QUEEN’S THE INSTITUTE
FOR GLOBAL
pivesm | | G S s,

High Content Analysis

JulieP Meneely
|l nsti tute for G|l obal Food Security, School C

Challenges In food anteed safety research, 2-29 November 2018
Prague, Czech Republic

UNIVERSITY OF

CHEMISTRY AND TECHNOLOGY Universitit fiir Bodenkultur Wien
PRAGUE University of Natural Resources

and Applied Life Sciences, Vienna

Training School: 2+ 29 November 2018



QUEEN’S THE INSTITUTE
FOR GLOBAL
] (€] ok

NATURAL TOXINS
Mycotoxins, Freshwater toxins,
Marine toxins, Plant toxins

ESTP1E4S

FROCESSING & SIORASE 102 ENVIRONMENTAL & INDUSTRIAL
Acrylamide, Heterocyclic aromatic

amines, Furans, Nitrosamines, CHEMICALS

- Heavy metals, Dioxins,
Ethyl carbamate, Polycyclic CHEMICAL Polychlori\r?f;ted bipherllyig Organic

tic hyd b T fatt : . .
aromatic hy r:g%rsms rans iatty CONTAMINANTS chemicals, Radionuclides

PACKAGING DERIVED CHEMICAL
Bisphenol ASemicarbazide
Phthalates, Lead, Vinyl chloride,
Styrene, Acrylonitrile

AGROCHEMICALS
Pesticides, Fungicides, Herbicides,
Veterinary drug residues, Fertilisers
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In vivotoxicity testing

Advantages:

Physiological interactions between cells and tissues revealed.

International harmonisation.
Simple to perform.
Animal models exist for human diseases.
Relatively iInexpensive.

Disadvantages:
Ethical concerns.
Species differences makes prediction of human responses
difficult.
Require large amounts of test substance.
Natural variances not reflected due to use of inbred strains.
Complex data.
Unrealistic exposure scenarios.
Lack of reproducibllity.
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In vitrotoxicity testing

Advantages:
Widely established methodologies.
LOwW COSt.
High numbers of replicates tested.
Novel technologies, miniaturisation and automation available.
Few ethical concerns.
Straightforward interpretation.

Disadvantages:
Cells maintained under ngphysiological conditions
Low cell densities result iIn impaired intracellular signalling.
Culture conditions are not stable.
Lack of biotransformation capabillities.
Lack of differentiation therefore organ functionality In
Immortalisedcelllines.
Cell crossontamination.
Cell culture contamination.
Not sensitive predictors of human toxicity.

www.qub.ac.uk/igfs
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Traditional cytotoxicity endpoints and assays

Cell Number wlrypan blue, SRBSlfornodaminéB), Methylene blue stainindgResazurinALP: (Alkaline phosphatase
enzyme), Hoechst

«L.DH: (Lactate dehydrogenase) leakage, Crystal vicadteirAM, Fluorescein diacetate

Cellular ATP GATP

oMTT: (3(4,5dimethylthiazole2-yl)-2,5-diphenyltetrazolium bromide), XTT: (A& (Z2methoxy-4-nitro-5-
sulfophenyhS|(phenylamingcarbonyl}i2H-tetrazolium hydroxide), WSI: (4|3-(4-lodophenyl}2-(4-
nitrophenyl}2H-5-tetrazolio}1,3-benzene disulfonate), TMREettamethylrhodamine ethyl ester)

«LDH, MTT, Caspabased,Annexin Granzymebased

uHoechstBrdU (5-Bromo-2 -Deoxyuridine), DAPI, TUNEL, Ethidium homodiReEpidiumdye, Caspase
based

Nuclear Size

uNR: (Neutral redGranzymebased,CathepsiD activity

Intracellular Calcium «-luo3, Flue4
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Stateof-the-art techniques usin
luminescence anfluorescence
offer sensitivity, simplicity,
reproducibility and are suitable
for hightthroughput screening
(HTS) and higbontent screening
(HCS)

High
In vitrotoxicity testing Content
Screening

Major advances In automatec
microscopes and microtitre pla
readers, Image analysis softwe
and the development of a wid
range of subcellular fluoresce

probes
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High Content Analysis: - Pharma:
f
A Automated technology ey

A Physiological incubation of cells in microtitre Drug discovery

- Drug aelivery

plates
A Automated liquid handling anchultiprobes n
Academia:
A Epifluorescence or lasérased microscopy Creellsg;lé)r?y Food safety
A Fluorescence image acquisition y

High Content Analysis
A Quantitative morphometric analysis of individual

cells and their organelles

A Use began in drug discovery

Environmental

toxicity Oncology
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Food and Chemical Toxicology 121 (2018) 527-540

FNGEE G Contents lists available at ScienceDirect " Food and
S HH i S Toxicology
L R . .
PN Food and Chemical Toxicology

. I']iﬁ._.

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

Assessing the combined toxicity of the natural toxins, atlatoxin By, R
fumonisin B; and microcystin-LR by high content analysis sy

Julie P. Meneely™*, Jana Hajslova’, Rudolf Krska®, Christopher T. Elliott”

“ Institute for Global Food Security, School of Biological Sciences, Queen's University, Belfast, BT7 INN, United Kingdom

Y Faculty of Food & Biochemical Technology, Department of Food Analysis & Nutrition, University of Chemistry & Technology, Technickd 3, 166 28, Prague 6, Czech
Republic

= Center for Analvtical Chemistry, Department of Agrobiotechnology (IFA-Tulln), University of Natural Resources and Life Sciences, Vienna (BOKU), Konrad Lorenz Str.
20, 3430, Tulln, Austria
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CHs; +L:3H3 ICI:HE
N O

O:/\/H H CHz H H Drinking water contaminated Food contaminated with
b \ﬂ/ﬂ\m with microcystinLR microcystinLR (irrigation
HsC OCHE \ ® 0 using contaminated water)
CH, HO" ~O
MicrocystinLR
O~__OH
O O
7 0 J\I/m
I HO 0 OH OH | | |
O  CH Maize and maizébased foods contaminated
° with aflatoxins and fumonisins

CH, OH NH.

—— N H
(Q\ /I\/ C

< HO CHa r;;.
H 07" 0cH, Ty
. HO™ Y0 .
Aflatoxin B Fumonisin B
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Contamination levels of aflatoxins, fumonisins and microcystins in Africa

Aflatoxins and fumonisins contamination of maize and maize-based products Microcystin-LR equivalents contamination in African freshwater habitats
Africa

Lake Victoria, Tanzania .13
Makoni, District, Zimbabwe [leSem 607
Lake Tana, Ethiopia ]3
Shamva District, Zimbabwe Eﬂ 432
Nyanza Gulf, Lake Victoria, Kenya l 81
Manicaland & Mashonaland West Provinces, Zimbabwe [SelSemms 1206
Nyanza Gulf, Lake Victoria, Kenya I 274
Kigwa Village, Tabora Region, Tanzania |44 y 1996
Lake Koka, Ethiopian Rift Valley l45
m 3 . . .
= Kikelelwa Village, Kilimanjaro Region, Tanzania |40 3 3137
'go Lake Ziway, Ethiopian Rift Valley ll,3
% Nyabula Village, Iringa Region, Tanzania &31_-—. 704 S
_a_: ‘g Lake Langano, Ethiopian Rift Valley ]1,5
;c; South Africa ::L;ééz .
8 % Lake Chitu, Ethiopian Rift Valley b
§ Humid Forest, Nigeria [S==%269 1 6923 ;
= o Lake Awassa, Ethiopian Rift Valley b
< Derived Savanna, Nigeria L7380 3 14620 w
c
© Lake Abaya, Ethiopian Rift Valley b
_F‘: Southern Guinea Savanna, Nigeria 2170 1 6500
g Lake Chamo, Ethiopian Rift Valley :'4
- Northern Guinea Savanna, Nigeria 756 1 11052
Lake Saka, Uganda '10
Sudan Savanna, Nigeria 530 J 2080
. Lake George, Uganda ‘)-5
Kikelelwa Village, Kilimanjaro Region, Tanzania :385_) 2284
Mwanza Gulf, Lake Victoria, Tanzania '1
Mozambique :L“O‘— 11453
: Lake Baringo, Kenya ]3
Burkina Faso [ tetBdemy 5506
Maximum concentration (pg/kg) Maximum concentration (pg/L)
@ Aflatoxins B Fumonisins l Microcystin-LR

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Contamination levels of aflatoxins, fumonisins and microcystins in Latin America

Aflatoxins and fumonisins contamination of maize and maize-based products Microcystin-LR equivalents contamination in Latin American freshwater habitats
Latin America

Palmar Reser'-.-'oir, Uruguay I 2662
\Ver -
/enezuela b 3433

Baygorria Reservoir, Uruguay

Venezuela tsn —d 15050
Entre Rios Province, Argentina Ell ) 16100 E

Bonete Reservoir, Uruguay 2109

Lake Amatitlan, Guatemala

0

Entre Rios Province, Argentina Ell 1 34700 | |

» San Roque Reservoir, Cordoba, Argentina
- I
i
uo e : - 5
[ Rio Grande do Sul, Brazil . :
« E3 1 24581 o= Salto Grande Dam, Argentina ]49
n O
2 £
- . S s 50 -
§ Santa Catarina, Brazil E 1 10080 & Chapultepec urban lake, Central Mexico l78
o =
O v
© Parana State, Brazil F17 - : ic
O Z | 66274 w Tlameleca man-made channel, Central Mexico
©
E 6
<é 22 Departments, Guatemala J 17100 Cuemanco, man-made channel, Central Mexico
=
1)
-

Northern Parana State, Brazil F—Sﬂ ] 18780 Los Angeles Reservoir, Central Mexico

Northern Parana State, Brazil P"a—l 22600 Cienega Chica Lake, Central Mexico
e . Atotonilco lake, Central Mexico
Central_v‘{estern parana State, BI'ale b 22000 il ]

Zumpango Lake, Central Mexico
Central-southern Parana State, Brazil b 2880 g

Maximum concentrations (ug/kg) Maximum concentration (pg/L)

N

R

@ Aflatoxins B Fumonisins : .
B Microcystin-LR

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Contamination levels of aflatoxins, fumonisins and microcystins in China

Aflatoxins and fumonisins contamination of maize and maize-based products Microcystin-LR equivalents contamination in Chinese freshwater habitats
China

Lake 2, Three Gorges Reservoir Region, Chongging Region l 6

Lake 1, Three Gorges Reservoir Region, Chongging Region 0.8
. Drowi 531 :l
Guangxi Frovince 3 Well water, Three Gorges Reservoir Region, Chongging Region ]0.2

Lake Chaohu, Anhui Province I 3
Meiliang Bay, Tai Lake, Jiangsu Province | 16
Wuli Lake, Tai Lake, Jiangsu Province I
9638 Pond water, Haining City, Zhejiang Province ' 2
River water, Haining City, Zhejiang Province l 1

Tap water, Haining City, Zhejiang Province I0.01

, . : 2
Shaanxi Province l17 Well water, Haining City, Zhejiang Province I0,01
Deep-well, Tangjia Township '0
Deep-well, Xinhai Township '0

Fo Shallow-well, Yuelai Township |0

37000

Freshwater body

Regions of China

Fusui Area

Shallow-well, Linjiang Township l 0
Haigi River, Desheng Township IO
Haimen River, Xinhai Township El 0.2

37 . . o I§
Huaian Area 7 5900 Pond/ditch, Sanxing Township 0

Pond/ditch, Desheng Township g 0.3

Pond/ditch, Tangjia Township [' 0.1
Pond/ditch, Linjiang Township DO.I

Huantai Area F"_ — l
| 12500 Pond/ditch, Yuelai Township go-3

Maximum concentrations (pg/kg) Maximum concentration (pg/L)

@ Aflatoxins @ Fumonisins @ Microcystin-LR

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Estimated exposure

Reference

Country Biomarker Concentration

(Lg/L)
Cameroon Urinary AFM 1.38
Nigeria Urinary AFM 1.5

Brazll Urinary AFM 0.0069

Brazll Urinary AFM 0.0042
Fushui County, China Urinary AFM 3.2
Shanghail, China Urinary AFM 5.2
Cameroon Urinary FB 14.8
Nigeria Urinary FB 12.8

Hualan County, China Urinary FB 13.63
Fusul County Urinary FB 0.72

Mexico Urinary FB 0.147

South Africa Urinary FB 0.225
Anhui Province, China MCLR (serum) 0.39

Three Gorges Reservoir, Ch  Estimated from food /
And water consumptior

CaruaruBrazll MC-LR(serum) 133

(Lg/kg/bw/d)
1.15

2.5
0.0018
0.0014

3.68
4.33

123.3
/6
1.67
2.12
0.368
8.14

0.065
0.203

11.1*%

Abla et al, 2013
Ezekiel et al, 2014
Jager et al, 2014
Jager et al, 2014
Zhu et al, 1987
Qlan et al, 1994

Abia et al, 2013
Ezekiel et al, 2014
Xu et al, 2010
Xu et al, 2010
Gong et al, 2008
Westhuizen et al, 2011

Chen et al, 2009
LI et al, 2011

Pouria et al, 1998

*Acute poisoning of dialysis patients during haemodialysis

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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In vitrotesting using
nigh content analysis

Cell health profiling / Interactions of toxins Appropriate cell lines Realistic concentratio
cytotoxicity / single
toxins / combined tox

Cell number Antagonistic Human hepatocellular Reported

Additive carcinoma (HepG2 cells) biomarker/serum

concentrations In the
literature

Nuclear morphology

Human epithelial colorecta
adenocarcinoma (Cae?) cells

Mitochondrial health Synergistic

Madin-Darby bovine kidne
epithelial (MDBK) cells

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Relating than vitro concentrations used ta vivoconcentrations In humans

Toxin In vitro In vivoconcentration Rangepopulation Tolerable Dailly Intak
Concentration (Lg/kg/bw/d) exposures (TDI)
(Mg/L) (Lg/kg/bw/d) (Lg/kg/bw)
Aflatoxin B 0.1 0.0003 0.0014¢ 4.33 ALARA
2 0.006
10 0.033
100 0.33
500 1.6
Fumonisin B 200 0.67 0.368¢ 123.3 2
1000 3.33
2000 6.67
4000 13.3
8000 26.6
MicrocystinLR 0.2 0.0006 0.065¢ 0.203 0.04
1 0.003 11.1¢ fatal poisoninc
5 0.017
50 0.17
250 0.83

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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ESTE1845

1. Cell/sample preparation 2. Image & data collection 3. Image & data visualisation

File m Display Tools Help »+ Thermo Scientific HCS Studio: View - [Well Detail (Plate: AS_VTI_Z1_040803150002) (Creator: cell) (Creation Date: 8/1/2013) (Protoco I: CTX_20x_3Ch_X1_2x2_1x_s) —|/(=] L—E‘:S—J
PBS B e | i 7 File Plate Spreadsheet Graph Window Help
uffer SISF ) f. e
L & Field: |2 Channelis: 1 2 3 | % §ia & §i- | Field Pattern: [ [ | 49 Zoom:[16  JH %
‘,; 2] ' MEAN CircAvglntenCh2
2000 @ *
L
o’ * @ o %
1750 . * » an ° °
° @ (9
° ®. . ® " ®o, oo
PY L 2 ™Y ” ryg
Cells + target S . |
g Q ° ®
8 1250 . L ®
£
compounas o
< 1000
- - -:
@)
48 hour incubation .
Z 750
<
Fl td dded =
‘ = =
uorescent ayes adade | : 500
~ ) - 1 S | overla y Feature
£ g b AN_CircAvgintenCh2 ~ NON E &
0 s3 ' : 250 =
% g : @ o8 *® Sg08 *
*,0% eao® o . e e ®ate snq00 ete®00 POl R
4 »
f " 0 E T T T T T it T T
. o e o 5 N w & o ~ ® ©
e 172 A4cc 7 ol¥inii19 N EN & 1) o N S 1)
— » 000000
. : r 000000 @ WELL
A L, o !
& o N0 C “".‘ . 1 [ 2 [ 3 [ 4 | 5 [ 6 [ 7 [ 8 [ 9 [ 10 [ 11 [ 12
4 <.t D“.“‘ SEEE( A 16322 14125 105 46 12182 142.91 118.06 18516 1832.7 189114 1718.74 1626.97 1574.24
KEEH : @ O B_|99.77 100.21 1138 132.15 157.96 1633 1783.63 1870.22 1668.88 1771.49 1629.19 1237.79
000000 | o
" - R c 818 153.35 176.82 143.64 139.13 187.51 1988.36 1807.65 315.67 1705.35 1601.93 1309.65
a0 - | F “.“‘ IO D_|98.21 150.46 162.35 139.4 154.77 157.07 1954.37 1918.07 1790.81 1668.14 1799.88 1579.77
Nad By -~ 000000 ' E_|90.83 167.95 1256 107.87 128.15 11752 11653.43 1711.87 1857.29 181353 1744.22 1752.96
- & B8 T Y vr T F_[127.14 109.75 117.81 105.29 112.93 120.43 1762.93 1712.74 1686.54 1612.21 1523.68 1262.24
[ ST ] ] GRS et 2l
> &3 HO0000® « : G _|88.91 10438 96.49 124.41 116.02 112.98 1676.43 1654.47 1618.29 1746.41 1334.25 1399.99
H |73.95 127.06 95.36 63.62 125.83 118.55 1587.34 1596.86 1272.3 1654.46 1659.97 1488.63
L] L] L]
Configure imaging methods T e =

Exposure analyses WEre performed In trip”cate on three independent Phenotype selection Fluorescent images acquired Quantltatlve data coIIected for individual
occasions and the results expressed as the mean percentage of the Scanning cells/cell populations
solvent controk standard error of the mean (SEM) of the exposures.

Fluorescent probes: Assay configuration: Data:

1. Hoechst nuclear stain, cgldermeant dye that emits Optimise exposure time Selected object count
blue fluorescence when bound to DNA. |dentify objects Mean object area Chl
Cell number - Background Average Intensity Chl
Nuclear area - Size/Shape Mean object aredh2

Nuclear intensity - Intensity Average intensityCh?2

2. MitoTracker® Orange CMTMRos,-peltmeant orange Validate objects
dye that accumulates in mitochondria. Selection of objects
Mitochondrial mass Scan plate

Mitochondrial membrangotential

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Cellulamarameters measurec
Significance

Parameter

Cellnumber (CN)

Damage to cell structure and function are the first consequences of a toxic impact on cells
therefore a live cell count Is a very sensitive indicator of cell stress.
Decrease = cell death

Increase = proliferation

Nuclear Area (NA)

When subjected to acute toxinjury, cells will swell initially and finally rupture or shrigk.
necrosis (traumatic cell death).

A decrease In NA (cell shrinkage) signifies apoptosis or programmed cell death.

Nuclear Intensity (NI)

When cellular injury results In nuclear condensatzaml cell shrinkage, an increase IS observe

for NI. This correlates to NA.

Mitochondrial Mass (MM)

Enhanced biogenesis of mitochondria can increase MM due to Increased mitochondrial

respiration and this often corresponds with reduced MMP. Activated during times of cellule

Stress.

Mitochondrial Membrane Potential (MMP)

Apoptotic cells often exhibit a significant decrease iIn MMP, however, In the very early stac

apoptosis a relative increase in MMP can occur.
www.qub.ac.uk/igfs
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Results: Cytotoxic effects of individual biotoxins

@ MT PO~ ‘No effect @ MO Pp:-

Cell number (CN) (0K 1 ONAMO X nonpo

13 MT ®/E > MO PM: TH C PCi:

Nuclear Area (NA) PX nodannanm@Pp>X ndananmuop>X ndapbo
Nuclear Intensity (NI) No effect No effect No effect
Mitochondrial Mass (MM) b MH GO LR 3 ,NO effect
P>XXK ndnnmPyp>X nd®Pnnmvo
\ J Mitochondrial Membrane Potential NGO effect NGO effect NGO effect

(MMP)

Significant differences at the 95% confidence level between the control and treated groups were determined by one
gFré& ! bh+! FFTYR 5dzyySuiuQa YdzZf GALI S O2YLI NAAZ2Y |aasSaavyYSyuo

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Solvent control AFB1 500ng/ml

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Cytotoxic effects of binary mixture AJAEC-LR exposure

Treatment with binary mixture - Aflatoxin B,/Microcystin-LR

HepG2 Cell Line

a b C

1004 — 1004 =
D ] L] ﬂ L] ]
01 2 10 100 500 AFE1 0.1 2 10 100 500 AFEA
ﬁé} f‘@ n2 1 ] s 230 MZ-LR f& ﬁ{} 02 1 ] 0 250 MC-LR
] &
# &
Lo @

Cell Number (%)

Nuclear Area (%)
Mitochondrial Mass (%)

Cell number (CN) (C§>KM ]l\;' CCE]?"M I}l)o effect No effect e I I I I [

AFBEA
MC-LR

+‘§1ﬁ . . %dfm . . ﬁﬁ . .
D H:A 0 dT1i3
Nuclear Area (NA) 5 Y ""No effect 5 i VDBK Cell Line
PXK ndnpu P ndnp ™ '
Nuclear Intensity (NI) No effect No effect No effect 210 . I I I I l
_ _ M Pcera ORI ﬂﬁ;ﬁﬁ Lot or oz o
Mitochondrial Mass (MM) D =0 P " No effect
PXK ndnpm>X ndPnmu
Mitochondrial Membrane Potential Caco-2 Cell Line
No effect No effect No effect
(MMP)
HepG2 cells: Cace2 & MDBK cells: 21 - *
Same endpoints Only 1 endpoint affected E
affected as for AFB compared to AFBsingle :
single exposure. eXposure. _ﬁ;ﬁ' A I
Effects are less Effects are less significant. T e concontation g
significant.

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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AFB1 500ng/ml AFB1 500ngni:MGLR250 ng/ml

Training School: 2729 November 2018 www.qub.ac.uk/igfs



QUEEN’S THE INSTITUTE
FOR GLOBAL
pivesm | | G S s,

Cytotoxic effects of binary mixture FBIC-LR exposure

Treatment with binary mixture - Fumonisin B./Microcystin-LR

MDBK Cell Line

150 150

n ) T "
Q@ MmN dPM: 3 >
Cell number (CN) " = 1001 = £ 1004 =
(PK ndnpuv " z
: L
5 a0 E o0
Nuclear Area (NA) No effect 3 e
&
. rb M ” CI) H'E:Z‘ : \5‘} & 200 1000 2000 000 000 FE1 : -@‘-& 200 1000 2000 4000 B0 FE1
Nuclear Intensity (NI) , T B 7 S I I B S
(P>K ndnnmvu &8 &7
Toxin Concentration (ng/ml) Toxin Concentration (ng/ml)
Mitochondrial Mass (MM) No effect
Mitochondrial Membrane Potential
No effect

(MMP)

Training School: 2729 November 2018 www.qub.ac.uk/igfs
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Cytotoxic effects of ternary mixture AFBB,/MC-LR exposure

Cell number (CN) (%)KM;) cq;gp L,)No effect (C§>KM ]“1/' Cq;;)p 4
Nuclear Area (NA) (I:)bﬂﬁ nM c||\>/| HCD,?a,ij I}I)o effect (I;b>K Oncpcg? b 0
Nuclear Intensity (NI) No effect No effect (I;t))K qu)q))/'i; b 0
Mitochondrial Mass (MM) (FS>KM 1“1/' CCE!?M O(Iir)t))K C”q)qiligm O(Iir)bﬂﬁ p”CDq!:EAEp 4
x/iltl\czfls:r;ondrial Membrane Potential (rg)KM]J: CCEICPM ()NO affact NO effect

Training School: 2729 November 2018 www.qub.ac.uk/igfs




QUEEN’S THE INSTITUTE
FOR GLOBAL
pivesm | | G S s,

Assessment of the interactive effects of the toxin mixtures (additive, antagonistic, synergistic)

Several experimental designs exist for the study of drug/contamimaetactions:

1. Comparison of theoretical expected values deriy/®@m single contaminant exposure studies with the observed value
derived from ceexposureexperimentsWeber et al., 2005)

2. ChouTalalay (2006nethod usingsobologram analyses and quantification of the antagonism or synergy by calcula

of a combination index (Le et al., 2018

Expected mean values:
Binary mixturemean (expected for AEB FB) = (mean (AFB+ mean (FBP) ¢ 10020
Ternary mixture: mean (AEB FB+ MGLR) = (mean (AEB FB) + mean (MEL.R))100%.

Expected standard error of the mean (SEM) values:
Binary mixture 6SEM (expected for AFB MGLR) = [(SEM for AjB+ (SEMMGLR3]Y/2
Ternarymixture: SEM (expected for AFBFB + MGLR) = [(SEM for AFBFB)? + (SEM for ML RF]Y?
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Assessment of the interactive effects of the toxin mixtures (additive, antagonistic, synergistic)

Additive effects:
Measured parameters are not significantly above or below the expected values.

Antagonism:
Measured parameters > expected values for cell number, nuclear intensity and mitochondrial
membrane potential and < the expected values for nuclear area and mitochondrial mass.

Synergy:.
Measured parameters < expected values for cell number, nuclear intensity and mitochondrial
membrane potential and > the expected values for nuclear area and mitochondrial mass.
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Endpoint

FOOD SECURITY

Cell Number

Nuclear Area

Nuclear Intensity

Mitochondrial Mass
Mitochondrial Membrand?otential

Cell Number

Nuclear Area

Nuclear Intensity

Mitochondrial Mass
Mitochondrial Membrand?otential

Cell Number

Nuclear Area

Nuclear Intensity

Mitochondrial Mass
Mitochondrial Membrand?otential

AFB/MC-LR
(ng/ml)

0.1 2 10 100 500
0.2 1 5 50 250
Antagonism Antagonism Antagonism Antagonism Antagonism

Antagonism
Synergy
FB/MC-LR
(ng/ml)
200 1000 2000 4000 8000
0.2 1 5 50 250
Antagonism
Antagonism Antagonism
AFB1/FB1/ MR
(ng/ml)
0.1 2 10 100 500
200 1000 2000 4000 8000
0.2 1 5 50 250

Antagonism Antagonism
Antagonism  Antagonism

Synergy
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Endpoint AFB/MC-LR
MDBK Cells (ng/mi)
0.1 2 10 100 500
0.2 1 5 50 250
Cell Number
Nuclear Area Antagonism
Nuclear Intensity
Mitochondrial Mass
Mitochondrial MembrandPotential
FB/MC-LR
(ng/ml)
200 1000 2000 4000 8000
0.2 1 5 50 250

Cell Number

Nuclear Area Antagonism
Nuclear Intensity

Mitochondrial Mass

Mitochondrial Membrand?otential Synergy
AFB1/FB1/MA.R
(ng/ml)

0.1 2 10 100 500

200 1000 2000 4000 8000

0.2 1 5 50 250
Cell Number
Nuclear Area Antagonism

Nuclear Intensity
Mitochondrial Mass
Mitochondrial Membrand?otential
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Endpoint

AFB/MC-LR

0.1
0.2
Cell Number
Nuclear Area
Nuclear Intensity
Mitochondrial Mass
Mitochondrial Membrand?otential
200
0.2
Cell Number
Nuclear Area
Nuclear Intensity
Mitochondrial Mass
Mitochondrial Membrand?otential
0.1
200
0.2

Cell Number

Nuclear Area

Nuclear Intensity

Mitochondrial Mass
Mitochondrial Membrand?otential

1000

1000

(ng/ml)
10
5

FB/MC-LR
(ng/ml)
2000
5

AFB1/FB1/ MR
(ng/ml)
10
2000
5

100
50

4000
50

100
4000
50

500
250

8000
250

Synergy

500
8000
250
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Summary & conclusions

1. The cytotoxicity revealed for AFBAFB/MC-LR, FBMC-LR and AFEBFB/MC-LR at the highest concentrations
tested Iindicate there 1potentiallya real threat to populationd exposed to these concentrations.

2. The antagonism exhibited between ARBId MGLR at all concentrations tested contradicts the hypothesis that
co-exposure to these toxins may exacerbate incidences of liver cancer BUT this may be as a result of the ce

tested In this study.

3. Synergisticeffects were observed for some endpoints at the highest concentrations tested In this studyM&FB
LR and FBVIC-LR ¢ lacking exposure data for M(R.

4. Atlow concentrations synergy was exhibited for the ternary mixture (AEBMC-LR)(NI) equivalento

exposures of 0.006, 3.33 and 0.003 pg/kg/bw/d for AHE and MGLR, respectivelfChronic exposure risk?

5. Further investigations are required using alternative cell lines and other additional endpoints such as ROS ¢

caspases activity.
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