
6369.0
4690.0
5864.0
5245.0
6156.0
10862.0
7065.0
4847.0
7147.0
7047.0
6446.0
8348.0
6560.0
6904.0
7216.0
7117.0
5592.0
8788.0
5457.0
6925.0
5324.0
10703.0
9669.0
5027.0

6201.0
9332.0
6644.0
8014.0
7262.0
6903.0

12718.0
8523.0
12161.0
7835.0
7032.0

Weight (mg)
38
25
22
28
26
32
18
28
27
22
24
20
19
18
20
32
22
24
24
23
27
17
22
26
24
24
25
29
27
25
31
24
27
28
30
19
10
20
12

11
18
25
21
24
23

28
31
29
24
28

FU/mg
128.2894737
252.16
235.4090909
176.75
218.8846154
177.53125
276.2777778
280.0714286
259.0740741
503.2272727
241.5416667
281.5
351.3157895
355.3333333
350.65
199.03125
213.1818182
244.3333333
218.5416667
267.6521739
402.2962963
415.5882353
220.3181818
274.8846154
293.625
268.5833333
333.92
226.2068966
255.7037037
288.64
229.5806452
233
325.4814815
194.8928571
230.8333333
280.2105263
1070.3
483.45
418.9166667

563.7272727
518.4444444
265.76
381.6190476
302.5833333
300.1304348

454.2142857
274.9354839
419.3448276
326.4583333
251.1428571

182

Chemical (mg)
IMI 0.7 + Cu 0.75pg L™
IMI 0.7 + Cu 0.75pg L™
IMI0.7 + Cu 0.75pg L™
IMI0.7 + Cu0.75pg L™
IMI0.7 + Cu0.75pg L™
IMI0.7 +Cu3pg L™
IMI0.7 +Cu3pg L™
IMI0.7+Cu3pgL™?
IMI0.7+Cu3pgL™”
IMI0.7+ Cu3pgL?
IMI 0.7 + Cu10pg L™
IMI 0.7 + Cu10pg L™
IMI0.7 + Cul0pg L™
IMI0.7 + Cul10pg L™
IMI0.7 + Cul0pg L
6CNA 0.4+ Cu 0.751g L™
6CNA 0.4+ Cu 0.751g L™
6CNA 0.4 + Cu 0.75ug L™
6CNA 0.4 + Cu 0.75ug L™
6CNA 0.4 + Cu 0.75ug L™
BCNA 0.4 + Cu 3pg L™
BCNA 0.4 + Cu 3pg L™
6CNA 0.4+ Cu 3pg L
6CNA 0.4 + Cu 3pg L
6CNA 0.4 + Cu 3pg L™
6CNA 0.4+ Cu 10ug L™
6CNA 0.4+ Cu 10ug L™
6CNA 0.4 + Cu 10pg L™
6CNA 0.4 + Cu 10ug L*?
6CNA 0.4 + Cu 10ug L*?
Cu3pglL?
Cu3pglL?
Cu3pglL?
Cu3pglL?
Cu3pglL?
CulopglL™
CulopgL*
CulopglL™
CulopglL™
CulopglL™

Mean FU

6217.0
16866.0
9881.0
7666.0
8779.0
7144.0
7157.0
7260.0
9489.0
8136.0
6534.0
8166.0
8764.0
28904.0
20856.0
9329.0
11024.0
8096.0
7295.0
7888.0
5441.0
9423.0
6262.0
8585.0
8123.0
10058.0
15211.0
10811.0
13534.0
8184.0
8236.0
10337.0
8688.0
5985.0
8148.0
12155.0
12386.0
9319.0
9104.0
6193.0

Weight (mg)
27
27
31
30
30
23
24
34
24
23
23
26
28
34
20
24
25
15
15
22
17
19
11
15
27
34
32
30
26
16
27
19
26
18
23
27
27
23
26
30

FU/mg
230.259
624.667
318.742
255.533
292.633
310.609
298.208
213.529
395.375
353.739
284.087
314.077

313
850.118

1042.8
388.708

440.96
539.733
486.333
358.545
320.059
495.947
569.273
572.333
300.852
295.824
475.344
360.367
520.538

511.5
305.037
544.053
334.154

3325
354.261
450.185
458.741
405.174
350.154
206.433
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