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ABSTRACT

The objective of this project was to gain inforration toxicokinetic behaviour ard vivo genotoxicity of
alternariol (AOH) in NMRI mice. Therefore, commealty available AOH was purified using a preparative
HPLC-method. Initial dose-range finding proved A@ibe nontoxic after single or repeated oral apfitiey of

up to 2000 mg/kg (limit dose). Subsequently,iarvivo oral toxicokinetic study (OECD guideline 417) was
performed with 200 and 1000 mg/kg radiolabelled AQHie study revealed low systemic absorption, with
about 90 % of the total dose excreted via faecdsugrto 9 % via urine. Blood levels did not exc@@6 % of
the administered dose during the first 24 h afteniaistration. Thus, target organ toxicity would shéikely be
restricted to the gastrointestinal tract. Metabwolisf AOH was then investigated in a toxicokinetiody with
non-radiolabelled AOH. Three dosage schemes werd:u200 and 2000 mg/kg (single dose) and
3 x 2000 mg/kg (0, 24 and 45 h). Whole blood (LC/MS analysis) and urine (GC-MS in SIM mode) were
analysed for AOH and its hydroxy-metabolites. Fometabolites (8-hydroxy-AOH, 4-hydroxy-AOH,
10-hydroxy-AOH, 2-hydroxy-AOH) were detected and Was confirmed by NMR and mass spectrometry.
Results also pointed to low systemic absorption,nean blood levels (0.5 uM AOH, 3 h after the lafsthree
applications) was considered sufficient to justiigrformance of a combined bone marrow micronuctess
(OECD 474) andn vivo alkaline comet assay (stomach, gut, liver). Thaef3 x 2000 mg/kg AOH were
applied in corn ail (at 0, 24, and 45 h) and ansmakre sacrificed 48 h after the first applicatidime
micronucleus assay revealed no toxic or genotdféceof AOH in bone marrow and the comet assay \Wier
tissue also did not indicate systemic genotoxigicit
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SUMMARY

During the course of the study it became clear thdficient amounts of AOH would not be
commercially available to conduct the study in rassinitially planned. Thus, it was agreed with
EFSA to perform the study in NMRI mice, which rewgui less AOH.

AOH was chemically synthesized by J. Podlech (Kah&) and subsequently purified by liquid
chromatography at Fraunhofer ITEM resulting in A@#aterial with a'H NMR-purity of 93.4 %
(>98 % HPLC). According to thtH NMR quantification the 3.4 g lot contained 93.9% % AOH
and 1.3 £ 0.06 % ethyl acetate. All the rest caasisostly of water, which corresponds to an HPLC
purity of > 98 %.

A combined dose-range finding for the radiolabeli@xicokinetic study and the micronucleus test
vivo was done as first step. Male and female NMRI nfiee/1f per dose), which were approximately
8 -9 weeks old, were treated orally with increasioges of AOH (50, 100, 300, 1000 and 2000 mg/kg
body weight (BW)). Over an observation period oé aveek the study subjects were monitored daily
for clinical signs and their body weights were mreleal. No effect of the administration of AOH on the
general health status was observed during the Gdsgrvation period, at any dose. The limit dose of
2000 mg/kg was then repeatedly applied at 0, 244&nkl to one male and one female mouse. Again,
no treatment-related effects were observed.

Those initial experiments were followed by a tokioetic study according to OECD guideline 417
using radioactive AOH. Synthesis of [carbof@] AOH was done at Quotient Bioresearch (Cardiff,
UK). Briefly, a total of 16 male NMRI mice were treatedth 1000 mg/kg BW (high dose) or
200 mg/kg BW (low dose) at 1.6 MBg/animal radiolémk 6-‘C-AOH by oral gavage (single dose).
Radioactivity was then periodically measured inrete over a time period of 168 h using 24 h
sampling intervals. After sacrifice of the studyomcts (after 24 h and after 7 days) selecteddissu
were analysed for radioactivity. The fairly highdi@activity values detected in faeces revealed that
the systemic absorption of AOH in mice after ormage is rather low. Faecal excretion accounted for
84.5 £ 6.4 % in the high dose group whereas 9GL.B826 were recovered in the faeces in the low dose
group. In the urine excreted over a time periodrad week after administration, a total of 5 to 10®%
the administered dose was detected. The mean vakres9.3 + 3 % and 5.7 = 0.7 % in the high and
the low dose group, respectively. Blood radioattivevels were measured at 2, 6 and 24 h after
administration. During this sampling period theatatadioactivity recovered in blood did not exceed
0.06 % of the dose applied. Only trace amounts veetected in exhaled air, the levels being
0.05 £ 0.01 % and 0.03 £ 0.01 % in the high anddiedose group, respectively. Tissue distribution
studies confirmed that the absorption of AOH afbeal gavage was low. Tissues analysed for
radioactivity included heart, lung, liver, spleetpmach, small intestine, large intestine, muscle,
kidneys, testes, renal fat, brain and bone. As @ergethe highest radioactivity levels were deteated
the gastrointestinal tract 24 h after oral appi@atHowever, in all organs and tissues (includimg
gastrointestinal (Gl) tract) investigated 24 h afipplication, the radioactivity levels accounted f
less than 1 % of the applied dose and this fraatieclined to less than 0.01 % at day 7. It was
therefore concluded that the main proportion oflpr@administered AOH is most likely excreted via
faeces without being absorbed. Hence, whole bloudl &ine were selected as compartments of
choice to investigate the toxicokinetics and meliaboof AOH in the scope of a non-radioactive
study in NMRI mice. A non-radioactive toxicokinetstudy was done on 18 male and 18 female
NMRI mice to address the kinetics and metabolistAOH. Seventeen male and 17 female mice were
dosed with 200 mg/kg BW and blood samples werentalteer 0.5, 1, 2, 3, 4, 5, 6, 24 and 48 h for the
determination of AOH blood levels. Five male antefhale mice were housed in metabolism cages
after applications, where urine was collected farh7and subsequently analysed for AOH and its
potential metabolites.
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In addition, the whole blood of five animals frohetcombined genotoxicity study was analysed for
AOH metabolites. These animals received three titmedimit dose of 2000 mg/kg at 0, 24 and 45 h
and were sacrificed 48 h after the first applicatibue to the high lipophilicity of AOH, intravensu
application was impossible. Unlike initially plartheo enable the calculation of oral bioavailapjlit
an intravenous treatment group could not be includéhe study.

For the quantification of AOH in mice whole bloodL&-MS/MS analytical method using matrix
matched standards and 7-Hydroxy-4-phenylcoumariteC) as internal standard was developed.
Furthermore, a GC-MS analytical method using matnwatched standards and 6,7-
Dihydroxycoumarin (DHC) as internal standard wasedlgped and applied for the quantification of
AOH in mice urine. The oxidative metabolism of AOkas mimicked by rat liver microsomal
incubations. In this incubation batch four oxidatimetabolites of AOH, namely 8-hydroxy-AOH
(O1), 4-hydroxy-AOH (02), 10-hydroxy-AOH (03) andhfdroxy-AOH (0O4) were detected and
their ID confirmed by*H NMR spectroscopy and mass spectrometry. ffhisvo incubation proved
useful as it assisted the unambiguously deternainaf those four metabolites in mice urine. Thaltot
urinary excretion of AOH and these four metaboldesing the 72 h collection period accounted for
0.1 to 0.6 % of the administered dose (200 mg/kg) BWtis is in contrast with the results obtained
with radiolabelled AOH, which suggested that 9 %haf applied (radioactive) dose were excreted via
urine. A plausible explanation for this discreparmmuld be that other metabolites or breakdown
products contributed to the radioactivity recoveiredrine.

In the non-radioactive study the AOH blood leveksrevin the two-digit ng/mL range during the first
3 to 6 hours after AOH administration of 200 mgB¥y. C,,..x levels were comparable between males
and females accounting for 66.2 and 90.2 ng/mleetbgely. T,.x Was reached after 2 h in males and
after 0.5 h in females. The time course of AOH Hlamncentrations suggested a slightly faster
clearance in males with a half-life (t%2) of 1 h {ghthe blood half-life was 9 h in females. ThreetAO
metabolites were found in blood, namely 4-hydrox@H 10-hydroxy-AOH and 2-hydroxy-AOH.
Since the study had to be performed in mice, omglkvolumes of blood and urine were available for
analysis. The search for phase Il metabolites Wwas beyond the scope of this study. However, we
hypothesize that phase Il metabolites, e.g. gluadeoand/or sulphate conjugates, are formed and
excreted via urine. This would also explain thdedént results observed for urinary excretion i@ th
radioactive and the non-radioactive study.

Thein vivo alkaline comet assay had to be adapted to mioglescell isolation from liver, stomach,
and gut of male NMRI mice as well as an appropriasitive control with respective dose and
treatment schedule had to be established. Therefgree-study was performed with six negative and
six positive control animals. In the negative cohémimals the highest mean (of the medians, 2slid
per animal, 50 cells per slide) tail intensities) (Were observed for gut (8.7 £ 2.19 %), followed b
stomach (2.0 = 0.87 %), blood (0.1 + 0.03 %), amdrl(0.1 £ 0.02 %). EMS was demonstrated to
significantly induce mean TI in blood, liver, stocha and gut, when applied in a dose of 300 mg/kg
4 h before sacrifice. The highest effects were oleskin gut (mean TI: 21.5 = 4.39 %), followed by
stomach (mean TI: 6.1 = 0.29 %), blood (mean T:80.78 %), and liver (mean TI: 3.0 + 0.45 %),
indicating highest effects in the tissues of feentact after oral application. After this pre-stud
respective  GLP-compliant standard operating proeedi®OP) was issued including scraping,
followed by mincing of the tissues for single ciblation and considering the EFSA “Minimum
criteria for the acceptance iofvivo alkaline comet assay reports”.

To investigate the possible genotoxic potential ADH in vivo, a mammalian erythrocyte
micronucleus test was performed (according to OE@Qleline No. 474) with bone marrow of male
NMRI mice, in combination with am vivo alkaline comet assay with significantly exposes$ues
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(stomach, gut) and a systemic organ (liver). A tlibeist design was chosen, using an application
scheme of 3 x 2000 mg/kg AOH (in corn oil) at tipeints 0, 24, and 45 h with sacrifice of the
animals 48 h after the first application. This agation scheme resulted in mean blood concentration
of about 0.5 uM AOH 3 h after the last applicatias,determined for five animals in the scope of the
toxicokinetic study. The micronucleus test was damecompliance with the Principles of Good
Laboratory Practice (GLP). The test item AOH thgrdid not induce treatment-related mortality or
significant signs of acute toxicity in male NMRIeBi There was, however, slight reduction in mean
body weight between the first and last day of ayaion for both corn oil and AOH-treated animals in
the micronucleus test, amounting to -0.54 + 1.232gl -1.04 + 1.100 g, respectively. These
reductions in body weight were not statisticallygnificant. In contrast to those finding,
cyclophosphamide monohydrate (CP)-treated animatsodstrated body weight gain. As assessed by
differential cell counts of bone marrow smears, AfDHhe given dose did not significantly influence
red blood cell (RBC) formation in male NMRI micehd mean ratio of polychromatic erythrocyte
(PCE) to the whole RBC fraction amounted to 111 8 %CE/200 RBC, compared to
107 + 14.2 PCE/200 RBC for the vehicle control. Tesitive control CP also demonstrated no
repression of RBC formation, with a mean numbell@? + 9.6 PCE/200 RBGJnder the specific
treatment conditions used, AOH did not significarghhance the number of micronuclei in PCE of
the bone marrow of male NMRI mice and is thus adersid non-mutagenic in immature bone marrow
erythrocytes (PCE) of male NMRI mice. In line witiese data, thie vivo alkaline comet assay with
liver tissue did not indicate a systemic genot@atential of AOH. Group mean TI (of the medians,
3 slides per animal, 50 cells per slide; n = 10)A@fH-treated animals (0.93 + 1.417 %) resembled
that of the corn oil-treated vehicle controls (0#298.480 %; n = 10) with, however, a slightly highe
amount of hedgehogs in the AOH group. Tihevivo alkaline comet assay with stomach, and in
particular with gut tissue, which was performednigestigate local genotoxicity in the gastrointesti
tract, could not adequately be analysed, due tmlamously adverse effect of repeated corn oil
exposure of the animals on tissue and slide prépartor the comet assay. Unexpectedly, high mean
TI, in particular in the corn oil-treated vehiclentrols, was observed. For stomach tissue meaarT]I f
corn oil-treated animals was >> AOH > EMS. Conaagnjut, the vehicle control slides were mostly
not analysable (< 5 animals). The slides of AOHxied animals were somehow better, but also
exhibited unexpectedly high mean TI, whereas theSHlsbplied in water)-treated positive controls
were comparable to the pre-study, with a mearirthsity of 21.08 + 10.526 %. Thus, in the absence
of significant treatment-related histopathologi@iges, corn oil treatment, possibly in combination
with overnight starving, seemed to interfere wiisue/slide preparation from stomach and gut. This
might be due to a decreasing resistance of celieetchanical and/or chemical stress. Consequently,
investigation of local genotoxicity of AOH in thel By using the comet assay seems only be possible
by using other application modes than oral gavagmin oil.

In conclusion, the genotoxic potential of AOH olysetin vitro could not be confirmed in the
mammalian erythrocyte micronucleus testivo with bone marrow of male NMRI mice.

The lack of AOH toxicity is in line with recent sties, suggesting that AOH plays only a minor role
for the genotoxic potential dflternaria extracts (Fleck et al., 2012; Schwarz et al., 20lt2s thus
recommended to study the mechanism of action déroplotentially as yet unidentifiediternaria
mycotoxins (e.g. altertoxin Il) in more detail.
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TERMS OF REFERENCE AS PROVIDED BY EFSA

BACKGROUND

In 2011, the EFSA Panel on Contaminants in the Fdloain (CONTAM Panel) adopted a Scientific
Opinion on the risks for animal and public heakttated to the presence Alfternaria toxins in feed
and food.

Alternaria toxins are mycotoxins produced Biternaria species, fungi widely distributed in the soll
microflora, which can act both as saprophytes dadtpathogensAlternaria species are principal
contaminating fungi in wheat, sorghum and barley] have also been reported to occur in oilseeds
such as sunflower and rapeseed, and in severtd find vegetables. Nameldternaria alternata is

the most commorAlternaria species found in fruits and vegetables and is tlost mmportant
mycotoxin-producing species.

Alternaria species produce more than 70 secondary metabdiitesonly few of them have been
chemically characterised and are known to cause &ffects both in humans and animals.

In particular, someAlternaria toxins and culture extracts @& alternata have shown positive
genotoxic results when tested in mutagenicity dadtagenicityin vitro assays both in bacteria and
mammalian cell systems. Among these, alternariocDHA CAS No. 641-38-3) and alternariol
monomethyl ester (AME, CAS No. 23452-05-3) wereorégd to cause mutagenicity both in bacterial
systems (Kada et al., 1984; An et al., 1989; Zheal.e1991; Schrader et al., 2006) and in mammalia
systems (Dong et al., 1993; Brugger et al., 2006) @dastogenic damages in a series of mammalian
cell cultures (Liu et al., 1992; Lehmann et al.0@0Pfeiffer et al., 2007a). Altertoxin-l1 (ATX-I, &S

No. 56258-32-3), -Il (ATX-ll, CAS No. 56257-59-1nd —Ill (ATX-Ill, CAS No. 105579-74-6)
showed gene mutations when tested in an Ames éStagk and Prival, 1986) and ATX-l and ATX-
Il induced cell transformation in murine fibrobtasand in an immortalised human cell line (Osborne
et al., 1988). Finally, a recent study indicatqulausible genotoxic mode of action for AOH, showing
that it can act as an inhibitor of DNA topoisomerasnd Il (Fehr et al., 2009).

Limited information shows that AOH can be extenbivabsorbed by the gastrointestinal system
(Burkhardt et al., 2009), whereas a poor absorptias observed botim vitro andin vivo for AME
(Burkhardt et al., 2009; Pollock et al., 1982).|6wing absorption, rapid metabolism was observed
for AME (Pollock, 1982). Metabolite characterisativas undertaken both for AOH and AME. Both
toxins showed oxidative metabolism pathways leadmdgormation of catechols or hydroquinones,
and possible glucuronide- and sulphate-conjugaidsiffer et al., 2007b, 2009; Burkhardt et al.,
2009).

In the scientific opinion, the CONTAM Panel recommded the generation of additional genotoxicity
data for most of thélternaria toxins and in particular the generation of toxiaigta for AOH and
AME enabling their risk assessment. Moreover, th@NCAM Panel noted that no reliable
information is available on the toxicokinetics amétabolism of the toxicologically relevant toxins
and recommended that data should be generatethalse respect.
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OBJECTIVES

The present call aims to generate data to fillitiermation gaps in the fields of toxicokineticsdan
genotoxicity and allowing for the refinement of thisk assessment oAlternaria toxins. The
Scientific Opinion indicated that, among the paiyt genotoxicAlternaria toxins, AOH occurs with

a relatively high frequency in foodstuffs. In padiar, AOH has shown positive results when tegted i
mutagenicity and clastogenicity assagsvitro both in bacteria and mammalian cell systems.itNo
vivo genotoxicity data were retrieved to confirm thegexic potential of thosalternaria toxins.

Moreover, preliminaryn vitro data shows a high intestinal absorption potefiaAOH (Burkhardt
et al., 2009). In conclusion, AOH is selected asrdpresentativalternaria toxin to be tested.

The objective of the project is to conduct a corebistudy for the determination of the toxicokinetic
profile and the assessment of genotoxicity of A@Hadents.
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TASKS

An in vivo toxicokinetic (TK) study in rodents shall be perfad to characterise the kinetic profile of
AOH. The toxicokinetic study shall include the dyeis of radioactivity labelled-AOH and shall be
aimed at the characterisation of the following atgie

* The determination of the rate and extent of gastestinal absorption, including the
estimation of the following parameters: systemioabailability (f), peak concentration in
plasma/blood (6., time of peak concentration in plasma/blood.t following oral
exposure;

* The distribution of AOH in the body, including tlietermination of the following kinetic
parameters: volume of distribution (Vd) and blodagma elimination half life (k).
Distribution will be determined at least in theldoVing tissues/organs: liver, kidney, spleen,
gastrointestinal tract, reproductive organs anthbra

» The metabolism of AOH, including the identificati@md chemical characterisation of the
main metabolites in blood, urine and faeces by medradequate analytical techniques. The
metabolic pathway scheme should be also providedp&tingin vitro experiments can also
be included, if adequate.

» The excretion of AOH, including the recovery rafietloe parent compound and the main
metabolites from urine and faeces up to 96 houes tife end of the treatment.

An in vivo genotoxicity study in rodents. The battery of gematity assays to be included in the
vivo study shall be selected on the grounds of the ablaiin vitro data indicating a genotoxic
potential for AOH and shall be justified by a cléasting strategy rationale. In particular:

» The selected battery of genotoxicity assays shalec both the mutagenicity and
clastogenicity endpoints.

* The assays shall be performed to enable the ei@luaft genotoxicity at the site of contact of
the substance following ingestion (e.g. oesophagusosa) and at the critical organs/tissues
following systemic absorption. The information gattd from the TK study could be used to
support the genotoxicity testing strategy.

Both studies shall be conducted in compliance aatmmonly accepted toxicological testing guidance
documents and with the principles of good labosafwactices (GLP).

The results of the studies will be described iniraFTechnical Report. Interim and Final Technical
Reports will be prepared in line with the time siile reported in 1.1.4 of the technical specificas
(ToR).

This contract was awarded by EFSA to:
Contractor: Fraunhofer Gesellschaft zur Férderwergatigewandten Forschung e.V.
Contract title: Combined toxicokinetic anuvivo genotoxicity study odternaria toxins

Contract number: OC/EFSA/CONTAM/2012/01
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INTRODUCTION

Only limited information is available on the bio#dadility and toxicokinetics of AOH after oral
application. Furthermordan vivo genotoxicity data confirming the genotoxic potahtbbservedn
vitro are lacking. It was thus the objective of thisdgtiuo gain information on the toxicokinetic
behaviour and on tha vivo genotoxic potential of AOH in mice.

MATERIALS AND METHODS

1. Up scaled oxidativen vitro metabolism of AOH (microsome incubation)

Oxidativein vitro metabolites of AOH were generated by incubatirigr8L microsomes (20 mg/mL
Rat Microsomes Pool GIBCO 50 % Glycerin No.: RTMQRIissolved in 3.1 mL 0.1 M phosphate
buffer with 50uM Alternariol and a nicotinamide adlee dinucleotide phosphate (reduced form)
(NADPH)-generating system (179uL (433U/mL) isodiraehydrogenase, 698 uL 2.33M isocitrate,
195 mg NADP+, and 775 pL 1M magnesium chloridedé4p L phosphate buffer) in a final volume
of 142 mL of 0.1 M phosphate buffer at pH 7.4. Afpee-incubation for 30 min at 37 °C, the 6.2 mL
NADPH-generating system and 6.2 mL of the microsbmere added and the mixture incubated for
5min at 37 °C. Then 0.77 mL 26.9 mM Alternariol svadded and the mixture incubated for
additional 90 min at 37 °C. Subsequently, the iatiolm mixture was extracted with 1:1 ethyl acetate
and the pooled extract evaporated to dryness. @sidue was dissolved in suited solvent either for
MS or NMR analyses.

2. Purification of synthesised Alternariol by preparative chromatography

2.1. Preparative liquid chromatography
Chromatographic purification was carried out avimgsly described.

The raw AOH dissolved in the eluent was purifieatigtically on a C18 column.

Eluent (isocratic): THF 26 %/MeOH 30 %8l 44 %, 0.01 % TFA

Flow: 20 mL/min

Concentration: Stock Solution: 0.5 g/100 mL

Appl. Volume: 10 mL (ca. 50 mg Alternariol/10 neluent)

Detection: UV; 254 nm

Range: 0 —0.250 Abs (= 10 mV)

Collected fraction: Fraction 1-1: from minute 7signal decrease to 0.100 Abs (= 4 mV)

after about 14 min

The collected LC-fractions were extracted with étliyl acetate and the pooled extract evaporatad in
rotary evaporator to dryness. It was noted thatdag drying led to brownish discoloration (oxidati
of the phenolic hydroxyl groups) of the product.
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Figure 1 UV-Chromatogram of the preparative purificatiorsghthesized AOH

2.2. Analytical liquid chromatography

The HPLC separations were performed using Agild®oIHPLC with degasser, quartery pump, auto-
sampler, and Bruker-DAD detector (200-400 nm, ti268®-259 nm, | = 2 mm).

Eluent A: 0.012 % formic acid, pH= 3.5

Eluent B: pure acetonitrile

Gradient: start 18 % B, 10 min 42 % B, 17.5 mire4®8, 24 min 90 % B.

Flow: 0.7 mL/min

Column: Agilent Eclipse 150x4.6 mm, 5 um partisiee

Injection volume: 5-30 uL
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2.3. Microsomal incubations with alternariol
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Figure 2 Metabolism scheme

Microsomal incubations with alternariol and subsmguextraction of AOH and its hydroxylated
metabolites were carried out as follows:

Materials and Chemicals

Microsome source: rat liver
Dipotassium phosphate buffer (0.1 M)

Magnesium chloride solution (1.0 M)

Isocitrate buffer (2.33 M)

Isocitrate Dehydrogenase (200 U / mL): Isocitdeglbydrogenase 150 U = 1 pckg unit
(200 U/ mL =200U /1000 pL =150 U/ 790)p

NADP+: weighed portion: 194 mg

Alternariol stock solution: 3.8 mg/mL in DMSO

Microsomal Incubation

Total volume: approx. 153.7 mL

Protein concentration: approx. 1 mg/mL

Incubation temperature: 37 °C
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Incubations:

1. Dipotassium phosphate buffer (0.1 M; 141.09 mL)remsferred into an autoclaved glass
bottle and kept in a water bath (shaking, 37 °Q)l time buffer has reached a temperature of
37 °C.

2. Protein cocktail: The protein cocktail is prepafeshly on the day by mixing isocitrate buffer
(2.33 M; 698 uL), isocitrate dehydrogenase (200 IJ/rB88 pL); magnesium chloride
solution (1 M; 775 uL); dipotassiumhydrogen phosetmuiffer (0.1 M; 4264 uL) and NADP+
(194 mg).

3. Microsomes (310 pL) are diluted with dipotassiumiogeen buffer (0.1 M; 5.89 mL) and
added together with the protein cocktail to the-lpeated dipotassium phosphate buffer (0.1
M; 141.09 mL; 37 °C). The resulting mixture is ibated in a water bath (shaking; 37 °C) for
5 min.

4. After addition of alternariol stock solution (1208M; 1.55 mL) the mixture is incubated in a
water bath (shaking; 37 °C) for 60 min.

5. After the incubation cycle the sample is stored 20 °C prior to extraction.
Extraction Procedure:

1. The frozen sample (see point 5 under Microsomalibation) is thawed and homogenised
using a vortex mixer.

2. DHC-IS working solution A (40 pL; chapter 3.3.4)added to a sample aliquot (100 pL) in a
2-mL flat bottom glass vial (white, clear).

3. Liquid-liquid extraction is performed by adding gtlacetate (1 mL) and subsequent mixing
for a.) 1 min at 1800 rpm using a vortex mixer grémin at 1000 rpm using a thermo mixer
(Eppendorf). Separation of the two phases is aelidy letting the sample sit on the work
bench for 1-2 min.

4. The top layer is transferred into a clean 2-mL lflattom glass vial (white, clear). The solvent
is removed in a nitrogen stream (approx. 20 min).

5. The resulting dry residue is taken up in methanb0(uL) and mixed for 30 s at 700 rpm.

6. The extract is stored in a sealed glass vial ateap@ °C prior to analysis.

2.4. HPLC peak cut preparation of oxidized metabolites bAOH

The first enrichment step was carried out by regmbagxtraction with ethyl acetate. The HPLC
separations were performed using Hewlett Packat@0-HPLC with degasser, quartery pump, auto-
sampler, and Bruker-DAD detector (200-400 nm, tr&5-259 nm, | = 2 mm). The selected
chromatographic peaks of the oxidative metabolitege collected repeatedly in separate collecting
vessels. All HPLC fractions of interest were cdiel; extracted with ethyl acetate, and used for MS
and NMR analyses.
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3. AOH identity and purity confirmation by NMR spectro scopy/mass spectrometry

NMR spectroscopy All samples were characterized by NMR spectrogaggng a high-performance
digital 600-MHz NMR spectrometer Avance Il (by Berr) equipped with a 5-mm TCI cryoprobe
head tH/*3C inversely, Z-gradient). All NMR spectra were reted in CDC}/ DMSO-D; (50:50) by
using standard pulse sequences. All obtained speelre referenced to the solvent signal DMSO-D
(*H, 5 = 2.514 pprh **C, & = 39.5 ppm).

'H-NMR-1D spectra: pulse sequence zg30, TD 32K, 2sA) 1.95sec, D1 30sec, sweep width
8420Hz;**C-NMR-1D spectrum (AOH): pulse sequence zgig30, 30K, ns 5120, AQ 1.95sec, D1
3sec, sweep width 33333H#/*H -NMR-COSY?-2D spectra: pulse sequence cosygpqgf, TD 2K, ns 2-
4, AQ 0.14sec, D1 1.5sec, sweep width 7400%*H-NMR-ROESY-2D spectra: pulse sequence
roesyph, TD 2K, ns 2-4, AQ 0.14sec, D1 2.0sec, pweilth 7400Hz;*H/**C-NMR-HSQC-2D
spectra: pulse sequence hsqcetgpsi2, TD 2K, nsQ40A4sec, D1 1.5sec, sweep width 7400Hz;
'H/**C-NMR-HMBC®-2D spectra: pulse sequence hmbcgpplpmdgf, TD 8K.32, AQ 0.14sec, D1
2.0sec, sweep width 7400Hz.

NMR sample preparation: Dried HPLC cuts were digswlin 65 pL 50/50 viv CDE@DMSO-Ds and
the solution was transferred into an NMR glasslizagi(OD = 2 mm) and fused by melting.

Mass spectrometry The mass spectrometric (MS) measurements weferperd with:

A) a Bruker Esquire LC ion trap mass spectrometefléav injection. The following setting was
used: Nebulizer nitrogen 11 psi, 5L/min; dry tengtere 300 °C, mass range 50-600 amu; ICC
30000 max 50 ms; flow 400 pL/h.

B) a Bruker HCT ion trap mass spectrometer for LC-U%-Measurements. The following setting
was used: ESI-MS negative mode, target Mass 25Q staility 50 %, scan 50-570 amu, ICC
100000, dry temp 300 °C, nebulizer nitrogen, 15 ®4i/min.

C) an ABSciex 5500 QTrap mass spectrometer for quaaivtt LC-MS measurements of AOH.

3.1. Determination of the AOH purity (NMR)

6.61 mg AOH and 4.86 mg maleic acid were dissolve@00 pL 50/50 CDC}./ DMSO-d6. The
'H NMR spectra were recorded using the Bruker pplegram zg30. The following AOH signals
(Px) and the corresponding integralg)(were used for quantificatio# proton from C-2, C-4, C-8
and C-10 as well as the three protons of the C-15.

Calculation: Ix - Mx - ms - pus -2

Is - Ms - 100 - Px
x = sample s = standard2 protong, M = molecular masd = integral pu = purity, P= protons m = mass

3.2. Structural elucidation of the oxidized metabolitesof AOH (NMR/MS)

The structural elucidation of the oxidative metatesl was performed with the 1D/2D-NMR and MS
methods listed above.

2 TheH chemical shift belongs to always present incotepdieuterated DMSO{3= DMSO-Ly).
3COSY =corelatedspectroscop.

4 ROESY =rotating frameDverhauseeffect spectroscop.

5SHSQC =heteronucleasingle quantumcoherence.

5 HMBC =heteronucleamultiple bond correlation.
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4. Sample preparation

4.1. Mice whole blood (LC-MS)

K3EDTA mice whole blood (25 uL) was transferredoirat 0.5-mL Eppendorf tube. IS intermediate

solution B (6 pL) and methanol (5 uL) were added e sample mixed on a vortex mixer. Proteins
were precipitated by adding methanolic zinc sulplsatiution (250 pL). The solution was mixed on a

vortex mixer for 30 sec and then centrifuged atO0O&f for 10 min at room temperature. Methanol

(100 uL) was added, the sample mixed on a vortecema@nd then centrifuged at 10000 rcf for 5 min

at room temperature. An aliquot (100 pL) of theesnptant was transferred into a 2-mL HPLC-vial,

aqueous methanol solution (400 pL, 50 % methamp) (@as added and the sample mixed on a vortex
mixer prior to LC-MS/MS analysis.

4.2 Mice urine (GC-MS)

A solution of methanol / water 70:30 containing 300 internal standard and mice urine (200 pL)
were transferred into a 2-mL Eppendorf tube. Ettgtate (300 uL) was added and the sample mixed
on a vortex mixer. After centrifugation (8000 r&;min, room temperature) the supernatant was
transferred into a clear 2-mL autosampler vial. Té®due was extracted with ethylacetate (300 pL)
by thorough shaking using a vortex mixer. After tcémgation (8000 rcf; 2 min, room temperature)
the supernatant was combined with the first supantaand the resulting sample was dried in a
nitrogen stream. After complete removal of all solvand water, BSTFA (40 pL) was added. The
resulting mixture was left over night at room temgtere, to allow complete derivatisation, prior to
GC-MS analysis.

5. Analytical method development and validation (LC-MS/ GC-MS)

The method validation was performed in accordandé e guideline of bioanalytical method
validation (EMEA/CHMP/EWP/192217/2009). This guidel provides recommendations for the
validation of bioanalytical methods applied to measdrug concentrations in biological matrices
obtained in animal toxicokinetic studies and alagds of clinical trials. For cost reasons, a gindel
compliant full validation has been omitted. Thd fdlidation normally comprises:

» Selectivity

e Carry-over

* Lower limit of quantification
» Calibration curve

* Accuracy

* Precision

* Dilution integrity

* Matrix effect

e Stability

All these crucial points were of course addressetltbey were not validated to full extent. In
particular, dilution integrity, matrix effect antbbility were validated with reduced sample sizke T
validation was performed only for AOH, since foetbxidative metabolites no standards are available.
Although the validation is designed as non-GLP phieciples of GLP as well as the EMA-“Guideline
on bioanalytical method validation” [1] were tak@mo consideration and the validation was
conducted in the spirit of GLP. The method validatis given in a supplementary report to this repor
Appendix H.
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5.1. LC-MS analytical method

The quantification of AOH in mice whole blood washaeved by LC-MS/MS analysis in MRM mode
using matrix matched standards and 7-Hydroxy-4-plsenmarine (HPC) as internal standard. The
LC-MS method was carried out with an Agilent-110@LE€ with degasser, quartery pump, auto-
sampler, and Bruker-DAD detector (200-400 nm, tr2&®-259 nm, | = 2 mm).

Table 1 HPLC parameters and settings used for AOH detetiom& mice whole blood
Parameter Settings
System Agilent 1260
Trap column
Zorbax Eclipse Plus C8, 2.1x12.5 mm, 5 um ; SNsUJQB03701
Analytical column Poroshell 120 EC-C18, 3x50 mn7, 2m; SN: USCFZ12555
Column temperature [°C] 50
Injection volume [uL] 10
Autosampler temperature [°C] 7 or uncontrolled
Needle wash 0.1 % formic acid (aqg):acetonitrilefm@bl:isopropanol (1:1:1:1)
Mobile phase
Trap column Isocratic: methanol/water 25:75
Analytical column A: water
B: methanol
Gradients
Trap column
Time [min] Flow rate [uL / min] Valve position tien[min]
0.00 500 right 0.00
0.01 500 left 0.01
151 500 left 1.52
1.52 500 right 1.53
22.00 500 right 18.00
left 18.01
left 22.10
right 22.20
Analytical column
Time [min] Flow rate [uL / min] B [%]
0.00 500 25
1.00 500 25
10.0 500 80
15.00 500 80
15.01 500 95
18.00 500 95
18.01 500 25
22.00 500 25
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Table 2 MS parameters and settings used for AOH deternonati mice whole blood
Parameters Settings
System ABSCIEX QTRAP 5500
Source TurboV™
Mode Negative
Capillary voltage [V] -4500
Curtain gas (B [psi] 30
Gas 1 (N) [psi] 50
Gas 2 (N) [psi] 70
Temperature [°C] 550
CAD gas Medium
Dwell time [ms] 150
Entrance potential [V] -10
MRM transitions
Compound Q3 Collision CXP DP
m/z m/z energy
AOH - Quantifier 257 213 -36V -15V -60V
AOH — Quialifier 257 147 -46V -5V -60V
HPC — Quantifier 237 193 -35V -15V -50V

5.2. GC-MS analytical method

The quantification of AOH in mice urine was achigy®y GC-MS analysis in SIM mode using matrix
matched standards and 6,7-Dihydroxycoumarin (DHCheernal standard. AOH and its metabolites
(Fig. 1) were determined by GC-MS analysis afterirthderivatisation with N,O-Bis-
(trimethylsilyl)trifluoroacetamide (BSTFA). Quardtion was achieved by Single lon Monitorinig
(SIM). The analyte AOH was monitored on the masshtarge ratios (m/z) 459 (quantifier) and 222
(qualifier) and the internal standard DHC on the tmace 322. All four metabolites (01, 02, O3 and
O4) were monitored on m/z 547.

Table 3 GC-MS parameters and settings used for AOH detetioimin mice urine
Parameter Settings

System HP 6890 (GC) / HP 5973 (MS); Gerstel MRPSutbsampler
Mode Electron impact (El)

lonisation energy [eV] 70

Column HP5ms, length: 30m; diameter: 0.25 mm,; fitickness: 0.25 pm
Carrier gas Helium

Carrier gas flow [mL / min]
Injection volume [uL]
Injector temperature [°C]
Injector mode
Temperature program

Quadrupole temperature [°C]

1.2 (constant flow)
1

250

splitless

Start: 60 °C for 1 min; End: 290 °C for 15 min;
Rate: 15 °C / min
150

Data acquisition

Compound ID Target (m/z)

AOH 459 (qualifier: 222)

DHC (1S) 322

o1 547

02 547

03 547

04 547
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6. Dose range finding study

Male and female NMRI mice, approximately 7-8 weeksige, were purchased from Charles River.
Mice were treated orally with increasing doses @H\ (50, 100, 300, 1000 and 2000 mg/kg body
weight) and daily observed for clinical signs fareoweek. AOH was suspended in corn oil and the
application volume was 10 mL/kg. Body weights weszorded daily. In preparation for the
genotoxicity study, the limit dose of 2000 mg/kgswhen repeatedly applied at 0, 24 and 45 h to one
male and one female mouse.

7. Toxicokinetics of radiolabelled Alternariol in mice
7.1. Animal model

Male (= default sex for this study type) NMRI miagproximately 7-8 weeks of age, were purchased
from Charles River. NMRI mice are recognized byeinational guidelines as a recommended test
system (e.g. EPA, OECD, EEC). For a period of 9sdayor to the start of the study, the mice were
trained to become accustomed to handling. At tag sf the study, the age of the mice was approx.
8-9 weeks. A total of 20 mice were used in thiglgt(including 4 sentinel animals). The study was
divided into two parts (see Table 4).

7.2. Treatment of animals

Treatment was done following overnight fasting (t@.h) as a single oral dose by gavage. 10 ml/kg
BW of the suspension consisting of &] Alternariol and non-labelled Alternariol in comil was
administered. The animals were given free accefwtband water after administration.

7.3. Dose selection

The dose range finding study revealed that miceratéd doses up to 2000 mg/kg without any
impairment of their general health status. As #tipulated in OECD guideline 417 “Toxicokinetics”
that a maximum dose of 1000 mg/kg should be usete&t compounds with low toxicity, this dose
was chosen as the high dose. 200 mg/kg were sskedvadose as it was expected that this dose level
would be high enough to allow for test item recgvier tissues and excreta. The total radioactivity
dose per animal was 1.6 MBq.

7.4. Study groups
The study groups are given in Table 4.

Table 4 Study Groups
Group | Purpose Sex Animal-No. Samples for Radioactivity measurements'{C) | Part *
1 Excretion, m 1101, 1102, Faeces, urine, exhaled air,
Tissue distribution day 7 1103, 1104 heart, lung, liver, spleen, stom&ckmall
Low Dose intestiné, large intestin& muscle, kidneys,
200 mg/kg testes, renal fat, brain, bone, blood
2 Blood kinetics, Tissue m 2101, 2102, Blood (2, 6 and 24 h), 1
distribution 24 h 2103, 2104 heart, lung, liver, spleen, stom&ckmall
Low Dose intestiné, large intesting muscle, kidneys,
200 mg/kg testes, renal fat, brain, bone, blood
3 Excretion, m 3101, 3102, Faeces, urine, exhaled air,
Tissue distribution day 7 3103, 3104 heart, lung, liver, spleen, stomickmall
High Dose intestiné, large intestin& muscle, kidneys,
1000 mg/kg testes, renal fat, brain, bone, blood
4 Blood kinetics, Tissue m 4101, 4102, Blood (2, 6 and 24 h), 2
distribution 24 h 4103, 4104 heart, lung, liver, spleen, stom&ckmall
High Dose intestiné, large intesting muscle, kidneys,
1000 mg/kg testes, renal fat, brain, bone, blood

* The study was divided into two parts which wemrfprmed one after the other because the capamityhe collection of
exhaled air was limited to 4 animals.
# Contents measured separately

EFSA supporting publication 2014:EN-679 19

The present document has been produced and adoptkd bodies identified above as author(s). Té& has been carried out exclusively
by the author(s) in the context of a contract betwthe European Food Safety Authority and the a(ghoawarded following a tender
procedure. The present document is published congplyith the transparency principle to which thetiarity is subject. It may not be
considered as an output adopted by the Authorte European Food Safety Authority reserves itstsighiew and position as regards the
issues addressed and the conclusions reached pnetient document, without prejudice to the rigffitthe authors.




\

~ Fraunhofer

ITEM Toxicokinetics and genotoxicity of Alternariol

7.5. Observations

All animals were observed once a day. Individuadybweights were recorded to the nearest 0.1 g
before treatment start and also before necropsy.

7.6. Collection of exhaled air

Exhaled air was collected in groups 1 and 3. Eaetabolism cage was placed individually in a clear
hermetically sealed chamber which was continuodklghed with air at a flow rate of about
1 litre/min by a vacuum pump. A scheme of the @it® equipment is shown in Figure *4C-CO,
was collected by passing the air through two gashwa bottles containing 300 ml 3-
methoxypropylamine (MOP, CGQrapping solution) and 300 ml water. A third gaashing bottle
containing 0.001 % bromthymolblue solution (300 m#s used to detect any remaining,@Scaping
bottles 1 and 2 (Surplus G@ould cause a colour change from blue to green).

——>» Air Flow approx. 1000 ml/min

AT A A T

N N o oA [ NN
o o o
ol|| o o|| o ofl o
© ||o © l]lo © |lo
I L1
o
Bottle 1 Bottle 2 Bottle 3 Bottle 4
300 ml MOP 300 ml H,O 300 mI BTB empty
CO,-absorption COy-indicator Spillover
Figure 3 Collection of exhaled air. MOP: 3-methoxypropylami BTB: bromthymolblue

Samples were collected every 24 hours for a pesfod days. All gas washing bottles were replaced
by new ones with fresh solutions at every samptingg point (i.e. every 24 h). Furthermore, the
colour of the bromthymolblue solution was checkad documented and the air flow was measured
using a Defender 520 (Bios) and documented manuBdiitle 1 (3-methoxypropylamine) was placed
in a plastic bowl filled with crushed ice to prevesvaporation of the C&rapping solution. The
crushed ice was changed twice daily throughou¥ttday sampling period.

7.7. Collection of urine and faeces

Urine and faeces were collected daily for 7 daygrimups 1 and 3. Urine and faeces weights were
documented on special data forms. After each dalleof urine samples, the metabolism cages were
washed with water to remove remaining urine andehgashings were analyzed for radioactivity to
ensure complete recovery of urinary excreted Aigah
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7.8. Blood sampling

Blood samples were taken from the retroorbital yeéexus (group 2 and 4) at 2 and 6 h and from the
vena cava caudalis after 24 h during necropsy.

7.9. Necropsy

Necropsy was done for all animals. The animals vearaesthetized by an overdose of ,CAlter
collecting a blood sample in a Li-Heparin tube (2@0 pL), the animals were killed painlessly by
cutting thevena cava caudalis. All animals were subjected to a complete necrppgyich included
careful examination of the external surface of biogly, all orifices, and the cranial, thoracic and
abdominal cavities and their contents. Organ weighi&drenals, brain, eyes, stomach, small instin
large intestine, heart, kidneys, liver, lungs, spl@nd testes were recorded to the nearest O.heg. T
following organs and tissues were collected: hdanigy, liver, spleen, stomach, small intestinegdar
intestine, muscle, kidneys, testes, renal fatnbtaone, blood.

7.10.  Storage of samples
All organ, tissue, blood, excreta and cage wastpkssmnwere stored at —20 °C until analysis.

7.11. Radioactivity measurements

Analysis of blood, organ, tissue and excreta sasnple

Blood, organ, tissue and excreta samples were cstefbwsing the sample oxidizer OX 500 (Zinsser
Analytik, Frankfurt, Germany). Approximately 0.20§ each blood, organ or tissue sample was used
for one measurement. Faeces samples were homodenizeater 24 hours before analysis. About
0.2 g of faeces suspension was used. The oxidiXes@ converts the organic moiety of a sample to
C-carbon dioxide and water‘C-Carbon dioxide is sucked through special scatth fluid
(Oxysolve C 400, Zinsser Analytic Co., Frankfurggping the radioactive gas completely.

Analysis of exhaled air

10 ml 3-methoxypropylamine (MOP) from bottle 1 wemixed with 10 ml Permaflour ® (Perkin
Elmer) for scintillation counting. Water from ba@tP was counted with Rotiszint ®. For this purpose,
5 ml water were combined with 15 ml Rotiszint.

Analysis of cage wash samples

About 0.2 g cage wash water was counted in 20 msRDt®.

7.12.  Liquid scintillation counting

The C-content of all blood, organ, tissue, faeces, ajritege wash and exhaled air samples was
guantified using a liquid scintillation counter @anan Coulter LS 6500). Each value was determined
as a mean of two measurements.

Background correction

The limit of quantification (LOQ) was determined tgplicate analysis of blank samples. During the
analysis of study samples, 111 blank values obdawwere counted and used to calculate the
background for combusted samples. The LOQ for ceteiolisamples was assumed to be 109 dpm
(mean + 3SD). For samples analysed without comfiysbackground values were calculated from
repeated analysis of the respective solvents antlistion cocktails. 15 ml Rotiszint with 5 ml wexr
were used as blank for cage wash samples and trateibottle 2 (62 dpm). In the case of MOP from
bottle 1, 10 ml MOP and 10 ml Permafluor® were usmdbackground correction (57 dpm). All
activity data were corrected for the appropriatekbeound values.

7.13.  Quality assurance

The radioactive toxicokinetic study was performadier GLP. For this reason, the Quality Assurance
Unit of Fraunhofer ITEM inspected critical phasdgh®e study and audited the study plan, the raw
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data, and the detailed GLP-conform final report, icwh will be available on request
(tanja.hansen@item.fraunhofer.de).

8. Kinetics and metabolism of non-labelled Alternariol

8.1. Animal model

Male and female NMRI mice, approximately 5-6 weeksige, were purchased from Charles River.
The animals were acclimatized to the FraunhofeMTBboratory conditions for 5 days. At the start
of the study, the age of the mice was approx. Geéks. A total of 38 mice were used in this study
(including 2 sentinel animals).

8.2. Treatment of animals

Oral treatment was done following overnight fastifog. 16 h) as a single oral dose by gavage.
10 ml/kg BW of the suspension of Alternariol in earil were administered. The animals were given
free access to food and water after administration.

8.3. Dose selection

A previous radioactive toxicokinetic study (03N13%ivas performed at 200 and 1000 mg/kg BW.
Based on the results of this study, it was expettitatithe low dose level (200 mg/kg) would be high
enough to allow for the recovery of AOH and potaintnetabolites in blood and urine. 200 mg/kg was
thus selected as dose level for groups 1-2. Aninmatgroup 3 received the limit dose used in the
genotoxicity study 17G14017 (2000 mg/kg).

8.4. Study groups
The study groups are given in Table 5.

Table 5 Study groups in the non-radioactive kinetic study

Group Purpose Dose Application | Animals Samples

1 Excretion Low dose | oral 5m/5f Metabolism cage for 3 days.
200 mg/kg Collection of urine every 24 h

2 Blood Kinetics | Low dose | oral 12m/12f Serial blood samples, 9 time
200 mg/kg points*, 3 samplings per animal

(n=4)
3 Blood Kinetics/ | High dose | oral 1m/1f One blood sample at 2 h
metabolism 2000 mg/kg

Three additional animals from Study 17G14017 (grapplso served for blood taking for analysis of
AOH metabolites. These animals received the limggedof 2000 mg/kg three times at 0, 24 and 45 h
and were killed 48 h after the first application.
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8.5. Collection of urine

Urine was collected daily for 3 days in group lindrweights were documented on special data
forms.

8.6. Blood sampling

Three blood samples were taken from each anim&-HDTA tubes (Table 6). Two samples were
taken from the retroorbital vein plexus (max 100) j@hd one from theena cava caudalis during
necropsy.

Table 6 Blood sampling schedule

Time (h) | Animal No. Sampling Site

0.5 2101, 2102, 2103, 2104, 2201, 2202, 2203, 2204 Retroorbital Plexus
1 2105, 2106, 2107, 2108, 2205, 2206, 2207, 2208 troBwbital Plexus
2 2109, 2110, 2111, 2112, 2209, 2210, 2211, 2212 troBdital Plexus
3 2101, 2102, 2103, 2104, 2201, 2202, 2203, 2204 troBdital Plexus
4 2105, 2106, 2107, 2108, 2205, 2206, 2207, 2208 troBdital Plexus
5 2109, 2110, 2111, 2112, 2209, 2210, 2211, 2212 troBbital Plexus
6 2101, 2102, 2103, 2104, 2201, 2202, 2203, 2204 na\Gava

24 2105, 2106, 2107, 2108, 2205, 2206, 2207, 2208 ena\Cava

48 2109, 2110, 2111, 2112, 2209, 2210, 2211, 2212 ena\Cava

8.7. Necropsy

Necropsy was done for all animals. The animals vee@esthetized by an overdose of,GOblood
sample was collected in an EDTA tube (ca. 500 g tne animals were then killed painlessly by
cutting thevena cava caudalis.

9. Pre-studyin vivo alkaline comet assay

Due to the necessary change from the rat to thesenmodel, based on limited amounts of the test
item AOH, thein vivo alkaline comet assay had to be adapted to thdesrspkcies, concerning single
cell isolation from liver, stomach, and gut. In dih, an appropriate positive control with respezt
dose and treatment schedule had to be establishethife NMRI mice.

9.1. Animal model

Male (= more prone to DNA damage than female argjidMRI mice, approximately 10-12 weeks
old were purchased from Charles River DeutschlgBdizeld, Germany). NMRI mice are the
preferred species and strain for the mammaliarhegyte micronucleus tests at Fraunhofer ITEM,
with availability of profound historical data. Akd main experiment for tHa vivo comet assay with
AOH was performed in parallel to the erythrocytemnucleus assay, male NMRI mice were also
used for the comet assay pre-study. A total of i were used in the pre-study (6 negative control
animals and 6 positive control animals). Animalgevaccustomed to the new environment for two
weeks before administration of vehicle or positeatrol.

9.2. Treatment of animals

Animals were treated with vehicle (tap water) dnyétmethanesulfonate (EMS, in tap water) as a
single oral dose by gavage, after overnight fastapgproximately for 16 h). Ten mL/kg body weight
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of the vehicle or EMS solution was administered Beffiore sacrifice. The animals were given free
access to food and water after administration.

9.3. Dose selection

For the pre-study a dose of 300 mg/kg body weidfiBBvas applied - this dose is known from the
literature to be an effective positive control lve tmouse model.

9.4. Necropsy

Both administration and sacrifice were done witlo subsets of three animals per treatment and with
one day in between to enable both slide preparatiah electrophoresis before treating the second
subset of animals. Necropsy was done 4 h afterrastration. The animals were anaesthetized with
Narcoren® about 5 min before sacrifice. After cdiiieg a blood sample in a Li-Heparin tube (ca.
200 pL), the animals were killed painlessly by iogttthevena cava caudalis. The stomach, a part of
the gut, one lung and one liver lobe were preparetitransferred to ice-cold tissue buffer (730.8 mg
EDTA, 100 ml HBSS without Gaand Md*, pH 7.5 + 10 % dimethyl sulfoxide directly befarse).

Stomach

Before transfer to tissue buffer, the stomach waened at th€urvatura major and was rinsed with
water to remove potentially remaining food. Thersioh was finally fixed on a clean underlay with
the inner part of the stomach upside and the bretermach wall was scraped 2-4 times with a Teflon
cell scraper. The tissue was transferred to aimracup containing 200 pL of ice-cold tissue buffer
and was further minced with a sharp scissors timéil buffer became cloudy. The buffer was then
resuspended, using a cut pipette tip. About 50 filthe suspension were then transferred to an
additional reaction cup and placed on ice.

Gut

About 5 cm of the small intestine were prepareddisgarding the first centimetre directly after the
stomach. The gut lumen was flushed with tissuedoudhd fixed with needles on a clean underlay.
The lumen was opened and the tissue fixed withriside on top. The single cells were then prepared
as described under 10.7.

Lung
From the inner part of the lung lobe a 2-4 hpiece was cut and directly transferred to a reaatup

containing 200 uL ice-cold tissue buffer. The tessuiece was then minced and resuspended as
described under 10.7.

Liver

A piece of about 2-4 mhwas cut from the inner part of one liver lobe avab directly transferred to

a reaction cup with 200 pL of ice-cold tissue bufféhe tissue piece was then minced and
resuspended as described under 10.7.

Peripheral blood
Heparinized blood was directly suspended in agafds€20 pL per 250 pL of low melting agarose)
and placed on agarose pre-treated slides.

9.5. Slide preparation and comet assay

The alkaline version of the comet assay was useddtection of DNA damage The single-cell gel
(SCG)/comet assay represents a test principledtontifying agents with genotoxic activity in mam-
malian cells and for further characterizing types @NA damage. The assay is based on
electrophoretic mobility of DNA fragments in agagagels on slides. Evaluation unit is the singlé cel
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The alkaline version (pH >13) of the comet assaghbie to detect DNA single- (SSB) and double-
strand breaks (DSB), DNA-DNA and DNA-protein créissks, alkali-labile sites (ALS) and SSBs
associated with incomplete DNA excision repair. DNd&mage is detected as DNA migrating out of
the cell nucleus during single-cell electrophorestsembling a comet tail. Tail intensity (TI) atadl
length (TL) are proportional to the number of DNiAasd breaks.

In brief, in the pre-study, approximately 50 pLtbé different cell suspensions were suspended in
250 pL pre-heated 0.75 % low melting agarose ar@ (10 of these samples were subsequently
applied to each of two agarose pre-coated slidesapienal and organ. After addition of a second
agarose layer, the slides were lysed overnight &€ 40 liberate the DNA. DNA-unwinding and
electrophoresis were then done on ice, in 4 °C etddtrophoresis buffer (300 mM NaOH, 1 mM
EDTA, pH > 13). DNA was finally stained with ethioih bromide and analysed using the Comet
assay Il Software from Perceptive Instruments €ftee Bumpstead, Haverhill, UK). All
methodological steps from cell lysis on were perfed under red light to avoid unspecific DNA-
damage due to UV-irradiation. As main endpoint Thef 50 nuclei per slide and 2 slides per animal
was determined. The Tl is a direct measure foratheunt of damaged DNA that can be standardized
among various studies. Nevertheless, TL and TM ve¢se analysed but were not included in the
figure. Anincrease in Tl, TL, or TM is indicati¥er the occurrence of direct DNA-damage.

The group mean Tl and standard error of the medimeofedian values of 50 nuclei per slide and two
slides per animal were calculated. Statisticaleddhces between the treatment groups (negative
control and 300 mg/kg body weight EMS) were cal@ddor every organ using the Mann-Whitney-
U-Test. Statistical significance was postulateld f 0.05.

10. Combined mammalian erythrocyte micronucleus test ad in vivo alkaline comet assay
with Alternariol in mice

10.1.  Guidelines for the conduct of the study

The combined mammalian erythrocyte micronucleusaedin vivo mammalian alkaline comet assay
study was conducted in compliance with the OECDdEéline for the Testing of Chemicals No. 474
(Genetic Toxicology: “Mammalian Erythrocyte Microriaus Test”; July 21, 1997) and the Principles
of Good Laboratory Practice (German Chemicals L&a, Appendix 1, of August 28, 2013). The
study considered both the OECD Guideline drafh (fivo Mammalian Alkaline Comet Assay”;
December 2013) and the “Minimum Criteria for theegmance ofin vivo alkaline Comet Assay
Reports” (EFSA, 2012). It followed the regulatiook the German Animal Protection Law (Tier-
schutzgesetz, August 07, 2013) and the valid Stdr@dperating Procedures of Fraunhofer ITEM.

10.2. Animal model

Male (= more prone to DNA damage than female arg)fdMRI mice (in total 38 animals, 5-7 weeks
old at delivery and purchased from Charles RiveutBehland, Sulzfeld, Germany) were used as
model system for the main study. NMRI mice arepteferred species and strain for the mammalian
erythrocyte micronucleus tests at Fraunhofer ITENh availability of profound historical data. The
micronucleus assay and the vivo alkaline comet assay with AOH were performed péytiin
parallel, in the same animals. Animals were housdividually at 22 + 2.0 °C, 55 * 15 % humidity
and controlled 12 h light/dark cycle.

10.3. Reference items

Corn oil was used as vehicle for AOH and as negatontrol. Cyclophosphamide monohydrate (CP;
CAS No.: 6055-19-2) was used as positive controtiie micronucleus assay (60 mg/kg body weight,
dissolved in tap water). CP was administered omedlyp after overnight starving, in a volume of

10 mL/kg body weight 24 h before sacrifice. Ethygthranesulfonate (EMS; CAS No.: 62-50-0) was
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used as positive control for tievivo alkaline comet assay (300 mg/kg body weight, dvesbin tap
water directly before use because of limited sitghih aqueous solution). The EMS dose was applied
once orally at a volume of 10 ml/kg body weighty Before sacrifice. After administration the anisnal
got free access to food and water.

10.4. Dose levels

A previous dose range finding study (FraunhoferNT&tudy No. 03N13517) revealed that both male
and female mice tolerated doses up to 2000 mg/kly baeight of AOH without any impairment of
their general health status. The animals survieggeated application of 2000 mg/kg body weight
without demonstrating treatment related effectse Da the limited amount of AOH, both tests
(mammalian micronucleus test aimvivo alkaline comet assay) were performed as “limistdewith
one dose only, to allow for repeated application.

10.5. Treatment of animals

Animals were accustomed to the Fraunhofer ITEM ahihouse for at least 5 days before admini-
stration of vehicle (corn oil), AOH (in corn oily the respective positive controls (in water). Aalm
were clinically observed daily and only animalsgomod health condition were included in the study.
The mice were randomly assigned to the study grdb@sed on body weights), and were identified
unambiguously. A unique individual 3-digit numberasv assigned to each animal (first
digit = treatment group, second and third digitrn@al number). All data collected from the animal
were filed under the allocated number. After acalimation, animals were treated in total three §me
orally with AOH (2000 mg/kg) or vehicle (corn oigfter overnight starving, using an application
volume of 10 ml/kg body weight. Treatments weref@ened at time points 0, 24, and 45 h. The
animals were given free access to food and water afiministration. For application of the positive
controls see 10.3.

Five male animals were used and analysed per tesatgroup for the micronucleus assay, whereas
13 (vehicle control) or 10 (AOH and EMS) male NMRRice were used and analysed per treatment
group in thein vivo alkaline comet assay to verify the disturbancelofe preparation by corn oll
treatment of the vehicle control and AOH animals: thein vivo alkaline comet assay more animals
were analysed than originally planned. For origidahtity of treatment groups and animal numbers
see Table 7. In groups 1, 2, and 4, three additiamémals were included as backups for
histopathology. In group 2 the three additionalnais also served for blood taking for analysis of
AOH metabolites (Fraunhofer ITEM Study No. 03N14bh2Bue to the problems with comet assay
slide preparation from stomach and gut tissue of od and AOH treated animals, the three backups
for groups 1, 2, and 4 were also used for the cassay. Furthermore, a repeat test was performed
with five control animals, two AOH treated animadnd two EMS treated animals to verify the
adverse effect of corn oil on slide preparationtalaumber of animals thus finally amounted to 38
male NMRI mice.

Five male animals were used and analysed per tesatgnoup for the micronucleus assay, as shown
in Table 7.
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Table 7 Study design of the combined micronucleus testadkaline comet assay study
Group Treatment Applicationt Preparation Numit():zr of Test
1 Corn oil, 10 ml/kg b.w. 0, 24,45 h 48 h 5+ 3@sa| MT, CA, HP
2 Alternariol, 2000 mg/kg b.w 0, 24,45 | 48 h + 8 males MT, (li/IA’ HP,
3 CP, 60 mg/kg b.w. 24 h 48 h 5+ 0 males MT
4 EMS, 300 mg/kg b.w. 44 h 48 h 5+ 3 males CA, HP

MT = Micronucleus test; CA = Comet assay; HP = Hiatoplogy; M = Analysis of AOH metabolites; * timdtex start
(time point 0 h) of the corn oil and AOH applicat®

10.6. Observations

Body weights were determined by use of electroniartices at the time of randomization, prior ta firs
administration of the test/reference substances lzafdre bone marrow preparation and tissue
sampling for the alkaline comet assay and histapadfy. The animals were observed in defined
intervals, following test/reference item adminitra and clinical signs of reaction to treatmenteve
recorded. For recording of the individual body wegg clinical observations, and histopathological
findings the PROVANTIS" software was used (Instem Life Science System Mylton Industrial
Estate, Staffs, ST 15 OLT, UK, version 8.4.3.1ighkr).

10.7. Preparation of diverse samples

Animals were sacrificed by G@xposure. Animals receiving AOH and animals ofuabicle control
group were sacrificed 48 h after the first applaat= time point 0 h). Animals of the EMS positive
control group were sacrificed 4 h after applicatiand animals receiving CP as positive control for
the micronucleus test were sacrificed 24 h aftera@ministration. Because of the repeated exposure
regime, only one sampling time was used for th@ odrand AOH treated animals. Preparation times
were considered by planning and performing testrafetence item applications.

Preparation of bone marrow and bone marrow smears

At the time of necropsy one femur of each mouse eadlected (except for group 4) and cleaned of

the surrounding muscle tissue. Ends of the femwuete cut off. The bone marrow was washed out

with foetal calf serum (FCS) and transferred inttulbe. The bone marrow in the tube was gently

pulled up and down till a fine cell suspension whserved and was subsequently centrifuged. Most of
the supernatant was discarded and the cell pedlstoarefully re-suspended in a very small volume of
FCS, resulting in about 2 drops of bone marrow sedpension per animal. From this suspension two
smears (A and B) were prepared on defatted slifles.smears were air-dried for 24 h and stained
according to Pappenheim with May-Griinwald- and Gisolution.

Preparation of single cell suspensions and slideghein vivo mammalian alkaline comet assay and
conduct of the comet assay

After preparation of the femur(s) for generatiorbohe marrow smear for the micronucleus assay, the
stomach, part of the small intestine and one ligbe were prepared and transferred to ice-colddiss
buffer (730.8 mg EDTA, 100 ml HBSS without €and Md", pH 7.5, + 10 % dimethyl sulfoxide
directly before use). Stomach and small intestiseswused in the comet assay as “first site of abnta
organs” and the liver served as systemic organ gh metabolic activity.
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Stomach: Before transfer to tissue buffer, the astmwvas opened at ti@urvatura major and rinsed
with ice-cold tissue buffer to remove potentialgmaining food. Stomach was then transferred for
some minutes to a container with ice-cold tissuéebubefore it was finally fixed on a clean undsrl
with the inner part of the stomach upside. Aftetting of a small stripe for parallel histopathology
the brown stomach wall was then scraped 2-4 tim#savTeflon cell scraper and the resulting tissue
was transferred to a reaction cup containing 200ofiice-cold tissue buffer. The tissue was then
further minced with sharp scissors until the buffecame cloudy. The resulting cell suspension was
subsequently re-suspended using a pipette tip.oxppately 70 pL (depending on cell density) of the
cell suspensions were finally transferred to addal reaction cups and placed on ice.

Small intestine: About 5 cm of the small intestinere prepared by discarding the first centimetre
directly after the stomach and taking adjacent $asnfor histopathology. The gut lumen was then
flushed with tissue buffer, put into a containethaite-cold tissue buffer for some minutes, betbes
sample was fixed with needles on a clean undeflag.lumen was subsequently opened and the tissue
fixed with the inside facing upward. The singlele@&ere then prepared as described under “Stomach”
beginning with scraping 2-4 times with a Teflonl seraper.

Liver: After a short period in ice-cold tissue terffa piece of about 2-4 mmwas cut from the inner
part of one liver lobe and was directly transfertech reaction cup with 200 uL of ice-cold tissue
buffer. The tissue piece was then minced and resulgal as described under “Stomach”. The rest of
this liver lobe was used for histopathology.

The alkaline version of the comet assay was sulesgiyuised for detection of local DNA damage. In
brief, after single cell preparation approximatéyuL of the different cell suspensions (depending
cell density) were suspended in at least 350 pfrefheated 0.75 % low melting agarose and thereof
100 uL were applied to each of three agarose predaslides per animal and organ. After addition of
a second agarose layer, the slides were lysed ightmt 4 °C to liberate the DNA. DNA-unwinding
and electrophoresis were subsequently done orusieg 4 °C cold electrophoresis buffer (300 mM
NaOH, 1 mM EDTA, pH > 13). DNA was finally stainedth ethidium bromide and stored in a
humid environment at 4 °C till microscopic analy#i methodological steps from cell lysis on were
performed under red light to avoid unspecific DNarthge due to UV-irradiation.

Preparation of tissues for histopathology

Histopathology was performed to detected possiwallcytotoxicity of AOH. Determination of local
cytotoxicity thereby enables better interpretattbrcomet assay results. Bone marrow (from sternum),
cecum, colon, duodenum, oesophagus, forestomalithlgdder, glandular stomach, ileum, jejunum,
liver, rectum, and macroscopically observed lesioare fixed in formalin and processed according to
standard procedures. All other organs like braitndy, pancreas, spleen, and lung were preserved in
formalin. Samples were taken from all animals o¢ #tudy and also the repeat experiment. The
backup animals as well as the AOH-treated aninfalkeorepeat experiment were also used for blood
taking (AOH-treated animals) for analysis of AOH taimlites (Fraunhofer ITEM Study No.
03N14528).

10.8.  Analyses
Microscopic analysis of bone marrow smears

The bone marrow smears were coded prior to micmpecanalysis and were analysed by light
microscopy under 630-1000x magnification. The ieaick of micronucleated cells per 2000
polychromatic erythrocytes (PCE) was determined dach treated animal. The ratio of PCE to
normochromatic erythrocytes (NCE) was calculatedEP NCE) by counting the number of PCE per
200 red blood cells. For both endpoints one oftéhe existing (A and B) bone marrow smears was
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used. Five animals per treatment group, with themahnumbers 101-105, 201-205, and 301-305 were
analysed.

Analysis of the comet assay slides

The comet assay slides were analysed using the tCxasay 11l Software from Perceptive Instruments
(Steeple Bumpstead, Haverhill, UK). As the mainpmat the median Tl of at least 50 nuclei per
slide and three slides per organ and animal (1s(ehper sample) were determined by excluding so-
called “hedgehogs” (small or not-existing head tmde diffuse tails). The Tl is a direct measure fo
the amount of damaged DNA that can be standardizexhg various studies. Nevertheless, tail length
(TL) and tail moment (TM) were also analysed andutioented in parallel, but were not statistically
evaluated and included in potential figures. Arréase in TI/TL/TM on the slides is indicative foet
occurrence of direct DNA-damage. The TI group meassandard deviation of the Tl means of the
median values of 50 nuclei per slide and threeesljpkr animal were calculated. Statistical diffeesn
between the treatment groups (vehicle control tpescontrol, AOH treated animals) were calculated
for every of the three organs using the Mann-WhtbeTest. Statistical significance was postulated
if P < 0.05. In addition, percentage of “hedgehogs” wetemnined for the at least 150 nuclei per
sample, without documenting Tl for these cells.

Histopathology

The samples for histopathology were evaluated, agalhe for signs of inflammatory or cytotoxic
processes such as cell infiltration or degeneratipeptotic and/or necrotic changes.

10.9. Evaluation of the results

Mammalian erythrocyte micronucleus test:

A micronucleus assay is judged as valid, if theislehcontrols demonstrate low spontaneous
frequencies of micronucleus induction and if theippee control animals demonstrate significantly
higher frequencies of micronucleus induction, angared to the vehicle control animals. In addition,
in test item (AOH) or reference item (CP) treatadrals, the PCE ratio should not fall below 20 % of
the vehicle control (corn oil) values to avoid uesific effects due to excessive cytotoxicity in the
bone marrow.

A mutagenic effect is claimed, if there is a cldast item related increase in the number of
micronucleated cells, as compared to the respeeéhecle controls. But, biological relevance of the

results is considered first. A test item for whitle test results do not meet the above criterion is
considered non-mutagenic in this test.

As statistical method the U-test according to Mavinitney (treatment groups and positive control
groups versus vehicle control) for two-group congmars was used as an aid in evaluating the test
results. Differences between group means were {lidgestatistically significant P < 0.05.

In vivo mammalian alkaline comet assay

A comet assay is judged as valid if the concurdatt& for the vehicle control animals are considered
acceptable for addition to the laboratory histdrigegative control database, and the positive obntr
induces a statistically significant increase indd,compared to the concurrent vehicle control alsm
and are compatible with the historical positivetcolndata. In addition, analysis of a sufficiennmer

of appropriate cell nucle>(150) should have been possible.

Providing that all acceptability criteria are fu#d, the test item AOH would be claimed positite i
the limit dose of 3 x 2000 mg/kg body weight let dostatistically significant increase in TI, as
compared to the concurrent vehicle control animatg] all results are outside of the historical
negative control data for the respective tissueHA®then considered to induce DNA-strand breaks
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in the tissue studied. Providing that the positxigeria are not met, AOH would be claimed negative
and unable to induce DNA-strand breaks in the ¢éisstudied.

If neither a clearly positive nor a clearly negatresult can be claimed, the test item AOH is judae
equivocal. Due to the limited amount of the testmis, comprehensive repeat assays or further
investigations could not be performed with the gibatch of the test item to clarify an unclear lesu

In the case of clearly positive or equivocal resufistopathology data are consulted for bettea dat
interpretation.

10.10. Quality Assurance

The combined micronucleus and comet assay studypesdermed under GLP. For this reason, the
Quality Assurance Unit of Fraunhofer ITEM inspectwidical phases of the study and audited the
GLP-conform study plan, the raw data, and the WetaiGLP-conform final report, which will be
available on request (christina.ziemann@item.frafgihde).

RESULTS

11. Analytical method development and validation (LC-M3GC-MS)

The urine samples could not be satisfactorily askird by the HPLC method. Matrix and blank values
complicated in particular the analysis of the AOldtabolites. This made the implementation and
validation of an additional GC-MS method inevitabléhe validation reports of both methods are
included in Appendix H as a separate report.

12. Alternariol purification

Due to the high demand of purified AOH a secondlbatas synthesized by the work group of Prof.
Podlech (University, Karlsruhe). After delivery @ctober 2013 the whole purification procedure was
started at Fraunhofer ITEM and was completed inebdaer 2013. However, the yield and quality
were not comparable with the previous batch. Bretwmxidized by-products required additional
purification steps. Since the end of January 2@1étal 2.7 g highly purified AOH were available.

12.1. Confirmation of identity and purity of the processal and pooled AOH (NMR)

All purified AOH stocks were pooled into a singlengple with a total weight of 3.40 g. Purity was

determined by NMR spectroscopy against maleic &8@.7 %) as an internal standard. The

calculation was accomplished with the integralhaf tnaleic acid signal at 6.18 ppm. The integral was
3.502.

Hence the AOH content was determined t®84! + 0.7% (NMR) .

The corresponding integralix) of AOH as well as the measuréid and*C NMR chemical shiftd)]
are given in Table 8.
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Table 8 'H and**C NMR chemical shiftsd] of purified AOH measured in CDgDMSO-Ds
(50:50)
'H-No. AOH Ix
2 6.63 1.010
4 6.58 1.007
8 6.31
10 7.18 1.001
OH 3 10.05
OH 7 11.75 0.998
OH9 10.59
CH3 15 2.69 3.000 oH Q
*C-No. 7
1 138.0 827 N, o
2 117.5 ° | 1
3 158.3 HO N~
4 101.8 10
6 165.3
7 164.2 15 S OH
8 101.0
9 165.2
10 104.4
11 138.3
12 97.5
13 109.2
14 152.7
CH3 15 25.5
13. Identity and HPLC peak confirmation of the oxidized metabolites of AOH (NMR/MS)

The intended method validation and the NMR spectpie structural confirmation of oxidized
metabolites require a consistent separation (HRAr@) enrichment (peak cutting) of the components
generated by the microsomal incubation.

13.1.

HPLC separation was carried out according to tieeaiure specifications (Pfeiffer et al.; 2007)eTh
numbering of the oxidized metabolite has been &eljuaccordingly. Figure 4 shows different HPLC
profiles of the extract from the incubation of AQMth NADPH-fortified rat liver microsomes.
Distribution and intensity of all constituents a@nsistent with the specifications from the litarat
(Table 9 and Figure 4Based on this separation method, the HPLC-cutth®structural elucidation
were performed. In addition, this HPLC method ikjsat of the analytical method validation.

HPLC separation and peak assignment
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Table 9 Fit of the retention times between Fh-ITEM and tweresponding data from the
literature (Pfeiffer et al., 2007)
Retention time [min] Quotient
Peak No. | Fh-ITEM | Literature | Lit./ITEM
1 10.5 12.3 1.174
2 11.3 12.8 1.136
3 11.9 134 1.124
4 12.8 13.8 1.076
5 14.7 15.3 1.041
5 600
AOH
2200 o3
0102 o4 Polymere
4 ° s p
3 min
6
12 !
10 ' '
DAD mau 2
' ]
|l 10mAu :
il I | "| \
|~ = AR L AN hil
™ B e o Ly | I | "':__‘, 4] 1 e S P LN
10 20 Time [min]
Figure 4 Established liquid chromatography method for Alggiol (AOH) separation at

Fraunhofer ITEM. TIC and DAD chromatogram profiles of the microsomal AOH
incubation are shown. The separation of AOH and4hexidized metabolites was
carried out according to the literature specifmat{Box on the right, Pfeiffer et al.,
2007). The Peak numbering given in TIC correspdodthe literature specification
(Peak 1 = 01, etc.).

13.2.  Enrichment of the oxidized metabolites of AOH (HPLQ

The extraction of the AOH incubation with ethyl tate resulted in an approximately 150-fold
enrichment. This starting solution was chromatogeabrepeatedly under the given conditions and the
selected peaks were cut. The pooled cut volumes then evaporated to dryness in a nitrogen stream
and resolved in the respective solvent for the NOARIS analyses.

" TIC = total ion chromatogram.
8 DAD = diode array detector.
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13.3.  General principal of the NMR data interpretation

All chemical shifts of AOH and its molecular strut are summarized in Table 8. These NMR
chemical shifts have been used as reference founladtered chemical structure of AOH. In the
following comparative data presentation, the chemshifts of structurally identical counterparts of
the oxidized metabolites investigated here aretguinin black and those molecule parts that are
different or include significant alterations argfilighted in red. All corresponding NMR spectra are
listed in Appendix A. Furthermore, a comprehengjxaphical representation of all cross-peaks in the
2D NMR spectra has been omitted for clarity. In thosses a tabular form has been used instead
(Appendix C).

13.4. General principal of the MS data interpretation

The MS spectra reveal primarily the molecular weigh the oxidized metabolites investigated
(Appendix B). Note, this would be by the use of NMBectroscopy alone not possible. All the
prominent M$ fragments are subjected to further fragmentatih$®f. It is then only verified
whether the resulting fragmentation pattern is damp with the initial molecular structure.
Statements regarding the exact position of additibiydroxyl-groups are not generally possible and
the structural information from NMR spectroscopystibe used instead.

13.5.  Structural confirmation of the metabolite O1 at pe& 1 (RT = 10.48 min)

DAD [251-259)

Irters T
I S
] i Extinction
EEE-I
400- 200 ?oo] 400
3[!]—.
200+
100+
| 2
D. - g w i I
25 50 75 oo 125 150 175 200 225Time [min]
Figure 5 HPLC-UV-Chromatogram and UV spectrum of the pudfiaetabolite O1 at peak 1

(RT=10.5min), purity approx. 97 %

The HPLC-UV chromatogram and the UV spectrum ofpthefied peak 1 (O1) are shown in Figure 5.
'H NMR spectra are shown in Appendix A and the apomding mass spectrometric data in
Appendix B.The corresponding NMR data is given able 10. The assignments of the signals made
here are based mainly on the results of two-dinoer@diNMR spectroscopy. A tabular form of all
observed cross peaks in COSY, HSQC and HMBC 2Dtspece listed in Tables 25 and 26 in
Appendix C.
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Table 10 Comparison ofH and**C NMR chemical shiftsd] of AOH and 8-Hydroxy-AOH
(Peak 1/01) measured in CRAIMSO-Ds (50:50)

8-Hydroxy-
'H-No. AOH AOH delta
2 6.63 6.62| -0.01
4 6.58 6.59| 0.1
8 6.31 -6.31
10 7.18 7.30| 0.12
OH 3 10.05 9.83| -0.22
OH7 11.75 11.74| -0.01
OH 8 8.83| 8.83
OH 9 10.59 10.15| -0.44
CH3 15 2.69 269  0.00 oH 9
13¢c-No. HO_ g 7 6
1 138.0 126.9| -11.1 =~ N, O
2 1175 117.3 -0.2 o f
3 158.3 157.2 11|
4 101.8 101.7 -0.1
6 165.3
7 164.2 150.8| -13.4
8 101.0 1312 302
9 165.2 153.7| -115
10 104.4 104.4 0.0
11 138.3
12 975 98.2 07
13 109.2 109.5 03
14 152.7 151.9 -0.8
CH3 15 255 25.3 -0.2

Conclusion: All analytical data are consistent wvilte given structure of metabolite O1 at peak 1. A
detailed discussion of all aspects of the signaigasnents made is omitted here. However, the 8-
position of the additional hydroxyl group can beetyiconfirmed.

13.6.  Structural confirmation of the metabolite O2 at pe&k 2 (RT = 11.27 min)

The HPLC-UV chromatogram and the UV spectrum of pthefied peak 2 are shown in Figure 6.
'H NMR spectra are shown in Appendix A and the apomding mass spectrometric data in
Appendix B.The corresponding NMR data is given able 11. The assignments of the signals made
here are based mainly on the results of two-dineeraiNMR spectroscopy. A tabular form of all
observed cross peaks in COSY, HSQC and HMBC 2Dtspexe listed in Tables 28 and 29 in
Appendix C.
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Figure 6 HPLC-UV-Chromatogram and UV spectrum of the pudfiaetabolite O2 at peak 2
(RT=11.3min), purity approx. 90 %

Table 11 Comparison ofH and**C NMR chemical shiftsd] of AOH and 4-Hydroxy-AOH
(Peak 2 / O2) measured in CRICIMSO-D; (50:50)

4-Hydroxy-
'H-No.| AOH AOH delta
2 6,63 6,65 0,02
4 6,58 -6,58
8 6,31 6,32 0,01
10 7,18 7,20 0,02
OH 3 10,05 9,48| -0,57
OH4 8,92 8,92
OH7 11,75 11,83 0,08 OH o
OH9 10,59 10,52| -0,07
CH3 15 2,69 2,63| -0,06 8
1Bc-No.
1 138,0 126,2| -11,8
2 1175 116,8 0,7| HO
3 158,3 146,6| -11,7
4 101,8 131,1 29,3
6 165,3
7 164,2 164,2 0,0
8 101,0 100,9 0,1
9 165,2 165,5 0,3
10 104,4 104,5 0,1
11 138,3
12 97,5 97,4 0,1
13 109,2 109,5 0,3
14 152,7
CH3 15 25,5 24,9 -0,6
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Conclusion: All analytical data are consistent wvilte given structure of metabolite O2 at peak 2. A
detailed discussion of all aspects of the signaigasnents made is omitted here. However, the 4-
position of the additional hydroxyl group can beetyiconfirmed.

13.7.  Structural confirmation of the metabolite O3 at pe& 3 (RT = 11.92 min)

The HPLC-UV chromatogram and the UV spectrum of pthefied peak 3 are shown in Figure 7.
'H NMR spectra are shown in Appendix A and the apomding mass spectrometric data in
Appendix B.The corresponding NMR data is given able 12. The assignments of the signals made
here are based mainly on the results of two-dinoer@diNMR spectroscopy. A tabular form of all
observed cross peaks in COSY, HSQC and HMBC 2Dtspexe listed in Tables 31 and 32 in
Appendix C.
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Figure 7 HPLC-UV-Chromatogram and UV spectrum of the pudfiaetabolite O3 at peak 3
(RT=11.9 min), purity approx. 93 %
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Table 12 Comparison ofH and®*C NMR chemical shiftsd of AOH and 10-Hydroxy-AOH
(Peak 3/03) measured in CRAIMSO-Ds (50:50)

10-Hydroxy-
'H-No.| AOH AOH delta
2 6,63 6,52| -0,11
4 6,58 6,46| -0,12
8 6,31 6,30| -0,01
10 7,18
OH 3 10,05 9,60| -0,45
OH7 11,75 11,46 | -0,29
OH9 10,59 26,33
OH 10 26,33 oH Q
CH3 15 2,69 248| -0,21
13C-N0. 8
1 138,0 138,9 0,9 9
2 117,5 115,3 22| o
3 158,3
4 101,8 100,1 -1,7
6 165,3
7 164,2 158,9 -5,3
8 101,0 96,9 -4,1
9 165,2
10 104,4 139,0 34,6
11 138,3
12 97,5 95,3 2,2
13 109,2
14 152,7
CH3 15 25,5 24,0 -1,5

Conclusion: All analytical data are consistent wvifie given structure of the metabolite O3 at peak 3
A detailed discussion of all aspects of the sigaedignments made is omitted here. However, the
10-position of the additional hydroxyl group candugely confirmed.

13.8.  Structural confirmation of the metabolite O4 at pe&k 4 (RT = 12.82 min)

The HPLC-UV chromatogram and the UV spectrum of pheified peak 4 are shown in Figure 8.
'H NMR spectra are shown in Appendix A and the apomding mass spectrometric data in
Appendix B.The corresponding NMR data is given able 13. The assignments of the signals made
here are based mainly on the results of two-dinoeraiNMR spectroscopy. A tabular form of all
observed cross peaks in COSY, HSQC and HMBC 2Dtspece listed in Tables 34 and 35 in
Appendix C.
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Figure 8 HPLC-UV-Chromatogram and UV spectrum of the pudfiaetabolite O4 at peak 4
(RT=12.8 min), purity approx. 89 %

Conclusion: All analytical data are consistent wvilte given structure of metabolite O4 at peak 4. A
detailed discussion of all aspects of the signaigasnents made is omitted here. However, the 2-
position of the additional hydroxyl group can beetyiconfirmed.

The assignments made in the literature of indiiduatabolites to the retention times have thus
proven to be consistently accurate (Figure 9).
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Figure 9 Assignments of the retention times of the oxidativetabolites O1-O4 according to
Pfeiffer et al. (2007)
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Table 13 Comparison ofH and**C NMR chemical shiftsd] of AOH and 2-Hydroxy-AOH
(Peak 4 / O4) measured in CRICIMSO-Ds (50:50)

2-Hydroxy-
'H-No. AOH AOH delta
2 6,63 -6,63
4 6,58 6,68 0,10
8 6,31 6,31 0,00
10 7,18 7,24 0,06
OH 2 8,23 8,23
OH 3 10,05 10,18 0,13
OH 7 11,75 11,85 0,10
OH 9 10,59 10,49 -0,10
CH3 15 2,69 2,60 -0,09
“C-No.
1 138,0 121,8 -16,2 OH o)
2 117,5 1415 24,0
3 158,3 147,2 -11,1
4 101,7 101,0 -0,7
6 164,9 nd
7 164,3 164,4 0,1
8 100,9 100,8 -0,1
9 165,2 165,1 -0,1
10 104,3 104,4 0,1
11 138,2 nd
12 97,5 98,0 0,5
13 109,2 109,4 0,2
14 152,7 145,1 -7,6
CH3 15 25,4 15,9 9,5
14. Identity and GC peak confirmation of the oxidized netabolites of AOH (NMR/MS)

The gas chromatic separation of the trimethylsisdaAOH metabolites shows a different retention
order in comparison with the HPLC separation. Hoevethe assignment of the individual metabolites
was successfully performed using the identifiedkpeat samples from the previous section for the
GC-MS analysis. The peak sequence obtained id)eumtore, consistent with the results from the
work of Schebb (2005). The four metabolites werenitaoed in GC-MS on the base ion'z 547.
Figure 10 shows the general formation of the baseniz 547 from the individual trimethylsilylated
AOH metabolites ¥z 562) and Table 14 illustrates the assignments nfiadé¢he obtained peak
sequences in LC and GC.
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Table 14 Mapping of the hydroxylated AOH metabolites witke fheak sequence obtained from
different HPLC and GC separations

HPLC-MS (Fh-ITEM)| GC-MS (Schebb 2005) GC-MS (Fh-NIE
8-hydroxy-AOH 10-hydroxy-AOH 10-hydroxy-AOH
10.48 min 19.1 min 18.2 min
4-hydroxy-AOH 4-hydroxy-AOH 4-hydroxy-AOH
11.27 min 20.3 min 19.4 min
10-hydroxy-AOH 8-hydroxy-AOH 8-hydroxy-AOH
11.92 min 21.4 min 20.2 min
2-hydroxy-AOH 2-hydroxy-AOH 2-hydroxy-AOH
12.82 min 22.6 min 21.3 min

(Schebb 2005

N—r

10-hydroxy-AOH
e M[z 547

b d — M/z 459
2-hydroxy-AOH

Intensity

4-hydroxy-AOH
8-hydroxy-AOH

A Jx.

AOH k

time [min]

Figure 10 Gas chromatograms of AOH and its four hydroxy! rhetiées traces in rat microsome
extract. AOH monitored onmm/z 459. Metabolites monitored omvz 547. All
assignments made are approved by references mamettie corresponding HPLC
peak cuts. Box on top: Comparison with similar hessof Schebb (2005).
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Figure 11 lllustration of the EI-MS triggered formation ofetlbase iom/z 547 (100%) from the

four trimethylsilylated oxidative metabolites. Thase ion represents the [M-15)n

of monohydroxylated AOH independent of the indhatl®H binding site. However,
all possible trimethylsilylated OH binding siteseanarked in purple for the ion m/z
557. Note in reality it is only one trimethylsilygad OH group for each represented
metabolite implemented.
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15. Results of the dose range finding study

AOH proved to be nontoxic at doses up to 2000 mgékgn after repeated application. Body weight
data are given in Table 15.

Table 15 Body weight data (g) of the dose range finding gtud

Dose | sex Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6Day 7
mg/kg (Treatment)
50 male 36.8 38.1 38.3 38.9 39.9 39.6 38.6 38.3
50 female 311 30.7 29.8 30.4 30.9 314 31.7 30.0
100 | male 43.1 44.1 44.4 45.0 44.1 447 44.6 43.7
100 | female 324 32.0 31.8 31.0 31.8 31.3 31.1 31.0
300 | male 39.9 39.4 39.3 40.4 40.0 41.0 39.3 394
300 | female 35.9 35.7 35.3 34.3 355 36.1 35.8 35.9
1000 | male 41.1 40.3 39.6 40.2 38.7 39.2 39.2 38.9
1000 | female 30.4 30.3 30.7 31.6 31.6 31.7 31.9 311
2000 | male 45.6 46.9 46.8 46.3 46.2 45.8
2000 | female 334 33.3 34.1 33.1 334 333

Treatment on three consecutive days
2000 | male 40.1 39.5 39.5
2000 | female 34.1 34.5 33.6
16. Results of the radioactive toxicokinetic study

16.1. Animal data

Survival of animals and general health status

After administration of the test item, the mice wlked a normal general health status. No effect ef th
administration of Alternariol on the general heathtus was observed during the 7-day observation
period.

Body weights

Body weight data are presented in Table 16. Duttregrandomization process, the animals with the
greatest deviation from the group mean were rgjecte slight weight loss was observed in the

animals used in the excretion studies (Groups 13ntihis effect is not considered treatment relate

but due to the housing in metabolism cages forvoeek.
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Table 16 Body weight data (g)

Animal-No Day of Treatment Day of Necropsy (24 h) By of Necropsy (day 7)
1101 35.8 - 32.6
1102 36.5 - 35.1
1103 39.1 - 33.4
1104 38.6 - 33.4
2101 38.2 38.6 -
2102 35.9 38.9 -
2103 39.9 52.7 -
2104 37.2 50.7 -
3101 38.8 - 33.7
3102 37.2 - 39.0
3103 37.6 - 37.5
3104 37.0 - 33.4
4101 38.2 40.9 -
4102 37.8 40.3 -
4103 38.0 39.3 -
4104 37.0 37.0 -

Observations upon necropsy

Gross pathology upon necropsy of animals did nawshny treatment-related effects. Individual
organ weights were within the normal range for #fiecies, sex and age.

16.2. Radioactivity measurements

Radioactivity dose

Based on the actual radioactivity determined inapglication solution, the total radioactivity dqser
animal was calculated. A mean radioactivity of Bq was applied per animal and this value was
used for all calculations.

Excretion of Alternariol

84.5 + 6.4 % (low dose) and 90.7 + 4.3 % (high dla$ehe total“C activity were excreted via faeces
during the 7 day collection period. The main projor was excreted during the first 24 h. Urinary
excretion (i.e. activity recovered in urine and €agash samples) 6fC accounted for 9.3 + 1.3 %
(low dose) and 5.7 £ 0.7 % (high dose) of the toiade applied. Again, the main proportion was
excreted during the first 24 h collection interv@inly marginal**C activities were recovered in
exhaled air, the levels being 0.05 = 0.01 % and &00.01 % in the low and high dose group,
respectively.

Blood kinetics

Analysis of radioactive Alternariol in blood reved| that the proportion of the dose administered,
which was recovered in blood did not exceed 0.0éu¥ing the first 24 hours after administration.
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Tissue distribution

After 24 h 0.78 £ 0.4 % and 0.12 = 0.1 % of theedapplied was found in the low and the high dose
group, respectively. Highest radioactivity leveleres detected in the gastrointestinal tract accognti
for 98 % of the dose recovered. At the 7 day tinnepanly trace amounts of radioactivity were
detected.

Mass balance recovery

Mass balance recoveries obtained after 7 days satigfactory and accounted for 94 + 6 % in the low
dose group and 97 £ 4 % in the high dose groupléThD).

Table 17: Mass balance recoveries 7 days after oral admatiistr of **C-Alternariol to mice.
(% of total dose applied)
Animal Organs /
No Dose Faeces Urine Exhaled Aif Tissues Total
1101 78.81 8.54 0.043 0.002 87.40
1102 78.24 11.10 0.042 0.004 89.43
1103 (ch’(‘)’é?nogs}ig) 87.4d 9.76 0.058 0.002 97.22
1104 93.59 7.79 0.068 0.003 101.41
Mean 84.51 9.30 0.05 0.00 93.86
sD 6.35 1.26 0.01 0.00 5.70
3101 90.86 6.35 0.030 0.140 97.38
3102 _ 86.64 6.42 0.032 0.290 93.38
3103 (ngoDr?]Z?kg) 97.67 4.72 0.032 0.041 102.46
3104 87.7¢ 5.14 0.019 0.008 92.87
Mean 90.72 5.66 0.03 0.12 96.52
sD 4.30 0.74 0.01 0.11 3.85

* heart, lung, liver, spleen, stomach, small intestiarge intestine, muscle, kidneys, testes, adigasin, bone, blood
17. Results of the non-radioactive toxicokinetic study

17.1.  Survival of animals and general health status

After administration of the test item, the mice wied a normal general health status. No effect ®f th
administration of Alternariol on the general heathtus was observed during the 3-day observation
period.

17.2. Blood kinetics of AOH

In male and female NMRI mice receiving a singlel ai@se of 200 mg/kg body weight, blood levels
of AOH in the two-digit ng/mL range were detectedidg the first hours after application (see Table
18). After 6 h (males) and 24 h (females), AOH bldevels were below the limit of quantification.
Individual results are shown in Appendix D.
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Table 18 Blood levels of AOH as determined by HPLC-MS afteral application of
200 mg/mL AOH to NMRI mice
Time (h) MALES FEMALES
Mean AOH STDEV Mean AOH STDEV
(ng/mL) (ng/mL)
0.5 53.0 7.53 90.2 58.6
1 40.3 10.3 43.0 25.4
2 66.2 34.1 33.3 19.1
3 23.1 7.09 35.3 12.8
4 13.7* -- 41.3* --
5 14.7* -- 28.5 11.3
6 BLQ -- 27.1 --
24 BLQ -- BLQ --
48 BLQ - BLQ --

* single value
BLQ — below limit of quantification (10.8 ng/mL)

Toxicokinetic parameters were calculated using sbftware Kinetica® using group mean values
(Table 19). For these calculations, values belaavli®Q were set to ¥2 LOQ (5.4 ng/mL). The AUC
was computed using the Log Linear trapezoidal neetho

Table 19 Toxicokinetic parameters calculated from blood lsvafter oral application of
200 mg/mL AOH to NMRI mice

Parameter Unit Males Females

Cmax ng/ml 66,2 90,2

Tmax h 2 0.5

AUClast (h)*(ng/ml) 158.566 370.133

Lz (Elimination Rate Constant) 1/h 0.611118 0.073872

Thalf (Half-Life of Elimination) h 1.13423 9.15363

MRT (Mean Residence Time) h 2.34979 12.4518

Vz (Apparent Volume of Distribution) mg/kg/(ng/ml) 1.95498 5.98303

Cmax levels were comparable between males and femalesuating for 66.2 and 90.2 ng/mL,
respectively. Tax Was reached after 2 h in males and after 0.5ferimales. Elimination seemed to
occur slightly faster in males resulting in diffetd ., estimations in males and females, the values
being 1.13 h for males and 9.15 h for females.

17.3. Metabolism of AOH

Analysis of AOH metabolites was done in blood sasapf mice receiving 2000 mg/kg AOH. Two
animals, one male (3101) and one female (3201)uetea single oral dose and blood was taken 2 h
after application. Five additional animals wereatesl within the genotoxicity study with three
repeated oral doses at 0, 24 and 45 h and bloodiaks 3 h after the last treatment. Individualliss

are shown in Appendix F.

Three metabolites were found in blood, namely 4rbyg-AOH (O2), 10-hydroxy-AOH (O3) and
2-hydroxy-AOH (04). Absolute concentrations of timetabolites could not be determined, as the
limited availability of analytical standards didtradlow for a sound calibration for each metabolite
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17.4.  Urinary excretion of AOH and its metabolites

The excretion of AOH and its metabolites via unves followed in 5 male and 5 female animals over
3 days. Group mean values for AOH are given in @&l and calculated values for the total excretion
of AOH and its metabolites are given in Table 2idividual results are shown in Appendix E. Four
metabolites of AOH were detected in urine, namelyy8roxy-AOH (O1), 4-hydroxy-AOH (02),
10-hydroxy-AOH (O3) and 2-hydroxy-AOH (O4). Absautoncentrations of the metabolites could
not be determined with certainty as the limitedilabdity of analytical standards did not allow far
sound calibration for each metabolite. Howeveribcations of the metabolites were made from the
left-over samples of the HPLC cuts. The calibragiolo not meet the validation standard, but allow
semi-quantitative statements in ng/mL.

Table 20 Excretion of AOH in urine. Results are ng excreteban + SD of 5 animals are
shown
Males Females
Time (h) AOH Time (h) AOH
24 5099 + 7122 24 10438 + 8646
48 6579 + 5750 48 1804 + 801
72 2060 + 1671 72 136 £41
Table 21 Total excretion of AOH and its metabolites in urth&ing the 72 h collection period.

Note, that only the AOH data are based on a vadiaalibration method, whereas the
amounts of AOH metabolites are estimates

ACH 10-OH AOH | 4-OH AOH | 8-OH AOH | 2-OH AOH | Sum % of

Animal (ng) (ng) (ng) (ng) (ng) (ng) total dose
1101 23016 14 14 25 61 23131 0.394
1102 3111 5 6 0 11 3133 0.053
1103 16399 13 18 0 48 16478 0.280
1104 23975 143 38 669 147 24972 0.425
1105 2190 2 4 1 7 2205 0.038
1201 24104 27 18 0 49 24202 0.568
1202 6469 24 11 1 26 6530 0.153
1203 2554 13 6 0 13 2585 0.061
1204 84671 9 6 0 19 8501 0.199
1205 20094 65 12 90 36 20301 0.476
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18. Results of thein vivo comet assay pre-study

In the in vivo alkaline comet assay pre-study six negative arde8liS-treated (300 mg/kg body
weight, 4 h of oral exposure) animals were analysetterning direct DNA-damage. The intention of
the pre-study was to establish an appropriateipesiontrol protocol and to establish preparatibn o
single cell suspensions from stomach, gut, lung larest of NMRI mice. In addition the pre-study
aimed at generating first historical data. In tlegative control animals highest group mean Tl and
thus the highest basal DNA-damage was observeguiof8.7 + 2.19 %), followed by stomach (2.0 +
0.87 %), blood (0.1 + 0.03 %), and liver (0.1 +2.%). EMS was demonstrated to significantly
induce an increase in group mean Tl in blood, Jis¢gomach, and gut of male NMRI mice by using
the application protocol given above. Highest d@ffegere observed in gut (group mean TI: 21.5 +
4.39 %) followed by stomach (group mean TI: 6.1.290%), blood (group mean TI: 3.8 + 0.78 %)
and liver (group mean TI: 3.0 £ 0.45 %). The higheftects were thus obvious in the tissues of first
contact (see Figure 12).

30
*
I Control
25 4 [ 300mg/kg EMS
S 20 4
2
9@ 15 -
e
IS
= 10 -
|_ *%
**
5 1 Kk
I I
Blood Liver Stomach Gut
Figure 12 Results of thein vivo alkaline comet assay pre-study. Four hours befaifice

6 animals received orally 10 mL/kg body weight @fter as vehicle (negative control)
or 10 mL/kg body weight of an EMS solution (30 mgjmData represent group
means = SE of the medians of 50 nuclei per slidkteo slides per animal. * / **
significantly different from the respective negaticontrols: P< 0.05 / P< 0.01.
Mann-Whitney U-Test.
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19. Results of the combined mammalian erythrocyte microucleus test andn vivo alkaline
comet assay with Alternariol in mice

19.1. Observations and body weights

The test item AOH didn’t induce treatment-relategrtality or any signs of acute toxicity in the male
NMRI mice, used for both the mammalian erythrocgieronucleus test and the vivo alkaline
comet assay. By considering all treated animal$y ontwo of the AOH-treated animals slight
piloerection was noted at the day of the last apfithn/sacrifice. But concerning body weights, a
reduction in body weight, instead of body weighingavas observed for nine of 13 vehicle control
animals (group mean body weight development: -&.8432 g within 48 h; range: -3.1 to 1.1 g) and
eight of ten AOH-treated animals (group mean bodight development: -1.04 + 1.100 g within 48 h;
range: - 2.7 to + 0.9 g) between the first and st of application. As the mean body weight
development of the CP-treated animals (one ordicgtipn in tap water, 24 h before sacrifice and no
overnight starving before weighting at the day a€rffice) in the micronucleus test amounted to
+2.92 +1.910 g after 24 h with no animal dematstg body weight loss, the three applications with
corn oil £ AOH, with overnight starving prior to mhistration, obviously impeded body weight gain.
For the AOH-treated animals reduction in body weirglached statistical significande ¥ 0.05).

19.2.  Histopathology

Pathological as well as histopathological invesityes were done for all animals to exclude false
positive results in thén vivo alkaline comet assay due to excess cytotoxicittheftest item AOH.
There were no visible macroscopic findings in ahyh® NMRI mice, as examined during section.
Using formalin-fixed tissue, very slight, (multifal inflammatory cell infiltration was noted within
the liver of five vehicle controls animals, thre©H-treated animals and one EMS-treated animal.
This lesion represents a common background findingiice and was thus judged to be without
relation to treatment. In the mucosa of the glamdstomach of one corn oil-treated animal a very
slight focal epithelial degeneration was found. ldger, this area was so small in comparison to the
remaining normal mucosa that influence on the rmsge comet assay results seems unlikely.
Interestingly, within the jejunum of five animaladain the duodenum of one animal of the EMS-
treated group very slight luminal cellular debriaswisible within the crypts. But the amount of
degenerative cells was very small in comparisaiéoremaining unchanged cells. Thus, no influence
on the results of the comet assay can be expeklieather investigated tissues such as bone marrow,
cecum, colon, oesophagus, forestomach, gall bladdem and rectum were within normal limits. In
conclusion, the histopathological investigatione@ed neither necrosis or degenerative changes of
the epithelium of the gastrointestinal tract noarfes within the liver that might have interfereithw
the conducted investigations.

19.3.  Mammalian erythrocyte micronucleus test

The mammalian erythrocyte micronucleus tiestivo with bone marrow of male NMRI mice was
performed to assess the potential of the food ceintant AOH to induce DNA/chromosome damage
and/or to disturb chromosome distribution afteresgpd exposure (3 x 2000 mg/kg). The results of the
mammalian erythrocyte micronucleus test will becdégd in more detail in the GLP-conform final
report. This report will be available on request.

Bone marrow cytotoxicity

As assessed by differential cell counting of bonarrow smears, AOH in the given dose (3 x
2000 mg/kg body weight) did not significantly inflace red blood cell (RBC) formation in male
NMRI mice (see Table 22). The mean ratio of polpohatic erythrocyte (PCE) to the whole RBC
fraction amounted to 111 + 9.8 PCE/200 RBC comp#&oetD7 + 14.2 PCE/200 RBC for the vehicle
control. The positive control CP also demonstratedrepression of RBC formation with a mean
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number of 107 + 9.6 PCE/200 RBC.

Table 22 Red blood cell formation and micronucleus inductioibone marrow cells of male
NMRI mice after oral exposure to corn oil (3 x 10kg), AOH (3 x 2000 mg/kg) or
cyclophosphamide monohydrate (1 x 60 mg/kg)

Treatment group Dose sampling time | PCE/200 RBC PCE:NCE MN/2000 |% MN PCE

PCE
Vehicle control. 3 x 10 ml/kg b.w. 106.6 +14.24 | 1.18 +0.329 3.8+ 3.5 0.19
Corn ol p.o.48 h
Positive control. 60 mg /kg b.w. 107.4+958 | 1.18+0.232 79.0+1056* 3.95
CP p.0. 24 h
Test item. 3 x 2000 mg/kg b.w.
AOH 5.0.48 h 111.2 +9.76 1.28 +0.266 3.0 +1.41] 0.15

PCE: Polychromatic erythrocytes; NCE: Normochromatigthrocytes; RBC: Red blood cells; MN: Micronuclei; /N
PCE: Percent micronucleated PCE; Significantly défifie from vehicle controls: **P < 0.01. U-test according to Mann-
Whitney (two-group comparisons versus vehicle adsjr

Micronucleus induction

Under the specific treatment conditions used, AQH mbt significantly enhance the number of
micronuclei in PCE of the bone marrow of male NMRice (see Table 22). Mean micronucleus
frequency of the AOH-treated mice amounted to 3.0.44 micronuclei/2000 PCE (range: 2 to 5),
compared to 3.8 + 3.56 micronuclei/2000 PCE (rarigéo 10) for the vehicle control group. All
vehicle- and AOH-treated animals, except for onedmah of the vehicle control group
(20 micronuclei/2000 PCE), exhibited micronuclerejtiencies within the historical negative control
range for male NMRI mice 48 h after treatment (@ristl range: 1 to 9 micronuclei/2000 PCE). In
contrast, as expected, the positive control CPRifgigntly induced micronucleus formation in PCE of
the bone marrow, with a mean micronucleus frequefid@.0 + 10.56 micronuclei/2000 PCE (range:
67 to 88;P < 0.01). Micronucleus frequencies of all positiventrols fell within the range of the
historical positive controls 24 h after treatmdristorical positive control range: 58 to 221).

Conclusions

As there was no bone marrow toxicity, the vehiclentmls demonstrated low spontaneous
micronucleus frequencies, and the positive contethibited significantly higher micronucleus
frequencies, compared to the vehicle controls,pilesent mammalian erythrocyte micronucleus test
was performed properly and can be judged as validler the restrictions of this assay and the
experimental conditions and dose used Alternat@®H) is considered non-mutagenic in immature
bone marrow erythrocytes (PCE) of male NMRI mice.
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19.4. Invivo alkaline comet assay

Thein vivo alkaline comet assay with stomach, gut, and lofemale NMRI mice was performed to
assess the potential of the food contaminant AOkhdace DNA-single and —double strand breaks
after repeated exposure (3 x 2000 mg/kg) and timestdyenotoxicity in the organs of first contact,
after oral application, as well as in one systeargan. The results of the study will be presented i
more detail in the GLP-conform final report depigtiall results and relevant data of the combined
mammalian erythrocyte micronucleus andivo alkaline comet assay study.

Tail intensity

For data evaluation of the vivo alkaline comet assay group mean tail intensitlesived from four

up to ten animals per group and organ and the roktre medians of three slides per organ were used
as the primary endpoints. Data for all groups arghis are given in Table 24. Three of 13 vehicle
control animals had to be eliminated from statiti@nalyses due to a technical problem with the
agarose temperature during slide generation, whicto artificially high Tl values. For some anirsal

in both treatment groups, slides generated fromtigstie were not analysable (see Figure 13 for
representative slide regions of all treatment arghms). For this reason, the number of analysable
animals concerning gut tissue and Tl was reduced (6OH and EMS treatment) and 4 animals
(vehicle control). Concerning analysis of hedgehqdausible analysis was impossible for all gut
samples in the vehicle control group and for 5 ahénn the other two treatment groups because these
slides demonstrated > 95 % hedgehogs.

Liver: In the liver, as systemic organ, corn oikdaAOH-treated animals demonstrated comparable
group mean Tl of 0.9 + 0.48 and 0.9 + 1.42 %, retpely, indicating no systemic clastogenic effect
of AOH in NMRI mice, which was in line with the nd¢s of the micronucleus test. When compared
with the pre-study (mean TI: 0.1 £ 0.02 %), groupam TI of the vehicle controls and also the TI
values of the single animals were higher, perhapstipg to some effect of corn oil as vehicle.
Maybe, for this reason the EMS positive controkeed demonstrated a higher group mean TI value of
1.3 £ 0.53, but the difference between vehicle gquditive control did not reach statistical
significance. EMS was applied only once in tap wate

Stomach: In the stomach, as the tissue of firstamnthe vehicle control animals unexpectedly
demonstrated the highest group mean Tl of 25.9.431% with a very wide range of the means of the
medians for the different animals. In contrast, Al@H-treated animals (lower “corn oil” dose thae th
vehicle control, due to high amount of AOH) shoveetbwer group mean Tl value of 9.2 + 7.83 %
with a markedly lower range. The positive contrtl& (applied in tap water) exhibited the lowest
group mean Tl value, amounting to 5.3 + 2.39 withakedly lower range compared to both corn oil
and AOH. As the EMS group mean TI value resembled of the pre-study (6.1 + 0.29 %), the
methodology seemed to be performed adequately,timre seemed to be disturbance of slide
generation by corn oil treatment of the animalds™mas also obvious by a different behaviour of the
tissue when isolating the cells by scraping. Thigvanted effect of corn oil was reproducible when
analysing additional animals in a repeat test.tRigrreason, no conclusions can be drawn concerning
direct genotoxic activity of AOH in the stomach.

Gut: Gut tissue seemed to be even more prone talitarbing effect of corn oil treatment on
generation of tissue slides for thevivo alkaline comet assay. In the vehicle control groaly 4 of

13 animals could be analysed. The only animal gwbjh could be analysed adequately, was the
positive control group (EMS, applied in tap wateith a group mean Tl value of 20.1 + 8.82%, which
was nearly identical to the group mean TI valughef pre-study (21.5 + 4.39 %), again indicating
correct performance of the test. Unfortunatelypale conclusions can be drawn concerning direct
genotoxic activity of AOH in the gut.

EFSA supporting publication 2014:EN-679 >0

The present document has been produced and adoptkd bodies identified above as author(s). Té& has been carried out exclusively
by the author(s) in the context of a contract betwthe European Food Safety Authority and the a(ghoawarded following a tender
procedure. The present document is published congplyith the transparency principle to which thetiarity is subject. It may not be
considered as an output adopted by the Authorte European Food Safety Authority reserves itstsighiew and position as regards the
issues addressed and the conclusions reached pnetient document, without prejudice to the rigffitthe authors.



\

Z Fraunhofer

ITEM Toxicokinetics and genotoxicity of Alternariol
Table 23 Analysable animals, group mean tail intensities] &l intensity ranges of liver,
stomach, and gut tissue from male NMRI mice aftat exposure to corn oil (3 x 10
mL/kg), AOH (3 x 2000 mg/kg), or ethyl methanesubite (1 x 300 mg/kg)
Tissue Treatment | Treatment | Analysable TI [%0] TI [%]
group animals | group mean + SD range
1 Corn oil 10 0.9+0.48 02-14
Liver 2 AOH 10 09+1.42 0.1-4.4
4 EMS 10 1.3+0.53 06-21
1 Corn oil 10 25.9+14.43 7.3-46.1
Stomach 2 AOH 10 9.2+7.83 3.4-28.7
4 EMS 10 5.3+2.39 3.0-10.8
1 Corn oil 4 459+9.9 32.2-54.9
Gut 2 AOH 7 43.0 £19.70 3.9-67.0
4 EMS 7 20.1+8.82 6.2-35.4

AOH: Alternariol; EMS: Ethyl methanesulfonate; Tlail intensity; SD: Standard deviation. Data wesanded to get one
decimal place only.

Corn oil

h .--
- -._

Representative pictures of slide regions from itheivo alkaline comet assay with
liver, stomach, and gut tissue from male NMRI mé&tter oral exposure to corn oil
(3 x 10 ml/kg), AOH (3 x 2000 mg/kg), or ethyl matiesulfonate (1 x 300 mg/kg)

Figure 13
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Hedgehogs

Analysis of percent hedgehogs was used, besidagphatbology, to get an idea concerning cytotoxic
effects of AOH in the analysed tissues (see Talh)e I the liver no hedgehogs (vehicle control) or

only a very small percent of hedgehogs (AOH and Bk&tment) was noted, indicating accurate
performance of the test and no AOH-related hepaiotactivity. For stomach and gut percent

hedgehogs well reflected the situation, as alse®miesl by Tl analysis. For the corn oil slides no

meaningful data could be generated for gut tistueaddition, for the stomach percent hedgehogs
were also maximal for the vehicle control animalgh a lower percentage of hedgehogs for the slides
of AOH-treated and EMS-treated animals.

Table 24 Analysable animals, percent hedgehogs, and ramgeasetigehogs of liver, stomach,
and gut tissue from male NMRI mice after oral expesto corn oil (3 x 10 ml/kg),
AOH (3 x 2000 mg/kg), or ethyl methanesulfonate @00 mg/kg)

Tissue Treatment | Treatment | Analysable Hedgehogs Hedgehogs
group animals [%0] range: sum/3 slides
1 Corn oil 10 0.0 0-0
Liver 2 AOH 10 0.2 0-2
4 EMS 10 0.7 0-8
1 Corn oil 10 7.1 1-26
Stomach 2 AOH 10 2.5 0-9
4 EMS 10 2.3 0-11
1 Corn oil n.a. n.a. n.a.
Gut 2 AOH 5 5.1 528
4 EMS 5 5.7 9-28

AOH: Alternariol; EMS: Ethyl methanesulfonate; nldot analysable, > 95 % hedgehogs.

Conclusions

As the EMS-treated animals demonstrated group rméaalues which clearly resembled that of the
pre-study, and especially for liver tissue, neamty significant induction of DNA-strand breaks and
occurrence of hedgehogs was noted, the method@egyge was performed properly. Based on the
received data it can be concluded, that under dés#rictions of this assay and the experimental
conditions and dose used, Alternariol (AOH) does induce direct systemic genotoxicity in liver
tissue of male NMRI mice. This is in line with tabsence of micronucleus induction in bone marrow
cells in the parallel mammalian erythrocyte micrdeus test. Unfortunately, no judgement can be
made on local genotoxicity of AOH in the gastrogtieal tract, as in the absence of significant
treatment-related histopathologic changes, corredtment, perhaps in combination with overnight
starving, seems to interfere with tissue/slide arapon from stomach and gut, perhaps by decreasing
cells’ resistance to mechanical and/or chemicaksstr Consequently, investigation of local
genotoxicity of AOH in the gastrointestinal tragt the in vivo alkaline comet assay seems only
possible by using other application modes thangaghge in corn oil, for example feeding of AOH.
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CONCLUSIONS AND RECOMMENDATIONS

The results of the present study suggest that malsginal amounts accounting for less than 0.1% of
the dose applied become bioavailable and reackytstemic circulation after oral application. The
main proportion of the oral dose (85 to 91 %) isidly excreted vie faeces. Up to 11 % of the total
radioactivity dose was recovered in urine. Thisulteis inconsistent with the low radioactivity ldge
detected in blood and tissues, as it has to gdépdralassumed that the fraction that is excreted vi
urine has been absorbed before. We thus conclude ADH undergoes extensive first pass
metabolism in the liver and that the fraction absdr from the intestine is in large part rapidly
metabolized and excreted via urine without reachimg systemic circulation. This hypothesis is
supported by the fact that only 0.1 to 6 % of tlhisedapplied was detected in urine as AOH or
hydroxylated metabolites in the non-radioactivedgtuThis result suggests that other as yet
unidentified metabolites contribute to the radioaist recovered in the urinary fraction. Most likel
AOH undergoes conjugation reactions to form glunaes or sulphates. For future studies, we
recommend non-target analysis of AOH metabolitddaod and urine in order to gain insight into the
metabolic fate of AOH.

Mice tolerated the oral application of AOH up tcsde of 2000 mg/kg BW without any impairment of
their general health status. Furthermore, AOH aidsignificantly enhance the number of micronuclei
in PCE of the bone marrow of male NMRI mice andhiss considered non-mutagenic in immature
bone marrow erythrocytes (PCE) of male NMRI migeatdition, thein vivo alkaline comet assay
with liver tissue of AOH-exposed NMRI mice also icated lack of systemic genotoxicity of AOH.
Lack of a significant toxic/genotoxic potential &OH in vivo might thereby be based on the limited
amounts of AOH reaching systemic circulation, opidametabolism to non-(geno)toxic metabolites
excreted via urine, or also real absence of mageabtoxicity in systemic tissues. As assessed in
blood of five animals, in parallel to the combin@@mmalian erythrocyte micronucleus test amd
vivo alkaline comet assay, blood concentrations of abdupuM AOH were reached three hours after
the last application of 3 x 2000 mg/kg body weigkttis concentration range was also used ininthe
vitro assays with AOH and gave mostly borderline or tegaresults. Interestinglyin vitro
mutagenicity tests with AOH were always performeithout an external metabolizing system, like
S9-mix, thus ignoring potential metabolic inactisatof AHO, which is likely to occuim vivo, and
which might be responsible for the lack in systemenotoxicity. For examples Fleck et al. (4)
investigated mutagenicity of AOH and othternaria toxinsin vitro, using theHPRT mutagenicity
test with V79 cells, a cell type with a short dangltime and nearly no potential to metabolize iigme
substances. They detected a significant increasmutant frequency from 10 uM upwards. By
considering the absence of systemic genotoxicity avarked cytotoxicity in the present study,
irrespective of a very high dose, which was sumubhly the parallel histopathological investigatidn

a broad panel of organs, the obviously high metalmbdification of AOHin vivo and also the lack
of data concerning genotoxicity in the presenca aofetabolizing system, AOH seems relatively safe
when reaching systemic circulation. For a judgemeonhcerning local genotoxicity in the
gastrointestinal tract however, it would need fartimvestigations with another application modentha
suspending AOH in corn oil. Interestingly, anvitro study by Fleck et al (4), who investigated the
genotoxicity of severablternaria mycotoxins using thélPRT test and the alkaline DNA unwinding
assay, pointed to a significantly about 50-timeghbr mutagenicity of anothédternaria toxin, i.e.
Altertoxin Il, compared to AOH and alternariol mgtlkether. Furthermore, Schwarz et al. (5), tested
extracts ofAlternaria alternata infested rice, which were fractionated using prapee HPLC. The
resulting fractions were subsequently tested footxicity using the FPG-modified comet assay and
the fractions compared to single compounds. Fragr tiesults, the authors concluded that the main
secondary metabolites of AOH, i.e. tenuazonic aaid alternariol monomethyl ether, play only a
minor role for the genotoxic properties of the agts. Thus, AOH seems not to play the predominant
role for toxicity and genotoxicity in the group éfternaria toxins. Studies aiming to identify the
highly mutagenic compounds producedAbiernaria species are warranted.
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The biggest obstacle in performing a toxicokinstiedy with mycotoxins is the sourcing of sufficient
amounts/quantities of the test materials and thepedive internal standards for subsequent
guantitative bioanalysis. A feasible approach t@roeme this issue might be the extraction of
mycotoxins from mould cultures rather than attermgptiheir costly synthesis. The replacement of D-
glucose byC labelled D-glucose in the culture media can tlue facilitate the biosynthesis 6€
labelled mycotoxins, which can then be appliedndsrinal standards in LC-MS based bioanalysis /
validation. The unambiguous identification of thgawotoxins obtained this way can be achieved by
NMR spectroscopy in combination with LC-MS.
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APPENDICES

Appendix A. 1H NMR spectra of the oxidized metabotes
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Figure 14 Annotated 'H NMR spectrum of 8-hydroxy-AOH (peak 1) dissolveih
CDCIly/DMSO-Ds (50:50)
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Figure 15 Annotated 'H NMR spectrum of 4-hydroxy-AOH (peak 2) dissolveih
CDCIly/DMSO-Ds (50:50)
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Figure 16 Annotated 'H NMR spectrum of 10-hydroxy-AOH (peak 3) dissolveit
CDCIly/DMSO-Ds (50:50)
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Figure 17 Annotated 'H NMR spectrum of 2-hydroxy-AOH (peak 4) dissolveih
CDCIly/DMSO-Ds (50:50)
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Appendix B. MS spectra of the oxidized metabolites
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Figure 18 MS (uppermost) and MS fragmentation spectra of 8rbyy-AOH (Peak 1) in the
negative ion mode. The blue diamond always indictlte selected pre-cursor ion in
the fragmentation spectra. The main fragments oéthin MS (second spectrum
from the top) were further fragmented in the subset|MS spectra.
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Figure 19 MS (uppermost) and MS fragmentation spectra of drblyy-AOH (Peak 2) in the
negative ion mode. The blue diamond always indgc#ite selected pre-cursor ion in
the fragmentation spectra. The main fragments oethin MS (second spectrum
from the top) were further fragmented in the subsegqMS spectra.
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Figure 20 MS (uppermost) and MS fragmentation spectra of @rbixy-AOH (Peak 3) in the
negative ion mode. The blue diamond always indgc#ite selected pre-cursor ion in
the fragmentation spectra. The main fragments oéthin MS (second spectrum
from the top) were further fragmented in the subset|MS spectra.
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Figure 21 MS (uppermost) and MS fragmentation spectra of @rbiyy-AOH (Peak 4) in the
negative ion mode. The blue diamond always indgc#ite selected pre-cursor ion in
the fragmentation spectra. The main fragments oéthin MS (second spectrum
from the top) were further fragmented in the subsegqMS spectra.
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Appendix C. 2D NMR spectra of the oxidized metabadies

Table 25 Observed COSY crosses of 8-Hy-droxy-AOH (Peak 1asueed in CDGl DMSO-

Ds (50:50)
H-2 H-4 | H-10 | H-15 | OH-7
H-2 X X
H-4 X X
H-10 X
H-15 X X X
OH7

Table 26 Cross peaks observed in HSQC (black) and HMBC (MR spectra of 8-Hydroxy-
AOH (Peak 1) measured in CDMMSO-Ds (50:50). Number of coupling bonds and
type of coupling are given according to the currernenclature.

H-2 |H-4 H-10 H-15 | OH-3 OH-7 OH-8 OH-9
c-1 2Jcn
C-2 |1deu|33ch 3Jch
C-3 |2Jc
C-4 |3Jcn| Lk

C-7 2Jcu
C-8 3J CH 3J CH

C-9 2JcH
C-10 ey | 5
C-11
C-12 3JcH 3JcH
C-13 |3Jch | 3Jcy | 3Jcn | 3IcH
C-14 2J
C-15 Ly

only found in spectra with sharp OH-signals

Table 27 Observed ROESY crosses of 8-Hydroxy-AOH (Peak 1asue=d in CDGIDMSO-

Ds (50:50)

H-2 |H-4 |H-10 |H-15 |OH-3 |OH-7 |OH-8 | OH-9
H-2 m w
H-4 w
H-10 S W
H-15| m S
OH-3| w | w
OH-7
OH-8
OH-9 W

S = strong. m = medium. w = weak
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Table 28 Observed COSY crosses of 4-Hy-droxy-AOH (Peak 2asueed in CDGl DMSO-

Ds (50:50)
H-2 | H-8 | H-10 | H-15 | OH-7
H-2 X
H-8 X
H-10 X X
H-15| X X
OH7

Table 29 Cross peaks observed in HSQC (black) and HMBC (MR spectra of 4-Hydroxy-
AOH (Peak 2) measured in CDMMSO-Ds (50:50). Number of coupling bonds and
type of coupling are given according to the currerenclature.

H-2 |H-8 |H-10 |H-15 |OH-3 |OH-4 |OH-7 |OH-9
c-1 2]k
C-2 |1y 3Jcn
C-3 |23y
C-4 |3y 3Jcx
C-6
c-7 2] cx 2]
C-8 e | 3Jcn 3Jcn
c-9 2]k 2Jch
C-10 3Jen | Len | 5Ick 3J ek
c-11
C-12 A 3Jcn
C-13 | 3Jcy 3Jcn | 3Jden
C-14
C-15 1 cn

Table 30 Observed ROESY crosses of 4-Hydroxy-AOH (Peak 2asused in CDGIDMSO-

Ds (50:50)

H-2 |H-8 |H-10 |H-15 |OH-3 |OH-4 |OH-7 | OH-9
H-2 m W
H-8 w w
H-10 S w
H-15| m S
OH-3| w
OH-4
OH-7 w
OH-9 w w

S = strong. m = medium. w = weak
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Table 31 Observed COSY crosses of 10-Hy-droxy-AOH (Peak 8xsared in CDGlI DMSO-
D¢ (50:50)
H-2| H-4| H-8 | H-15 | OH-7
H-2 X X
H-4 | X X
H-8
H-15| X X
OH7
Table 32 Cross peaks observed in HSQC (black) and HMBC (MR spectra of 10-
Hydroxy-AOH (Peak 3) measured in CRIEIMSO-Ds (50:50). Number of coupling
bonds and type of coupling are given accordindgp¢ocurrent nomenclature.
H-2 [H-4 |H-8 |H-15 |OH-3 |OH-7
C-1 2Jch
C-2 | Ly 3k
C-3
C-4 1Icy
C-6
C-7 2Jc 2JcH
C-8 ey 3JcH
C-9
C-10 3Jch
C-11
C-12 3Jcy 3JcH
C-13 | 3Jcy 3Jch
C-14
C-15 LIy
Table 33 Observed ROESY crosses of 10-Hydroxy-AOH (Peak &sured in CDGIDMSO-
D¢ (50:50)
H-2| H-4 | H-8 | H-15 |OH-3 |OH-7
H-2 m m
H-4 m
H-8
H-15| m
OH-3| m | m
OH-7
S = strong. m = medium. w = weak
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Table 34 Observed COSY crosses of 2-Hy-droxy-AOH (Peak 4asueed in CDGl DMSO-
D¢ (50:50)
H-4 | H-8 | H-10 | H-15 | OH-7
H-4 X
H-8 X
H-10 X X
H-15 | X X
OH7
Table 35 Cross peaks observed in HSQC (black) and HMBC (&R spectra of 2-Hydroxy-
AOH (Peak 4) measured in CDIIMSO-D; (50:50). Number of coupling bonds and
type of coupling are given according to the currerenclature.
H-4 |H-8 |H-10 |H-15 [OH-2 |OH-3 |OH-7 |OH-9
C-1 2Jch
C-2 | 3Jcy 3Jcy 3k
C-3 | 2Jcu 2Jch
C-4 |1JCH 3Jch
C-6
C-7 2Jcy 2JcH
C-8 Wen | 3Jcn 3Jen | 3Jen
C-9 2Jcn | 23cn Ay | 23ch
C-10 3Jch | Ven | Sdcu 3Jch
C-11
C-12 3Jcy | 3Jcn 3JcH
C-13| 3Jcy 3Jcn | 3Jcu
C-14 | 2Jcy
C-15 1Icy

only found in spectra with sharp OH-signals

Table 36 Observed ROESY crosses of 2-Hydroxy-AOH (Peak 4asue=d in CDGIDMSO-
D¢ (50:50)
H-4 |H-8 |H-10 [H-15 |OH-2 |OH-3 |OH-7 |OH-9
H-4 m
H-8 m
H-10 S m
H-15 S m
OH-2 m
OH-3| m
OH-7 m
OH-9 m m

S = strong. m = medium. w = weak
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Appendix D Results of AOH blood levels in male antemale NMRI mice

Table 37 Mouse (male) Blood kinetics of AOH - Dose group 2@@kg — blood (HPLC-MS)
Mouse - Male
AOH [ng /mL]
Rel STDEV
t [h] A B C D Mean STDEV
[%]
predose BLQ - - - BLQ* NA NA
0.5 49.9 44.3 64.9 53.0 53.0 7.53 14.2
1 22.8 47.6 42.7 48.2 40.3 10.3 25.6
2 29.0 37.0 88.6 110 66.2 34.1 51.6
3 16.6 24.7 17.0 34.0 23.1 7.09 30.7
4 13.7 BLQ BLQ BLQ 13.7% NA NA
5 BLQ BLQ BLQ 14.7 14.7 % NA NA
6 BLQ BLQ BLQ BLQ BLQ NA NA
24 BLQ BLQ BLQ BLQ BLQ NA NA
48 BLQ BLQ BLQ BLQ BLQ NA NA
BLQ = Below limit of quantification (below 10.8 ngL)
NA = Not applicable
* = Single Value
Mouse - Male
t [h] A B (o} D
predose Anzeiger 1 - - -
0,5 2101 2102 2103 2104
1 2105 2106 2107 2108
2 2109 2110 21 2112
3 2101 2102 2103 2104
4 2105 2106 2107 2108
5 2109 2110 21 2112
6 2101 2102 2103 2104
24 2105 2106 2107 2108
48 2109 2110 21 2112
Subject number code
1st Number group
2nd Number gender (1=male; 2=female)
3rd and 4th Number animal ID
6/
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Table 38 Mouse (female) Blood kinetics of AOH - Dose gro®hg/kg — blood (HPLC-MS)
Mouse - Female
AOH [ng /mL]
t [h] A B C D Mean STDEV Rel STDEV
[%]
predose BLQ - - - BLQ* NA NA
0.5 95.0 184 354 46.5 90.2 58.6 64.9
1 86.6 32.6 30.2 22.7 43.0 25.4 59.1
2 19.9 65.7 28.3 19.1 33.3 19.1 57.4
3 20.7 291" 33.5 51.8 35.3 12.8 36.1
4 BLQ 41.3 BLQ BLQ 41.3% NA NA
5 21.2 345 43.6 14.7 28.5 1.3 39.5
6 BLQ 35.3 BLQ 18.8 27.1 NA NA
24 BLQ BLQ BLQ BLQ BLQ NA NA
48 BLQ BLQ BLQ BLQ BLQ NA NA
BLQ = Below limit of quantification (below 10.8 nglL)
NA = Not applicable
* = Single Value
Mouse - Female
t [h] A B C D
predose Anzeiger 2 - - -
0,5 2201 2202 2203 2204
1 2205 2206 2207 2208
2 2209 2210 2211 2212
3 2201 2202 2203 2204
4 2205 2206 2207 2208
5 2209 2210 2211 2212
6 2201 2202 2203 2204
24 2205 2206 2207 2208
48 2209 2210 2211 2212
Subject number code
1st Number group
2nd Number gender (1=male; 2=female)
3rd and 4th Number animal ID
68
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Table 39 Calibration data AOH mice blood (HPLC-MS)

Regression
AOH
parameters

. . y=a*x+b; 1/x
Nominal concentration [ng / mL]

weighting
. 53 77 Interc
Date Matrix 10.8 26.9 53.8 86.0 108 269 430 Slope R?
8 4 ept
ID: 1
54 76
12. Aug 14
ua mice 129 232 521 783 111 266 450 2 1
blood 98 0.02 0.00 0.99
Accuracy [%] 120 86.3 96.9 91.0 103 99.0 105 101
.3 89 441 9z
ID: 2
68 78
14. Aug 14 .
mice 12.8 25.2 53.2 79.9 99.9 266 441 [
blood 12 10 0.00 0.00 0.99
Accuracy [%] 1719  93.8 99.0 92.9 92.9 99.0 103

7* 1 295 4617 9

* Accuracy > 115 %; does not comply with the EMA-guideline acceptance criteria;
standard was not included in regression

ID: 3
56 73
18. Aug 14 .
mice 12.3 25.8 48.5 79.2 1M1 263 454 8 3
blood 10 94 0.00 0.00 0.99
Accuracy [%] 174 96.0 90.2 92.1 103 97.9 106
6 .7 996 438 8
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Appendix E Results of urinary excretion of AOH andits metabolites in male and
female mice

Table 40 Mouse (male) Dose group - 200 mg/kg AOH; oral agion, urine (GC-MS)
Urinary excretion of AOH and its metabolites

Mouse - male; Matrix: Urine

AOH [ng] total
t[h]| 1101 [ 1102 | 1103 | 1104 | 1105 | Mean | STDEV | Rel STDEV [%]

24 | 5193 | 109 679 | 18861 | 652 | 5099 | 7122 140
48 | 12563 | 1578 | 14499 | 3169 [ 1088 | 6579 | 5750 87.4
72 | 5260 | 1425 | 1220 | 1945 | 450 | 2060 | 1671 81.1

area -% peak area ratios of metabolites to IS wenemed over all four metabolites and set in sum
to 100%. The peak area ratios of the individualainelites are accordingly indicated in% values.

Mouse - male; Matrix: Urine
03 = 10-hydroxy—-AOH [area - %]
t[h]| 1101 | 1102 | 1103 | 1104 [ 1105 [ Mean | STDEV | Rel STDEV [%]

24 | 5.01]5.77| NA | 15.60 | 8.61 | 8.75 4.18 47.7
48 | 1.08 | 5.35] 6.15 [ 13.80 | NA | 6.59 | 4.58 69.5
72 | 14.3]120.3|48.2] 20.9 | 14.1 | 23.5 12.6 53.7

Mouse - male; Matrix: Urine
02 = 4-hydroxy-AOH [area - %]
t[h]| 1101 | 1102 | 1103 | 1104 [ 1105 [ Mean | STDEV | Rel STDEV [%]

24 | 42.1]52.0] NA | 30.2 [49.3| 43.4 8.4 19.4
48 | 49.832.1]149.0| 44.1 |52.8| 45.6 7.29 16.0
72 | 43.7]146.923.4] 33.9 |42.8| 38.1 8.5 22.4

Mouse - male; Matrix: Urine
O1 = 8-hydroxy—-AOH [area - %]
t[h]| 1101 | 1102 | 1103 | 1104 | 1105 [ Mean | STDEV | Rel STDEV [%]

24 13.61 ] NA | NA | 31.30 | NA |17.46 NA NA
48 16.95| NA | NA NA NA | 6.95 NA NA
72 | 3.14|5.65| NA | 12.6 | 12.8 | 8.55 | 4.25 49.7

Mouse - male; Matrix: Urine
04 = 2-hydroxy-AOH [area - %]

t[h] [ 1101 1102 | 1103 | 1104 | 1105 | Mean | STDEV [ Rel STDEV [%]
24 |49.3[42.2| NA |22.90( 42.1] 39.1 | 9.8 25.1
48 | 42.1162.6 | 44.8| 42.1 |47.2| 47.8 7.63 16.0
72 |38.9(27.2 28.4| 32.7 [30.3] 31.5 | 4.15 13.2
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Table 41 Mouse (female) Dosis group - 200 mg / kg AOH; application, urine (GC-MS)
Urinary excretion of AOH and its metabolites

Mouse - female; Matrix: Urine

AOH [ng] total

t[h]| 1201 | 1202 | 1203 | 1204 | 1205 | Mean | STDEV | Rel STDEV [%)]

24 | 23433 | 5172 | 240 | 5752 | 1759510438 | 8646 83
48 596 | 1142 | 2140 | 2675 | 2469 | 1804 801 44.4
72 80 155 | 174 | BLQ | BLQ 136 41 29.9

area -% peak area ratios of metabolites to IS wenemed over all four metabolites and set in sum
to 100%. The peak area ratios of the individualaipelites are accordingly indicated in% values.

Mouse - female; Matrix: Urine

03 = 10-hydroxy-AOH [area - %]

t[h] | 1201 | 1202 | 1203 | 1204 | 1205 | Mean | STDEV | Rel STDEV [%]

24 |18.62]|24.4|69.6]15.7 |27.6] 29.2 21.3 72.9
48 | 27.6|21.014.96 | 16.6 | 22.3 | 18.5 7.61 41.2
72 | 64.9]147.5140.6]41.0|58.7] 50.5| 9.74 19.3

Mouse - female; Matrix: Urine

02 = 4-hydroxy-AOH [area - %]

t [h] | 1201 | 1202 | 1203 | 1204 | 1205 | Mean | STDEV | Rel STDEV [%)]

24 | 52.1]38.1]10.2150.8|34.9| 37.2 15.1 40.6
48 | 25.1|30.5]147.4|118.937.2] 31.8 9.83 30.9
72 13.18|7.8718.2] NA | NA | 9.76 | 6.29 64.4

Mouse - female; Matrix: Urine

O1 = 8-hydroxy-AOH [area - %]

t [h] | 1201 | 1202 | 1203 | 1204 | 1205 | Mean | STDEV | Rel STDEV [%)]

24 | NA |2.26| NA | NA [17.0] 9.61 NA NA
48 | NA [2.35]2.43| NA |5.42] 3.40 1.43 42.1
72 | NA | NA | NA | NA | NA NA NA NA

Mouse - female; Matrix: Urine

04 = 2-hydroxy-AOH [area - %]

t[h] [ 1201 | 1202 | 1203 | 1204 [ 1205 | Mean [ STDEV | Rel STDEV [%]
24 |39.3[35.3|20.233.5]|20.5[29.7 [ 7.9 26.5
48 |47.3 | 46.1|45.2|164.5| 35.1| 47.7 9.48 19.9
72 | 31.9 [44.7| 41.2|59.0] 41.3 [ 43.6 | 8.79 20.2
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Appendix F  Analysis of AOH metabolites in blood sarmles
Table 42 Metabolism of AOH: Dose group - 2000 mg / kg AOHaloapplication, blood (GC-
MS)
Mouse - Matrix: Blood
AOH [ng / mL] all animals
Rel
Rel STDEV STDE
t[h]| 3101 3201 206 207 208 | 209+ | 210+« | Mean | STDEV %] Mean v STDEV
[%]
male | female male male male | male | male
2 | 459 220 340 120 35 190 143 76
48 58.0| 112 | 331 89 60 130 118 90.9
area -% peak area ratios of metabolites to IS wersummed over all four metabolites and set in
sum to 100%. The peak area ratios of the individuaimetabolites are accordingly indicated in %
values.
Mouse - Matrix: Blood
03 = 10-hydroxy-AOH [area - %] all animals
Rel STDEV STDE Rel
t[h]| 3101 3201 206 207 208 | 209+ | 210+ | Mean | STDEV %] Mean v STDEV
[%]
2 10.35] 0.17 0.26 | 0.09 34.8 0.19 | 0.10 50
48 0.060.12]10.3210.15 ] 0.19 | 0.17 | 0.09 51.7
Mouse - Matrix: Blood
02 = 4-hydroxy-AOH [area - %] all animals
Rel STDEV STDE Rel
t[h]| 3101 3201 206 207 208 | 209+ | 210 | Mean | STDEV %] Mean v STDEV
[%]
2 10.20| 0.1 0.16 | 0.05 28.9 0.10 | 0.06 57
48 0.040.05] 0.11 1| 0.04|0.04 | 0.07 | 0.03 44.3
Mouse - Matrix: Blood
O1 = 8-hydroxy—-AOH [area - %] all animals
Rel STDEV STDE Rel
t[h]| 3101 3201 206 207 208 | 209+ | 210 | Mean | STDEV (%] Mean v STDEV
[%]
2 |0.00] 0.00 0.00 NA NA 0.00 [ 0.00 NA
48 0.00| 0.0 | 0.0 | 0.0 | 0.0 | 0.00 NA NA
Mouse - Matrix: Blood
04 = 2-hydroxy-AOH [area - %] all animals
Rel STDEV STDE Rel
t[h]| 3101 3201 206 207 208 | 209+ | 210+ | Mean | STDEV %] Mean v STDEV
[%]
2 |0.09( 0.03 0.06 | 0.03 46.9 0.05 | 0.03 52
48 0.000.00]0.03]0.00|0.00( 0.03 NA NA
* Note: the additional animals 209 and 210 werepkhd heavier than the others.
12
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Table 43 Calibration data AOH mice urine (GC-MS)

AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; no weighting
Datum Matrix 250 500 750 1000 2000 4000 6000 Intercept Slope R 2
ID: 6
20. Aug 14 mice urine 237 499 799 1015 1907 4062 5982 -
Accuracy [%] m/z 459 95,0 99,7 106 101 95,3 102 99,7 - -0,1610 1,81 0,999
50 100 150 200 250
ID: 7
22. Aug 14 mice urine 50,8 101 146 201 251 - - -
Accuracy [%] m/z 459 102 101 97,2 101 100 - - - -0,0754 2,04 0,999
AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; no weighting
Datum Matrix 10,00 25,00 50,00 75,00 100 Intercept Slope Re
ID: 1
28. Aug 14 mice blood 10,00 23,75 39.05* 75,80 96,72 - - -
Accuracy [%)] m/z 459 100 95,0 78,1 101 96,7 - - -
-0,0144 1,15 0,993
28. Aug 14 mice blood 11,60 25,82 44,18 78,95 102,5 - - -
Accuracy [%] m/z 459 116 103 88,4 105 103 - - -
* not included in regression
75,00 100 250 500
ID: 2
29. Aug 14 mice blood 73,37 103 252 463 - - - -
Accuracy [%] m/z 459 97,8 103 101 92,7 - - - -
0,0810 0,915 0,989
29. Aug 14 mice blood 69,41 95,75 263 531 - - - -
Accuracy [%] m/z 459 92,5 95,8 105 106 - - - -
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Appendix G Tentative calibration curves and estimabn of actual concentration values

of AOH and metabolites

Table 44 Estimation of actual concentration values (ng/nmdr) AOH and oxidized metabolites.
Note: only the AOH values are based on a valida#ditbration method, whereas the
metabolite values must be considered as tentatidepartially faulty (this applies in
particular for the values of O3). The metabolitaidations generally do not meet the
required guideline standard due to lack of samgl&emnal.

AOH AOH ng o3 o2 o1 o4 O3 ng 02 ng Olng | O4ng

Animal No.| Urine | gUrine | ng/mL total ng/mL | ng/mL | ng/mL | ng/mL total total total total

1101 0,13 | 399456 | 5192,9 | 2,17 5,26 2,56 | 21,20 | 0,28 0,68 033 | 2,76
1102 0,18 604,5 108,8 nn 2,69 nn 1,51 nn 0,48 nn 0,27
1103 24 h 1,52 446,8 679,1 nn nn nn nn nn nn nn nn

1104 0,92 20501,3 | 18861,2 140 29,61 714 131 129 27,24 657 121
1105 0.15 | 43488 | 6523 2,17 4,17 nn 9,64 0,33 0,63 nn 1,45
1201 2,49 | 94108 | 234329 | 4,75 5,71 nn 16,19 | 11,83 | 1422 nn 40,31
1202 1,06 | 48794 | 51722 | 1553 | 5,03 0,69 | 1548 | 16,46 | 5,33 0,73 | 16,41
1203 24h 0,73 | 3284 | 2397 | 12,71 | 2,72 nn 3,06 9,28 1,99 nn 2,23
1204 0,57 | 10090,4 | 5751,5 | 9,63 5,56 nn 1343 | 549 3,17 nn 7,66
1205 0,60 | 293250 | 17595,0 | 93,68 | 13,95 147 | 4360 | 56,21 | 837 88 26,16
1101 0,35 | 358950 | 12563,3 | 3,58 | 21,07 | 6247 | 100,81 | 1,25 737 | 21,86 | 3528
1102 0,39 | 40454 | 1577,7 nn 3,64 nn 14,00 nn 1,42 nn 5,46
1103 48 h 2,33 6222,9 | 14499,2 nn 5,34 nn 17,41 nn 12,44 nn 40,57
1104 1,07 | 29619 | 31692 | 4,55 4,27 nn 11,42 | 487 457 nn 12,22
1105 0,36 | 30224 | 10881 nn 4,02 nn 9,26 nn 1,45 nn 333
1201 0,50 | 11918 | 5959 5,86 3,07 nn 7,33 2,93 1,54 nn 3,67
1202 1,05 | 10872 | 11415 | 2,88 3,06 nn 5,84 3,02 3,21 nn 6,13
1203 48h 0,56 | 38217 | 2140,1 | 2,41 4,88 nn 1504 | 1,35 2,73 nn 8,42
1204 0,98 | 27294 | 2674,8 | 1,91 2,86 nn 8,09 1,87 2,80 nn 7,93
1205 0,62 | 3010,9 | 2469,0 | 8,08 3,08 2,62 9,44 6,63 3,26 215 | 7,74
1101 0,87 | 60459 | 5259,9 | 13,76 | 7,00 3,72 | 26,90 | 11,97 | 6,09 324 | 23,40
1102 1,07 | 13317 | 14249 | 448 3,73 nn 5,26 4,79 3,99 nn 5,63
1103 72h 1,98 6162 | 12200 | 645 2,93 nn 397 | 12,77 | 580 nn 7,86
1104 1,79 | 1086,3 | 19445 | 5,30 3,64 6,65 7,89 9,49 6,52 | 11,90 | 14,12
1105 0,57 789,7 | 450,1 2,10 3,39 2,39 4,65 1,20 1,03 136 | 2,65
1201 0,78 102,3 79,8 16,22 | 2,59 nn 580 | 12,65 | 2,02 nn 452
1202 1,00 1551 | 1551 | 4,13 2,58 nn 3,62 413 2,58 nn 3,62
1203 72h 0,39 | 4469 | 1743 5,80 2,76 nn 4,89 2,26 1,08 nn 1,01
1204 1,34 30,3 40,7 1,27 nn nn 2,34 1,70 nn nn 3,14
1205 1,48 22,8 33,8 1,64 nn nn 1,74 2,43 nn nn 2,58

O1 = 8-hydroxy-AOH; O2 = 4-hydroxy-AOH; O3 = 10-hyay-AOH; O4 = 2-hydroxy-AOH, values in bold aretside the
calibration range
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Calibration data of 01

LvLID Amount (ratio) Response (ratio) bias (%) Data File
3 0.0100 0.001134 -7.11 D:\Data\SG14\AOH\Blut\Snapshot\SG170902.D
2 0.0200 0.002095 8.82 D:\Data\SG14\AOH\Blut\Snapshot\SG170903.D
3 0.0500 0.003947 -2.33 D:\Data\SG14\AOH\Blut\SG170904.D
5 0.2000 0.014627 0.07 D:\Data\SG14\AOH\Blut\SG170906.D
01
Response Ratio

4 g
1.40e-002
1.20e-002—
1.00e-002
8.00e-003
6.00e-003+
4.00e-003 ]
2.00e-003 o

a
0 T T T T T T T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Amount Ratio
Resp Ratio = 7.051e-002 * Amt + 5.152e-004
Coef of Det (r*2) = 1.000 Curve Fit: Linear

Figure 22
for the calculation in Table 44

Tentative calibration curve (not guideline compt)aaf 8-hydroxy-AOH (O1) used
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Calibration data of 02

LvLID Amount (ratio) Response (ratio) bias (%) Data File
1 0.0100 0.015897 77.05 D:\Data\SG14\AOH\Blut\Snapshot\SG170902.D
2 0.0200 0.031743 17.50 D:\Data\SG14\AOH\Blut\Snapshot\SG170903.D
3 0.0500 0.063430 -21.81 ata\SG14\AROH\Blut\SG170904.D
4 0.1000 0.176194 2.85 ata\SG14\ROH\Blut\SG170905.D
5 0.2000 0.352830 0.33 D:\Data\SG14\ROH\Blut\SG170906.D
02
Response Ratio
0.35H o
0.3
0.25-
0.2;
] o
0.15-
0.1
] o
0.05+
] 0
] 1]
o —— 77— T T T T
0 0.02 0.04 0.06 0.08 0.1 0.14 0.16 0.18 0.2
Amount Ratio
Resp Ratio = 1.804e+000 * Amt - 9.057e-003
Coef of Det (r"2) = 0.995 Curve Fit: Linear
Figure 23 Tentative calibration curve (not guideline compljaaf 4-hydroxy-AOH (O2) used

for the calculation in Table 44
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Calibration data of 03

LvLID Amount (ratio) Response (ratio) bias (%)
3

0.0100 0.002442 17.13 D:\ \Snapshot\SG170902.D
2 0.0200 0.004002 3.40 D:)\ \Snapshot\SG170903.D
3 0.0500 0.007585 -17.82 D: \SG170904.D
- 0.1000 0.019711 8.54 D:\ B \S )9 .D
5 0.2000 0.035626 -1.10 D:\Data\SG14\AOH\Blut\SG170906.D
03
Response Ratio
3.50e-002+
3.00e-0024
2.50e-002-
2.00e-002- o
1.50e-002
1.00e-0024
o

5.00e-003

B o

1 [l

o T T T T T T T T T T

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Amount Ratio
Resp Ratio = 1.786e-001 * Amt + 2.986e-004
Coef of Det (r*2) = 0.993 Curve Fit: Linear

Figure 24

Tentative calibration curve (not guideline compt)aof 10-hydroxy-AOH (O3) used
for the calculation in Table 44. Here there is eyJdarge uncertainty in the values as
the concentration of the calibration solutions rhayincorrect.
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Calibration data of 04

LvLID Amount (ratio) Response (ratio) bias (%) Data File
1 0.0100 0.003156 27.02 D:\Da \Blut \Snapshot \SG170902.D
2 0.0200 0.005398 1.65 D:\ \Blut\Snapshot\SG170903.D
3 0.0500 0.010894 -20.98 D: \Blut\SG170904.D
4 0.1000 0.030815 10.40 D:\ \Blut \SG170905.D
5 0.2000 0.055393 -1.37  D:\Data\SG14\AOH\Blut\SG170906.D
04
Response Ratio
5.50e-002] o
5.00e-002]
4.50e-002-]
4.00e-002-
3.50e-002
3.00e-002- o
2.50e-002-
2.00e-002-
1.50e-002]
R o
1.00e-002]
5.00e-003 g
g ul
0 T T T T T T T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Amount Ratio
Resp Ratio = 2.825e-001 * Amt - 3.406e-004
Coef of Det (r*2) = 0.991 Curve Fit: Linear

Figure 25 Tentative calibration curve (not guideline compt)aof 2-hydroxy-AOH (0O4) used
for the calculation in Table 44
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Appendix H Determination of AOH in mice whole bloa and urine
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Determination of AOH in mice whole blood and urine

Appendix H of the EXTERNAL SCIENTIFIC REPORT:

Combined toxicokinetic and in vivo genotoxicity study on Alternaria toxins

Test facility

Fraunhofer Institute for Toxicology
and Experimental Medicine ITEM
Nikolai-Fuchs-Str. 1

30625 Hannover

Germany

Executive Director:

Prof. Dr. Dr. Uwe Heinrich
Phone (+49) 511 5350-0
Fax (+49) 511 5350-155

Person responsible for the validation:
Dr. S. Schuchardt

Phone (+49) 511 5350-218
Fax (+49) 511 5350-155
sven.schuchardt@item.fraunhofer.de

Sponsor

European Food Safety Authority (EFSA)
Via Carlo Magno 1A

43126 Parma (PR)
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ITALY
Sponsor's Study Monitor:

Hans Steinkellner
Phone: +39 (0) 521-036-831
Email: johann.steinkellner@efsa.europa.eu

This appended validation report consists of 41
pages.

Date: 03.10.2014
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Abbreviations
ACH Alternariol
aq aqueous
AS Autosampler
BLQ Below Limit of Quantification
BSTFA N,O-Bis- ( trimethylsilyl ) trifluoroacetamide
CAD Collision Associated Dissociation
Cal Calibration
Conc. Concentration
C.V. Coefficient of Variation
CXP Cell Exit Potential
DMSO Dimethylsulfoxide
DP Declustering Potential
El Electron Impact
HPLC High Performance Liquid Chromatography
IS Internal Standard
K3EDTA Potassium Ethylendiamintetraacetate
LC Liquid Chromatography
LLOQ Lower Limit of Quantification
MF Matrix Factor
MRM Multiple Reaction Monitoring
MS Mass Spectrometry / Spectrometer
MS/MS Tandem Mass Spectrometry
NA Not Applicable
Q1 Quadrupole 1
Q3 Quadrupole 3
QC Quality Control
QCL QCLow
QCM QCMedium
QCH QCHigh
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SD Standard Deviation; Population Standard Deviation
SN Serial Number
rcf relative centrifugal force
uLQ Upper Limit of Quantification
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1 Statement of the person responsible for the validation

Fraunhofer ITEM

Associated with the study: EFSA EXTERNAL SCIENTIFIC REPORT:

“Combined toxicokinetic and in vivo
genotoxicity study on Alternaria toxins”

Test item: Alternariol (AOH)
Title: Determination of AOH in mice whole blood and
urine

This is a non GLP validation. However, the principles of GLP as well as the

(1]

EMA-“Guideline on bioanalytical method validation”'' were taken into consideration

and this validation was conducted in the spirit of GLP.

Date Signature

03.10.2014

Fraunhofer Institute for Toxicology and
Experimental Medicine ITEM
Person responsible for the validation

Dr. S. Schuchardt

EFSA supporting publication 2014:EN-679 8/

The present document has been produced and adwpted bodies identified above as author(s). Tés& has been carried out exclusively
by the author(s) in the context of a contract betwthe European Food Safety Authority and the a(ghoawarded following a tender
procedure. The present document is published cangplyith the transparency principle to which thetiarity is subject. It may not be
considered as an output adopted by the Authorite. European Food Safety Authority reserves itstsighiew and position as regards the
issues addressed and the conclusions reached pnethent document, without prejudice to the rigiitthe authors.



Z Fraunhofer

ITEM Toxicokinetics and genotoxicity of Alternariol

Objective: 1.  Validation of a LC-MS/MS method for the

qguantification of AOH in mice whole blood.

2. Validation of a GC-MS method for the quantification

of AOH in mice urine.

3. Monitoring of AOH and selected hydroxyl metabolites

in mice urine and whole blood by GC-MS analysis.

Fraunhofer ITEM

Associated with
the study: EFSA EXTERNAL SCIENTIFIC REPORT:

“Combined toxicokinetic and in vivo genotoxicity
study on Alternaria toxins”

Sponsor: European Food Safety Authority (EFSA)
Via Carlo Magno 1A
43126 Parma (PR)

ITALY

Test facility: Fraunhofer ITEM, Nikolai-Fuchs-Strasse 1

30625 Hannover, Germany

Personnel: Person responsible for the validation: S. Schuchardt
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Laboratory Managers: S. Schuchardt
K. Bluemlein
Scientists responsible for the report: K. Bluemlein

S. Schuchardt

Technicians: U. Sanger
S. Gerling
Distribution of this report:
Sponsor: 1 original

Person responsible

for the validation: 1 original

2 Summary

This report describes the validation of the determination of alternariol (AOH):

1. In mice whole blood stabilised with potassium ethylendiamintetraacetate
(K3EDTA) by liquid chromatography tandem mass spectrometry (LC-
MS/MS)
and

2. in mice urine by gas chromatography - mass spectrometry (GC-MS).

The GC-MS method developed for the determination of AOH in urine will also
allow the semi-quantitative determination (chapter 5) of the four alternariol
metabolites 8-hydroxy—-AOH, 4-hydroxy—AOH, 10-hydroxy—-AOH and 2-hydroxy-
AOH (Fig. 1).
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10-hydroxy-AOH

Fig. 1: Alternariol (AOH) and the monohydroxylated
metabolites 8-hydroxy-AOH, 4-hydroxy—-AOH, 10-hydroxy-
AOH and 2-hydroxy-AOH.

Those four metabolites, which each carry a hydroxyl group at one of the two
aromatic rings, were already described in detail by N. H. Schebb in his diploma

(2] Schebb’s peak assignment of the individual metabolites in GC-MS

thesis
analysis was successfully confirmed in the associated Fraunhofer ITEM study
applying NMR' spectroscopy and mass spectrometry (MS) for identification. The
validation of a quantitative method for all four metabolites in mice urine and whole

blood had to be omitted due to a lack of sample standards.

" nuclear magnetic resonance
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2.1 Determination of AOH in mice whole blood by LC-MS/MS analysis

In order to correct for e.g. analyte loss during sample preparation or instrumental
drift 7-Hydroxy-4-phenylcoumarin (HPC) was used as internal standard (IS).
Quantitation was achieved by running the mass spectrometer (MS) in multiple
reaction monitoring (MRM) mode. The MRM transitions (mass to charge ratios,
m/z) used for the quantitation was 257 to 213 for the analyte AOH and 237 to
193 for the internal standard HPC. The selected MRM traced were not affected by

interferences (chapter 4.2.1).

The method described here, provides a linear correlation between AOH concentration
and instrument response over the investigated concentration range of 11 to

774 ng / mL (chapter 4.3.1).

The determined accuracy values for the calibration standards (chapter 4.3.1) did

comply with the EMA guideline“].

Precision and accuracy data obtained for the QC
standards were conforming to the EMA guidelinem (chapter 4.5.1). For neither the
analyte AOH nor the IS HPC significant carry over was observed (chapter 4.4.1).
The stability of AOH working solutions at approx. 4 — 8 °C was assessed over a
time period of 30 days. The respective data demonstrate stability over the
investigated time period (chapter 4.5.3). Analyte integrity in mice whole blood
extracts during autosampler storage at 7 °C as well as under uncontrolled
temperature conditions was investigated and confirmed over 30 and 27 h

respectively (chapter 4.6.1).

2.2 Determination of AOH in mice urine by GC-MS analysis

AOH and its metabolites (Fig. 1) were monitored by GC-MS analysis after their
derivatisation with N,O-Bis- (trimethylsilyl ) trifluoroacetamide (BSTFA).

In order to correct for e.g. analyte loss during sample preparation or instrumental
drift 6, 7- Dihydroxycoumarin (DHC) was used as internal standard (IS).

Quantitation of AOH and monitoring of its hydroxyl metabolites was achieved by
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Single lon Monitoring (SIM). The analyte AOH was monitored on the mass to
charge ratios (m/z) 459 (quantifier) and 222 (qualifier) and the internal
standard DHC on the m/z trace 322. The SIM traces m/z 459 and 322 were
not affected by interferences (chapter 4.2.2). All four metabolites (8-hydroxy-
AOH, 4-hydroxy-AOH, 10-hydroxy-AOH and 2-hydroxy-AOH) were monitored on
m/z 547.

The method described here, provides a linear correlation between AOH concentration
and instrument response over the investigated concentration range of 50 to
6000 ng / mL (chapter 4.3.2 ).

The determined accuracy values for the calibration standards (chapter 4.3.2) did

comply with the EMA guideline!'.

Precision and accuracy data obtained for the QC
standards were conforming to the EMA guideline“:| (chapter 4.5.2). For neither
the analyte AOH nor the IS HPC significant carry over was observed (chapter
4.4.2). The stability of AOH working solutions at approx. 4 — 8 °C was assessed
over a time period of 30 days. The respective data demonstrate stability over the
investigated time period (chapter 4.5.3). Analyte integrity in mice urine extracts
during autosampler storage was omitted, due to the nature of the scheduled batch

analysis of the study samples (chapter 4.6.2).
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3 Materials and Methods

3.1 Materials

3.1.1 Analyte

Batch no.:

Purity:

Expiration date:
Supplier:
Molecular formula:

Molecular weight:

Certificate of Analysis:

Structure:

Alternariol (AOH)
641-38-3
0435215-2

> 98 %

18th December 2014
Cayman Chemical
Ci4H100s

258.23 g / mol

Not available

HsC OH

HO

OH 0]
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3.1.2 Internal Standard 1 - LC-MS/MS analysis

Product name: 7 -Hydroxy-4-phenylcoumarin (HPC)
CAS no.: 2555-30-8

Batch no.: 18203MAV

Expiration date: June 2019

Supplier: Sigma

Molecular formula: CisH1005

Molecular weight: 238.24 g / mol

Certificate of Analysis: Not available

3.1.3 Internal Standard 2 - GC-MS analysis

Product name: 6, 7- Dihydroxycoumarin (DHC)
CAS no.: 305-01-1

Batch no.: STBD1992V

Expiration date: 04th March 2019

Supplier: Sigma

Molecular formula: CoHgO4

Molecular weight: 178.14 g / mol

Certificate of Analysis: Not available

3.1.4 Chemicals

Zinc sulphate heptahydrate (Sigma Aldrich)

Methanol, gradient grade for HPLC (Acros Organics)
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Isopropanol, for gas chromatography (Acros Organics)
Acetonitrile, Baker Analysed LC-MS Reagent (J. T. Baker)
Formic acid, eluent additive for LC-MS (Sigma Aldrich)
Methanol, LC-MS reagent (J. T. Baker)

Water, LC-MS Reagent (J. T. Baker)

Dimethylsulfoxide ( Sigma Aldrich)

Ethylacetate, Supra Solv for GC (Merck)

N,O-Bis- ( trimethylsilyl ) trifluoroacetamide ( Supleco, 99.5%)

3.1.5 Reagents

LC-MS/MS Analysis

Zinc sulphate solution (0.1 M)

Zinc sulphate heptahydrate (0.75 g) was dissolved in water (25 mL) to give a

nominal concentration of 0.03 g / mL (0.1 M).
Methanolic zinc sulphate solution — Precipitating reagent

Zinc sulphate solution (0.1 M) was diluted with methanol 1:3 (e.g. 5 mL zinc

sulphate solution : 15 mL methanol).
50% Methanol (aqg)

Aqueous methanol solution was prepared by mixing water and methanol in a ratio

of 1:1.

70 % Methanol (aqg)
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Aqueous methanol solution was prepared by mixing water and methanol in a ratio
of 30 : 70.

/socractic eluent — Trap column

The iscocratic eluent was prepared by mixing methanol and water in a ratio of
25 : 75.

Needle wash (0.1 % formic acid (aq) : isopropanol : methanol : acetonitrile
1:1:1:1)

The needle wash solution consisted of 0.1 % formic acid (aq), isopropanol,

methanol and acetonitrile in the ratios 1:1:1:1.
3.1.6 Matrix

Mice whole blood (K3EDTA, Research for Health, ITEM)
Mice urine (Research for Health, ITEM)

3.2 Analytical Methods

3.2.1 General Comments

The quantification of AOH in mice whole blood was achieved by LC-MS/MS
analysis in MRM mode wusing matrix matched standards and 7-Hydroxy-4-

phenylcoumarine (HPC) as internal standard.

The quantification of AOH in mice urine was achieved by GC-MS analysis in SIM
mode using matrix matched standards and 6,7-Dihydroxycoumarin (DHC) as

internal standard.

Due to a lack of standards for the AOH metabolites 8-hydroxy-AOH; 4-hydroxy-
AOH; 10-hydroxy-AOH and 2-hydroxy—AOH no quantitative data can be obtained
and validation for those four compounds was omitted. Microsomal incubation of AOH
was used to obtain an AOH-metabolite mix of unknown concentration, which was

used to assign metabolite IDs in GC-MS analysis (chapter 5).
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3.2.2 Instruments

HPLC Agilent 1260 consisting of:
0 Degasser
0 Binary Pump
O Isocratic Pump
0 Autosampler
0 Thermostat
0 Temperature Controlled Compartment

MS (QTrap 5500, ABSCIEX)

GC HP 6890 (GC) / HP 5973 (MS); Gerstel MPS 2 Autosampler
Balance (Sartorius RC210S-0D1)
Centrifuge (Sigma 1-1S)

Fridge (approx. 4 - 8 °C)

Freezer (approx. -20 °C)

MS2 Minishaker (I1KA)

Cold room (7 — 12 °C)

Evaporation unit (Supelco)

3.2.3 Materials

Amber glass autosampler vials (2 mL)
Clear glass autosampler vials (2 mL)
Polypropylene vials (different sizes)

Eppendorf tubes (0.5 and 2 mL)
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Pipettes ( different sizes, Gilson, Brandt and Eppendorf)

3.2.4 Instrument Parameters

The instrument parameters and settings for the determination of AOH in mice whole
blood by LC-MS/MS parameter are listed in Tab. 1 and 2.

The determination of AOH and the monitoring of its four metabolites 8-hydroxy-
AOH, 4-hydroxy-AOH, 10-hydroxy-AOH and 2-hydroxy—-AOH in mice urine was

achieved by GC-MS. The respective parameters and settings are listed in Tab. 3.

Tab. 1: HPLC parameters and settings for AOH analysis in mice whole blood

Parameter Settings

System Agilent 1260

Trap column Zorbax Eclipse Plus C8, 2.1x12.5 mm, 5 pm ; SN :
usSuQB03701

Analytical column Poroshell 120 EC-C18, 3x50 mm, 2.7 pum; SN: USCFZ12555

Column temperature [°C] 50

Injection volume [pL] 10

Autosampler temperature [°C] 7 or uncontrolled

Needle wash 0.1% formic acid (aq) :acetonitrile:methanol:isopropanol (1:1:1:1)

Mobile phase

Trap column Isocratic: methanol / water 25:75

Analytical column A: water

B: methanol

Gradients
Trap column
Time [min] Flow rate [pL / min] Valve position time [min]
0.00 500 right 0.00
0.01 500 left 0.01
1.51 500 left 1.52
1.52 500 right 1.53
22.00 500 right 18.00
left 18.01
left 22.10
right 22.20
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Analytical column
Time [min] Flow rate [pL / min] B [%]
0.00 500 25
1.00 500 25
10.0 500 80
15.00 500 80
15.01 500 95
18.00 500 95
18.01 500 25
22.00 500 25

Tab. 2: MS parameters and settings for AOH analysis in mice whole blood

Parameters Settings
System ABSCIEX QTRAP 5500
Source Turbo V™
Mode Negative
Capillary voltage [V] -4500
Curtain gas (N,) [psi] 30

Gas 1 (N,) [psi] 50

Gas 2 (N,) [psi] 70
Temperature [°C] 550
CAD gas Medium
Dwell time [ms] 150
Entrance potential [V] -10

MRM transitions

Q1 Q3 Collision

Compound CXP DP
m/z m/z energy
AOH - Quantifier 257 213 -36V -15V -60V
AOH — Qualifier 257 147 -46V -5V -60V
HPC — Quantifier 237 193 -35V -15V -50V
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Tab. 3: GC-MS parameters and settings for AOH analysis in mice urine

Parameter Settings

System HP 6890 (GC) / HP 5973 (MS); Gerstel MPS 2
Autosampler

Mode Electron impact (EI)

lonisation energy [eV] 70

Column HP5ms, length: 30m; diameter: 0.25 mm; film thickness:
0.25 um

Carrier gas Helium

Carrier gas flow [mL / min]
Injection volume [pL]

Injector temperature [°C]
Injector mode

Temperature program

Quadrupole temperature [°C]

1.2 (constant flow)

1

250

splitless

Start: 60°C for 1 min; End: 290°C for 15 min;
Rate: 15°C / min

150

Data acquisition

Compound ID Target (m/z)

AOH 459 (qualifier: 222)
DHC (IS) 322

8 -hydroxy-AOH 547

4-hydroxy-AOH 547
10-hydroxy-AOH 547

2-hydroxy-AOH 547

3.3 Calibration and Quality Control Standards

3.3.1 Preparation of analyte stock solution

Alternariol (1 mg) was dissolved in DMSO (310 uL) to give a stock solution with a nominal
concentration of 3.23 mg / mL. This stock solution was stored at approx. — 20 °C.
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3.3.2 Preparation of intermediate and analyte working solution

3.3.2.1 Solutions for LC-MS/MS analysis

Intermediate solution A — LC-MS/MS analysis

The AOH stock solution was diluted 1:300 in methanol. The resulting intermediate
solution A had a nominal AOH concentration of 10.75 pg / mL. This solution was

stored at approx. 4 — 8 °C.

Standard working solutions — LC-MS/MS analysis

The AOH intermediate solution A was diluted in methanol to give nine standard
working solutions with the following nominal concentrations: 53.8; 135; 269; 430;
538; 1344; 2150; 2688 and 3870 ng / mL.

Quality Control working solutions — LC-MS/MS analysis

The AOH intermediate solution A was diluted in methanol to give three quality
control working solutions QCL, QCM and QCH. The concentrations of those three
solutions did cover the lower, the mid and the high end of the standard working

solution.

3.3.2.2 Solutions for GC-MS analysis

Intermediate solution A — GC-MS/MS analysis

The AOH stock solution (3.1 pL) was diluted in methanol (996.9 pL). The
resulting intermediate solution A had a nominal AOH concentration of 10.0

ug / mL. This solution was stored at approx. 4 — 8 °C.

Intermediate solution B — GC-MS/MS analysis

The AOH intermediate solution B (100 pyL) was diluted in methanol / water
70:30 (900 pL). The resulting intermediate soluton B had a nominal AOH

concentration of 1.00 pg / mL. This solution was stored at approx. 4 — 8 °C.
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3.3.3 Preparation of IS stock solution

HPC — LC-MS/MS
HPC (4.79 mg) were dissolved in methanol (10 mL) resulting in an IS stock

solution of a HPC concentration of 0.48 mg / mL.

DHC - GC-MS

DHC (5.10 mg) were dissolved in methanol (5 mL) resulting in an IS stock

solution of a DHC concentration of 1.02 mg / mL.

3.3.4 Preparation of IS working solution

HPC - 1S working solution A — LC-MS/MS

An HPC stock solution was prepared in methanol / water 70:30 with a nominal

concentration of 10 pg / mL.

HPC - IS working solution B — LC-MS/MS
HPC-IS working solution A (375 pL) was diluted in methanol / water 70 : 30

(9.625 mL) to give HPC-IS working solution B with a nominal concentration of

375 ng / mL.

DHC - IS working solution A — GC-MS

DHC IS stock solution (49 pL) were transferred into a 10 mL measuring flask.

The flask was filled to the mark with methanol / water 70:30 to give a working

solution A with a nominal concentration of 5 pg / mL.
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3.3.5 Blank and Zero Samples

LC-MS/MS analysis

Blank

K3EDTA mice whole blood (25 pL) was transferred into a 0.5-mL Eppendorf
tube. Methanol (11 puL) was added and the sample mixed on a vortex mixer.
Proteins were precipitated by adding methanolic zinc sulphate solution (250 pL).
The solution was mixed on a vortex mixer for 30 sec and then centrifuged at
10000 rcf for 10 min at room temperature. Methanol (100 pL) was added, the
sample mixed on a vortex mixer and then centrifuged at 10000 rcf for 5 min at
room temperature. An aliquot (100 pL) of the supernatant was transferred into a
2-mL HPLC-vial, aqueous methanol solution (400 pL, 50 % methanol (aq))

was added and the sample mixed on a vortex mixer prior to LC-MS/MS analysis.

Zero

K3EDTA mice whole blood (25 pL) was transferred into a 0.5-mL Eppendorf
tube. IS intermediate solution B (6 pL) and methanol (5 pL) were added and
the sample mixed on a vortex mixer. Proteins were precipitated by adding
methanolic zinc sulphate solution (250 pL). The solution was mixed on a vortex
mixer for 30 sec and then centrifuged at 10000 rcf for 10 min at room
temperature. Methanol (100 pL) was added, the sample mixed on a vortex mixer
and then centrifuged at 10000 rcf for 5 min at room temperature. An aliquot
(100 pL) of the supernatant was transferred into a 2-mL HPLC-vial, aqueous
methanol solution (400 pL, 50 % methanol (aq)) was added and the sample

mixed on a vortex mixer prior to LC-MS/MS analysis.

GC-MS analysis

Blank
Mice urine (200 pL) was transferred into a 2-mL Eppendorf tube. Ethylacetate

(300 puL) were added and the sample mixed on a vortex mixer. After
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centrifugation (8000 rcf; 2 min, room temperature) the supernatant was transferred
into a clear 2-mL autosampler vial. The residue was extracted with ethylacetate
(300 pL) by thorough shaking using a vortex mixer. After centrifugation
(8000 rcf; 2 min, room temperature) the supernatant was combined with the first
supernatant and the resulting sample was dried in a nitrogen stream. After
complete removal of all solvent and water, BSTFA (40 pL) was added. The
resulting blank was left over night at room temperature, to allow complete

derivatisation, prior to GC-MS analysis.

Zero

IS intermediate solution A (20 pL) and mice urine (200 pL) were transferred
into a 2-mL Eppendorf tube. Ethylacetate (300 pL) was added and the sample
mixed on a vortex mixer. After centrifugation (8000 rcf; 2 min, room temperature)
the supernatant was transferred into a clear 2-mL autosampler vial. The residue
was extracted with ethylacetate (300 pL) by thorough shaking using a vortex
mixer. After centrifugation (8000 rcf; 2 min, room temperature) the supernatant
was combined with the first supernatant and the resulting sample was dried in a
nitrogen stream. After complete removal of all solvent and water, BSTFA (40 pL)
was added. The resulting zero was left over night at room temperature, to allow

complete derivatisation, prior to GC-MS analysis.

3.3.6 Preparation of Calibration Standards

LC-MS/MS - analysis

Calibrations standards were prepared by spiking mice whole blood aliquots

(25 pL) with the respective standard working soluton (5 pL) and IS working
solution B (6 pL). The samples were then mixed on a vortex mixer. Proteins
were precipitated by adding methanolic zinc sulphate solution (250 pL). The
solution was mixed on a vortex mixer for 30 sec and then centrifuged at
10000 rcf for 10 min at room temperature. Methanol (100 pL) was added, the

sample mixed on a vortex mixer and then centrifuged at 10000 rcf for 5 min at

EFSA supporting publication 2014:EN-679 104

The present document has been produced and adwpted bodies identified above as author(s). Tés& has been carried out exclusively
by the author(s) in the context of a contract betwthe European Food Safety Authority and the a(ghoawarded following a tender
procedure. The present document is published cangplyith the transparency principle to which thetiarity is subject. It may not be
considered as an output adopted by the Authorite. European Food Safety Authority reserves itstsighiew and position as regards the
issues addressed and the conclusions reached pnethent document, without prejudice to the rigiitthe authors.



Z Fraunhofer

ITEM Toxicokinetics and genotoxicity of Alternariol

room temperature. An aliquot (100 pL) of the supernatant was transferred into a
2-mL HPLC-vial, aqueous methanol solution (400 pL, 50 % methanol (aq))
was added and the sample mixed on a vortex mixer prior to LC-MS/MS analysis.
The nominal AOH concentration of those calibration standards were 11; 27; 54;
86; 108; 269; 430; 538 and 774 ng / mL.

GC-MS — analysis

Calibration standards were prepared by adding aliquots of either AOH intermediate

solution A or B, and IS intermediate soluton A (20 pL) and mice urine
(200 pL) into a 2-mL Eppendorf tube. Ethylacetate (300 pL) was added and
the sample mixed on a vortex mixer. After centrifugation (8000 rcf; 2 min, room
temperature) the supernatant was transferred into a clear 2-mL autosampler vial.
The residue was extracted with ethylacetate (300 pL) by thorough shaking using
a vortex mixer. After centrifugation (8000 rcf; 2 min, room temperature) the
supernatant was combined with the first supernatant and the resulting sample was
dried in a nitrogen stream. After complete removal of all solvent and water, BSTFA
(40 pL) was added. The resulting calibration standards were left over night at
room temperature, to allow complete derivatisation, prior to GC-MS analysis. The
nominal AOH concentration of those calibration standards were 250; 500; 750;
1000; 2000; 4000 and 6000 ng / mL.

3.3.7 Preparation of Quality Control Standards

LC-MS/MS - analysis

Quality control standards were prepared by spiking mice whole blood aliquots

(25 L) with the respective standard working solution (5 pL) and IS working
solution B (6 pL). The samples were then mixed on a vortex mixer. Proteins
were precipitated by adding methanolic zinc sulphate solution (250 pL). The
solution was mixed on a vortex mixer for 30 sec and then centrifuged at

10000 rcf for 10 min at room temperature. Methanol (100 pL) was added, the
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sample mixed on a vortex mixer and then centrifuged at 10000 rcf for 5 min at
room temperature. An aliquot (100 pL) of the supernatant was transferred into a
2-mL HPLC-vial, aqueous methanol solution (400 pL, 50 % methanol (aq))
was added and the sample mixed on a vortex mixer prior to LC-MS/MS analysis.
This resulted in quality control standards QCL, QCM and QCH did cover the

concentration range defined by the calibration standards.

GC-MS — analysis

Quality control standards were prepared by adding aliquots of either AOH

intermediate solution A or B, and IS intermediate solution A (20 pL) and mice
urine (200 pL) into a 2-mL Eppendorf tube. Ethylacetate (300 pL) was added
and the sample mixed on a vortex mixer. After centrifugation (8000 rcf; 2 min,
room temperature) the supernatant was transferred into a clear 2-mL autosampler
vial. The residue was extracted with ethylacetate (300 pL) by thorough shaking
using a vortex mixer. After centrifugation (8000 rcf; 2 min, room temperature) the
supernatant was combined with the first supernatant and the resulting sample was
dried in a nitrogen stream. After complete removal of all solvent and water, BSTFA
(40 pL) was added. The resulting quality control standards were left over night at
room temperature, to allow complete derivatisation, prior to GC-MS analysis. The
nominal AOH concentration of those quality control standards were 500; 1000 and
4000 ng / mL.

4 Analysis and Results

4.1 Run Acceptance Criteria
The run acceptance criteria applied throughout this validation are based on the
EMA guidelinel':

e The back calculated concentrations of calibration and quality control

standards should be within £ 15 % of their nominal concentration. For the
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LLOQ standard the accuracy should be within + 20 % of its nominal
concentration.

e 75 % of the calibration standards should fulfii the above accuracy
requirement.

* 67 % of the QC standards and 50 % of each QC concentration level

should fulfil the above accuracy requirement.

]

In this report, all standards not meeting the EMA guideline[1 criteria are highlighted

in red.

4.2 Selectivity - AOH

4.2.1 LC-MS/MS - mice whole blood

Analyte selectivity was investigated by preparing 6 blank and 6 LLOQ samples from
pooled mice whole blood. The average response for the analyte AOH in the blank
samples was determined as 478 counts (Tab.4). This equals 1 % of the LLOQ
average value of 45840 counts (Tab.4). The variation of the analyte peak areas
between the individual blank samples was with 111 % fairly high. The highest
analyte peak area detected in the six blank samples was 1410 counts which equals
3 % of the LLOQ average value of 45840. This demonstrates that despite the
high variation, no significant interference was present for the analyte AOH on the

chosen MRM-trace at the respective retention time window.

In none of the blank samples an IS signal was detected (Tab. 4).
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Tab. 4: Selectivity data for AOH in mice whole blood.

Analyte peak IS peak area
# Sample Name Sample ID
area [counts] [counts]
1 DoBI200814-01 blank_01 0 0]
2 DoBI200814-02 blank_02 702 0]
3 DoBI200814-03 blank_03 1410 0]
4 DoBI200814-04 blank_04 0 0]
5 DoBI200814-05 blank_05 0 0]
6 DoBI200814-06 blank_06 754 0]
Mean value (n
478
= 6)
STDEV 529
C. V. [%] 111
7 QC 300714-01 LLOQ_O1 50100 830000
8 QC 300714-02 LLOQ_02 46800 859000
9 QC 300714-03 LLOQ_03 44500 812000
10 QC 300714-04 LLOQ_0O4 45900 827000
1 QC 300714-05 LLOQ_O5 41900 819000
Mean value (n
45840 829400
= 5)
STDEV 2698 16082
C. V. [%] 5.89 1.94

4.2.2 GC-MS - mice urine

Analyte selectivity was investigated by preparing 5 blank and 5 LLOQ samples from
pooled mice urine. The average response for the analyte AOH in the blank
samples was determined as 8895 counts (Tab.5). This equals 0.3 % of the
LLOQ average value of 3543509 counts (Tab.5). The variation of the analyte

peak areas between the individual blank samples was with 39.5 % fairly high. The
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highest analyte peak area detected in the five blank samples was 15963 counts
which equals 0.5 % of the LLOQ average value of 3543509. This demonstrates
that despite the high variation, the matrix contribution to the analyte signal was not

significant.

Tab. 5: Selectivity data for AOH in mice whole blood.

Analyte peak IS peak area
# Sample Name Sample ID
areas [counts] [counts]
1 SG220801 DB 210814-01 15963 17730
2 SG220826 DB 210814-02 9246 15461
3 SG210801 DB 200814-01 7960 16733
4 SG200802 DB 190814-01 7352 17559
5 SG200828 DB 190814-02 3953 19837
Mean value (n = 5) 8895 17464
STDEV 3509 929
C.V. [%] 39.5 5.32
6 SG220803 QC L 210814-01 3556260 2140782
7 SG220817 QC L 210814-02 3602904 2083234
8 SG210803 QC L 200814-01 3542263 2208021
9 SG210817 QC L 200814-02 3288888 2235380
10 SG200824 QC L 190814-01 3727228 2163014
Mean value (n = 5) 3543509 2166086
STDEV 143022 53055
C.V. [%] 4.0 2.45

4.3 Calibration curve and LLOQ - AOH

4.3.1 LC-MS/MS - mice whole blood

For the analyte AOH a concentration range between 11 to 774 ng / mL was
validated in mice whole blood matrix. A linear relationship between concentration
and signal response was found. In all cases a linear regression was applied
(Fig. 2 and Tab. 6), with the LLOQ being 11 ng / mL.
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B Kali 180814.1db (ADH_1): "Linear” Regression ("1 /" weighting): y = 0.00438 x + 0.00996 (1 = 0.9982)
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Fig. 22 Example for a calibration line for AOH (calibration ID 3 in Tab. 6) in mice blood (LC-MS/MS analysis)
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Tab. 6: AOH — Calibration data; matrix: K3EDTA mice whole blood
AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; 1/x weighting
Date Matrix 10.8 26.9 53.8 86.0 108 269 430 538 774 Intercept Slope R?
ID: 1
30. Jul 14 mice 11.3 26.3 48.2 86.7 106 300 408 560 748
Accuracy [%]  blood 105 97.8 89.7 107 98.6 112 94.9 104 96.6 0.00898 0.00462 0.998
ID: 2
14. Aug 14 mice 12.8 25.2 53.2 79.9 99.9 266 441 681 780
Accuracy [%]  blood 1719 93.8 99.0 92.9 92.9 99.0 103 127 % 107 0.00295 0.004671 0.999
* Accuracy > 115 %; does not comply with the EMA-guideline acceplance criteria; standard was not included in
4 regression
F ID:3
re 18. Aug 14 mice 12.3 25.8 48.5 79.2 m 263 454 568 733
1 Accuracy [%]  blood 114 96.0 90.2 92.1 103 97.9 106 106 94.7 0.00996 0.00438 0.998
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Fig. 3: Example for a calibration line for AOH (calibration ID 6 in Tab.7) in mice urine (GC-MS analysis)
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Tab. 7: AOH — Calibration data; matrix: mice urine
AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; no weighting
Date Matrix 500 750 1000 2000 4000 6000 Intercept  Slope R?
ID: 1
15. Aug 14 mice urine m 657 951 2540 vial 5667
Accuracy [%] m/z 459 22.3 87.5 95.1 127 damaged 94.5
0.905 1.660 0.982
15. Aug 14 mice urine 253 742 1155 2335 vial 6089
Accuracy [%] m/z 459 50.5 99.0 176 117 damaged 101
500 750 1000 2000 4000 6000
ID: 2
15. Aug 14 mice urine 462 760 932 2053 vial 5996
Accuracy [%] m/z 222 92.3 101 93.2 103 damaged 99.9
=-0.171 0.334 0.999
15. Aug 14 mice urine 536 808 1070 1859 vial 6025
Accuracy [%] m/z 222 107 108 107 92.9  damaged 100
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Tab. 7 (continued): AOH — Calibration data; matrix: mice urine
AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; no weighting
Date Matrix 50.0 125 250 375 Intercept Slope R?
ID: 3
15. Aug 14 mice urine 49.6 13 249 392 - - - -
Accuracy [%] m/z 459 99.3 90.2 99.7 104 - - - -
-0.0821 2.50 0.992
15. Aug 14 mice urine 52.6 130 260 355 - - - -
Accuracy [%] m/z 459 105 104 104 94.6 - - - -
50.0 125 250 375
ID: 4
15. Aug 14 mice urine 52.8 118 245 400 - - - -
Accuracy [%] m/z 222 106 94.5 97.8 107 - - - -
~0.266  0.989
0.00885
15. Aug 14 mice urine 53.8 129 255 356 - - - -
Accuracy [%] m/z 222 108 103 102 94.8 - - - -
500 750 1000 2000 4000 6000
ID: 5
15. Aug 14 mice urine (AR 657 951 2540 vial 5667 - -
Accuracy [%] m/z 459 22.3 87.5 95.1 127 damaged 94.5 - -
0.9050 1.66 0.982
15. Aug 14 Urin 253 742 1155 2335 vial 6089 - -
Accuracy [%] m/z 459 50.5 99.0 116 117 damaged 107 - -
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Tab. 7 (continued): AOH — Calibration data; matrix: mice urine
AOH Regression parameters
Nominal concentration [ng / mL] y=a*x+b; no weighting
Datum Matrix 250 500 750 1000 2000 4000 6000 Intercept Slope R?
ID: 6
20. Aug 14  mice urine 237 499 799 1015 1907 4062 5982 -
Accuracy [%] m/z 459 95.0 99.7 106 101 95.3 102 99.7 - -0.1610 1.81 0.999
50 100 150 200 250
ID: 7
22. Aug 14 mice urine 50.8 101 146 201 251 - - -
Accuracy [%] m/z 459 102 101 97.2 101 100 - - - j 2.04 0.999
0.0754
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4.4 Carry Over - AOH

4,41 LC-MS/MS - mice whole blood

The carry over was assessed by injecting blank samples after QCH standards. The
EMA guideline [ stipulates that the signal response should be less than 20 % of
the LLOQ for the analyte (AOH) and 5 % for the IS (HPC).

The selectivity data showed that the matrix contribution the AOH signal is subject
of some variation, hence prior to starting the carry over experiment a blank sample
(DoBl 300714-02) was injected. For the analyte AOH all blank samples,
including DoBlI 300714-02, have signal responses above 20 % of the LLOQ
(Tab.8). In order to account for the initial high AOH background corrected

analyte peak areas were calculated (Eq.1).

Analyte peak area (corrected) = Reference DoBl peak area — DoBl peak area (Eq. 1)

The resulting signal responses in the blank samples varied between O and 17.6 %

(Tab. 8), which is in agreement with EMA guideline criterial'.
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Tab. 8: Carry over for the analyte AOH and IS HPC

calculated conc Analyte Peak Area IS Peak Area Response % for Response % for
Sample Name Sample Type

[ng / mL] [counts] [counts] AOH IS
H-oq (c.v1.:15..899%) (cf/?:iii%) (;??fjﬁm B B
DoBIl 300714-02+ Blank - 11200 0 37.9 0
QC 300714-17 QCH 496 1200000 523000 = =
DoBI 300714-03 Blank - 11100 0 37.5 0
QC 300714-18 QCH 513 1060000 447000 = =
DoBIl 300714-04 Blank - 16400 0 55.5 0
QC 300714-19 QCH 482 1040000 467000 = =
DoBI 300714-05 Blank - 11300 0] 38.2 0]

* Blank sample ran before starting the carry over experiment.

corrected blank values

Hoq (c.v1.:15'.899%) (c.f/?:i.:i%) (;511672.;2“ B B
DoBI 300714-02° Blank - 11200 0 37.9 0
QC 300714-17 QCH 496 1200000 523000 = =
DoBI 300714-03 Blank - -100 0] -0.3 0]
QC 300714-18 QCH 513 1060000 447000 = =
DoBIl 300714-04 Blank - 5200 0] 17.6 0]
QC 300714-19 QCH 482 1040000 467000 = =
DoBI 300714-05 Blank - 100 0 0.3 0

# set as reference value
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4.4.2 GC-MS analysis - mice urine

The carry over was assessed by injecting blank samples after QCH standards. The
EMA guideline [ stipulates that the signal response should be less than 20 % of
the LLOQ for the analyte (AOH) and 5 % for the IS (DHC).

The consecutive injection of two blank samples after analysis of a QCH standard
showed a pronounced carry over for the analyte AOH in the first blank samples
(Tab.9). There the AOH signal response varied between 5.57 and 11.62 %. The
AOH signal response in the respective second blank samples was significantly lower
with values varying between 0.22 and 0.27 %. Despite the observed carry over
the obtained data demonstrate the compliance of this analytical method with the

EMA guideline criteria [,

For the internal standard the observed carry over was lower than for AOH
(Tab.9). And even though the difference between the consecutive blank samples
was not as pronounced as for AOH, the data show a slightly higher signal
response in the blank samples analysed immediately after the QCH standards. As
for the analyte AOH the obtained data demonstrate the compliance of this analytical

method with the EMA guideline criteria [,
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Tab. 9: Carry over for the analyte AOH and DHC

Sample Name Sample calculated conc  Analyte Peak Area IS Peak Area Response % for Response % for
Type [ng / mL] [counts] [counts] AOH IS
SG140805 LLOQ 249 4351040 3730977 - -
SG140824 QCH 4997 56758964 3278101 - -
SG140825 Blank 242350 56932 5.57 1.53
SG140826 Blank 9784 46268 0.22 1.24
SG140827 QCH 6172 69299858 3274934 - -
SG140828 Blank 376542 60839 8.65 1.63
SG140829 Blank 10247 44087 0.24 1.18
SG140830 QCH 5411 58725355 3106436 - -
SG140831 Blank 505413 63823 11.62 1.71
SG140832 Blank 11600 46408 0.27 1.24
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4.5 Precision and Accuracy

4.5.1 LC-MS/MS - mice whole blood

Precision and accuracy of the analytical assay was assessed on LLOQ, QCL, QCM
and QCH standards. The mean concentration for QCL, QCM and QCH standards
was in all cases within 15 % (Tab.10) of the respective nominal values as

stipulated by the EMA guideline !

The mean concentration for the LLOQ standards was with 95.1 % (14. Aug 14)
within 20 % of the nominal value as stipulated by the EMA guideline [ For the
LLOQ standard (replicate injection of the same standard) analysed on 18. Aug 14
a mean accuracy of 79.5 % was calculated (Tab. 10), which was just outside the
80 % stipulated by the EMA guideline[”. As this value can be rounded to 80 %,

the value was considered as compliant.

The C.V. values did not exceed 15 % (Tab.10) and hence, the determined
precision and accuracy data for AOH comply with the EMA-guideline
EMEA/CHMP/EWP/ 192217/2009.
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Tab. 10: Precision and accuracy data —LC-MS/MS analysis
AOH
LLOQ Accuracy QCL Accuracy QCM Accuracy QCH Accuracy
[ng / mL] [%] [ng / mL] [%] [ng / mL] [%] [ng / mL] [%]
Date Calibration 25.0 100 500
ID
30. Jul 14 1 = 25.6 102 106 106 496 99.2
- 28.7 115 m m 513 103
- 28.1 12 106 106 482 96.4
- 29.1 116 106 106 500 100
- 27.6 110 105 105 504 101
Mean (n = x) - n_= 27.8 n_= 107 n_= 499
SD (+/-) = 1.22 2.14 10.2
C.V. [%] = 4.4 2.0 2.0
Accuracy [%] - 1 107 100
EFSA supporting publication 2014:EN-679 121

The present document has been produced and adoptéé bodies identified above as author(s). Téask thas been carried out exclusively by the awhan(the context of a contract between the Eunogésd

Safety Authority and the author(s), awarded follogva tender procedure. The present document isspell complying with the transparency principlevtich the Authority is subject. It may not be calesed as an
output adopted by the Authority. The European Fdafety Authority reserves its rights, view and fiosias regards the issues addressed and the smmdueached in the present document, withoutigicg to the
rights of the authors.



~ Fraunhofer

ITEM Toxicokinetics and genotoxicity of Alternariol

Tab. 10 (continued): Precision and accuracy data — LC-MS/MS data

AOH
LLOQ Accuracy QCL Accuracy QCM Accuracy QCH Accuracy
[ng / mL] [%] [ng / mL] [%] [ng / mL] [%] [ng / mL] [%]
Nominal value [ng / mL] 10.8 35.8 86.0 430
14. Aug 14 2 9.22 85.4 31.9 89.1 82.0 95.3 433 101
11.1 103 34.2 95.5 85.4 99.3 420 97.7
10.5 97.2 33.3 93.0 84.5 98.3 420 97.7
Mean (n = x) n =3 10.3 n=3 33.1 n=3 84.0 n =3 424
SD (+/-) 0.784 0.946 1.438 6.128
C.V. [%] 7.6 2.9 1.7 1.4
Accuracy [%] 95.1 92.6 97.6 98.7
Nominal value [ng / mL] 10.8 35.8 86.0 430
18. Aug 14 3 7.78 72.0 34.1 95.3 92.6 108 485 113
10.1 93.5 34.3 95.8 87.5 102 477 (AN
8.12 75.2 = = =
8.76 81.1 = = =
8.80 81.5 = = =
7.97 73.8 = = =
Mean (n = x) n_= 8.6 n=2 34.2 n=2 90.1 n=2 481
SD (+/-) 0.776 NA NA NA
C.V. [%] 9.0 NA NA NA
Accuracy [%] 79.5 95.5 105 112
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4.5.2 GC-MS - mice urine

Precision and accuracy of the analytical assay was assessed on QCL, QCM and
QCH standards. The mean concentration for QCL, QCM and QCH standards was
in all cases within 15 % (Tab. 11) of the respective nominal values as stipulated
by the EMA guideline ['.

The C.V. values did not exceed 15 % (Tab.11) and hence, the determined
precision and accuracy data for AOH comply with the EMA-guideline
EMEA/CHMP/EWP /192217 /2009.

Tab. 11: Precision and accuracy data — GC-MS data
AOH
QCL Accuracy QCM Accuracy QCH Accuracy
[ng / mL] [%] [ng / mL] [%] [ng / mL] [%]
Date Calibration ID 500 1000 4000
20. Aug 14 6 520 104 1052 105 4543 114
538 108 1096 110 4434 (AN
486 97.3 1087 109 4183 105
528 106 1086 109 4562 114
529 106 1108 (AN 4571 114
)'\(A;"an (n = n=5 520 n = 1086  n - 4459
SD (+/-) 17.9 18.6 146
C.V. [%] 3.44 1.72 3.28
Accuracy [%] 104 109 11
20. Aug 14 6 499 100 1015 101 4062 102
521 104 1027 103 4567 114
)I\(/I)ean (n = n=2 510 n =2 1021 n =2 4314
SD (+/-) NA NA NA
C.V. [%] NA NA NA
Accuracy [%] 102 102 108
21. Aug 14 6 488 97.7 902 90.2 3739 93.5
452 90.3 1009 101 4161 104
)'\(/';"a” (n = =2 470 =2 955 n=2 3950
SD (+/-) NA NA NA
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Tab. 11 (continued): Precision and accuracy data — GC-MS data
AOH
QCL Accuracy QcCM Accuracy QCH Accuracy
[ng / mL] [%] [ng / mL] [%] [ng / mL] [%]
Calibration
Date D 500 1000 4000
22. Aug 14 6 504 101 1068 107 4403 110
523 105 1118 112 4161 104
Mean (n =
) n=2 513 n =2 1093 n =2 4282
X
SD (+/-) NA NA NA
C.V. [%] NA NA NA
Accuracy [%] 103 109 107
Between run
Mean (n =
) n =4 503 n=4 1039 n=4 4251
X
SD (+/-) 19.7 55.8 186
C.V. [%] 3.92 5.37 4.38
Accuracy [%] 101 104 106

4.5.3 Stability of AOH working solutions

The AOH working solutions were used for LC-MS/MS as well as GC-MS
analysis. The stability of those solutions, when stored at approx. 4 - 8 °C
(fridge) was assessed by LC-MS/MS only.

QCL and QCH standards were prepared from working solutions stored at approx. 4
— 8 °C (fridge) over a time period of 30 days. They were then quantified

against a calibration line derived from freshly prepared working solutions.

The EMA-guideline [ stipulates that QC standards should have accuracy values
between 85 and 115 % of their nominal values. The mean accuracy values for the
five replicates (Tab.12) were 111 % for the QCL and 100 % for the QCH
standards. Hence, it was concluded that AOH working solutions can be stored up
to 30 days at approx. 4 — 8 °C (fridge).
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Tab. 12: Stability of AOH working solutions stored at approx. 4 — 8 °C (fridge).

AOH
QCL QCH
Accuracy [%] Accuracy [%]
[ng / mL] [ng / mL]
Date Calibration ID 25.0 500
30. Jul 14 1 25.6 102 496 99.2
28.7 115 513 103
28.1 112 482 96.4
29.1 116 500 100
27.6 110 504 101
Mean (n =
n=2>5 27.8 n=2>5 499
Xx)
SD (+/-) 1.67 9.93
C.V. [%] 6.0 2.0
Accuracy [%] 111 100

4.6 Autosampler stability

4.6.1 LC-MS/MS - mice whole blood

The autosampler stability of AOH in mice whole blood extracts was investigated
under controlled (7 °C; Tab. 13) and uncontrolled conditions (no set temperature,
Tab. 14) using QCL and QCH standards. Analyte stability could be demonstrated
up to 30 h when stored in mice whole blood extracts at 7 °C (Tab. 13). The
mean accuracy values for the QCL and QCH standards were within 15 % of their

nominal values as stipulated by the EMA guidelinem.

Analyte stability in mice whole blood extracts at uncontrolled temperature could be
established over a time period of 27 h (Tab.14). The mean accuracy values for
the QCL and QCH standards were within 15 % of their nominal values as

stipulated by the EMA guidelinem.
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Tab. 13: AS stability of AOH at 7 °C

Nominal Conc. Calculated Conc.
Accuracy [%]

[ng / mL] [ng /mL]
25 25.6 102
Day 0 - QCL 25 28.7 115
25 28.1 112
Mean 27.5 110
SD (+ / -) 1.34 5.37
C.V. [%] 4.9 4.9
500 496 99.2
Day 0 - QCH 500 513 103
500 482 96.4
Mean 497 99.4
SD (+ / =) 12.7 2.54
C.V. [%] 2.6 2.6
25 27.1 108
Day x: up to 32 25 28.6 14

h® - QCL
25 29.0 116
Mean 28.2 113
SD (+ / -) 0.82 3.27
C.V. [%] 2.9 2.9
500 497 99.4
Day x: up to 30

W - QcH 500 498 99.6
500 Error* NA
Mean 498 99.5
SD (+ / -) NA NA
C.V. [%] NA NA

* sample not

injected

@ - time between the first QC standard injected on day O and the last standard injected on

day x
P - time between the first QC standard injected on day O and the last standard injected on

day x
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Tab. 14: AS stability of AOH at uncontrolled temperature

Nominal Conc. [ng Calculated Conc.
Accuracy [%]

/ mL] [ng /mL]
35.8 34.1 95.3
Day 0 - QCL 35.8 34.3 95.8
35.8 31.9 89.1
Mean 33.4 93.4
SD (+ / -) 1.09 3.04
C.V. [%] 3.3 3.3
538 485 90.1
Day O - QCH 538 477 88.7
430 433 101
Mean 465 93.2
SD (+ / -) 22.9 5.36
C.V. [%] 4.9 5.8
35.8 35.4 98.9
Day x: up to 27 35.8 34.2 95.5
h® - QCL
35.8 33.3 93.0
Mean 34.3 95.8
SD (+ / -) 0.86 2.4
C.V. [%] 2.5 2.5
538 487 90.5
Day x: up to 27 538 473 87.9
h® - QCH
430 420 97.7
Mean 480 89.2
SD (+ / -) 28.9 4.12
C.V. [%] 6.0 4.6

* sample not injected
® - time between the first QC standard injected on day O and the last standard injected

on day x
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4.6.2 GC-MS - mice urine

The determination of AOH required its derivatisation with BSTFA over night. All
samples and standards produced that way were analysed within a day. The
analysis of study samples will be performed in such a way that the extracted
samples will be bracketed with QC standards. This will allow to monitor the analyte
integrity in the extracts during their autosampler storage prior to GC-MS analysis.
The investigation of the autosampler stability during method validation was therefore

omitted.

5 AOH metabolites

The validation parameters investigated for alternariol could not be covered for its
four hydroxyl metabolites (8-hydroxy—AOH; 4-hydroxy-AOH; 10-hydroxy—AOH and
2-hydroxy-AOH) due to a lack of standards. However, in order to monitor those
metabolites in mice urine as well as in mice whole blood by GC-MS analysis,

[2]. Microsomes contain

alternariol was incubated with rat derived liver microsomes
cytochrome P450 enzymes which play a crucial role in the oxidative metabolism of
xenobiotics. Hence, microsomal incubation of AOH results in the formation of its
four hydroxyl metabolites (Fig. 1; chapter 2). Alternariol and its four hydroxyl
metabolites were extracted by liquid-liquid extraction using ethyl acetate 2],

The peak assignment of the individual metabolites in the respective GC-MS
chromatograms (Fig. 2 and 3) was confirmed in the associated Fraunhofer ITEM

study applying NMR spectroscopy and mass spectrometry.
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Fig. 22 AOH and its four hydroxyl metabolites in rat microsome extract. AOH monitored

on m/z 222. Metabolites monitored on 547
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Fig. 3: Extracted urine sample. AOH monitored on m/z 222 and 459. Metabolites monitored on
m/z 547
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