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Summary

Hepatotoxi-cektkgvahnt foohpounds poses a significant
mild elevations i n i ver enzymes to severe |i\

contaminants such as mycotoxins (eagts ahktadudikhnorg

and polyfluoroal kyl substances (PFAS), pesticid
water. Chemical safety assessments still -l argel
dose toxicity is evaluatedebased on the administ
To refine the assgpeascimfeing tod x iocrigtayn, a novel appr
foll owing Al brecht et al. (2O 1l@)ntdmuwasmdawad $ edo

compame wiffre@ti ve concentrations with the simul a
portal vein at the ordlowedcsse oborerespoddOAgELRa etf I
Specificalliynt ear nafvidntiraps vo extrapolation (1I'VvI VE
physiologically basedmepdalrimmg owaseuased (PBPKdnver
LOAELs fr ondorseep eaantienlal studies into estimated pol
Unli ke in humans, -depemnmddrst tdchsegreec iafrsi ddicasder er se e f
repedatosce st adieg, ttmem a suitable reference. T he
modelCgadconcentrations at the LOAEL withirefJdietcto v

assays.

A total okl d0ambpodompbudideg PFAS, polychlorinat

phar maceuticals, pesti cdiweese, eavmad upaltaendt. cHoenpsattiott uoe
systematically extracted from publ itsehne d( Scaar es touf
Significance, S0S) , which provides a measure of

adverse effect severity iac nedfsfse actoimpeo ucnadnsc. e nTtor alteir
hepat hayteadl model s were employédest Wotldhkephat ma d
cultured primary rat hepatocytes.dchAyttoedsotxilcatityer
dropl et accumul ati on, and nucl éwansensemdr abpi deter

effective congcCe EICr ECi fooms €d &€Ch compound, cell sys

Compariismneibfereti ve concentratCihweal weshamotddélkedC
was performed to identify the most predictive as
a custom perfor mance -cnoentcreinct,r atthieo nTolxn dca x y( Tlislo) ,
deviation -dormare nthreat issrn diirneec tgci8ocrailiterid as claotgt er pl ot
i n Wwiintrvoo vo pair.

The results showed that the hepatoma cell 1lines
all assays (TIl > 0.8 vs. TIlIl < 0.8). Among the

performance and yielded the hitghesAggnemlaeéir ngf t p
\%



of all three assays into a single | owest obser ve
did not | ead to an i mpr epveernieonrtmidnogy tsbeetoufpl ti t y nt € &
H41 | EOJ & @6l |osf the compounds mat ched in vfiovlod c on
deviation, %awiot hiehl B &13d 16 a% gleet welé -0 410d , and onl
3.9 deviated by -imoré. tAanorldiiong t o PBPK model i |
developmnof &d&mpounds f-@bldngewmétbdbonasiaddled go
acceptabl e, and the remainder warrant further in
a quantitativei BsChawent itchre oforttlrd vein at the LO
mean fold error of 5.3 and a geometric standard

The resulting dat asred @srppevaidfeisc scpeemcéi eenst r & teil @ i on
and has potenti al utility for regulatory databac
Chemicals Dashboard. Further more, iinenmayeaenivegd
algorithms to predict the hepatotoxicity of unt e

efficiedtreearcihmani c al safety assessment strategi e

Vi



Zusammenfassung

Die Hepatotoxizit?at |l ebensmittelrelevanter Subs
°ffentliche Gemundbhdintemdarpekt r um, das von | ei
Leberenzyme bis hin zu schwerem Leberverismdgen r e
Kontaminanten wie My kot oxine (z. B. Af-luantdo x i n |
polyfluorierte Al kyl substanzen (PFAS), Pestizide
Die chemische Sicherheitsbewertungubasnerinbideha

die Toxizit?at icber die verabreichte Dosis nach m

Zur Verfeinerung der organspezifischen Risikobew
(novel approach met hodol ogy, NAM) nach Al brecht

in vundm sVerifcaohren zum iVherwifterechi vem Konzentrat
model |l i erten maxi mal en maPl asnma# e nz &rf torr & taideerr , ( @i
Errei chreine ddreibgesothearc hit @b @emt, oxi sc heni IDowe st (dHOAeErLY e
adverse effect l evel) auftrd nt er nbCea Wiént r eawiuvw ad e

Extrapol ationsstrategie (I'VI VE) mi t physi ol ogi ¢
(PBPK) genut zlo,s eurm aLUOSAEIL er st udi en in maxi mal e Pl
Pfortader umzuwandel n. I m Gegensatz zumg®b®ensche
Daten zu | eberspezifischen Effekten aus Toxi zit?
Referenz macht . 1@ocel Iwiaer bkiswWe di e smiitn dwistsraon s

gemessenen effektiven Konzentrationen zu verglei

Unt er sucht wur den i nsgesamt 40 | e uaamietrt el F A3,
polychlorierte Bi phenyl e (PCB) , Arzneimittel,

|l ebertoxischen Dosen wurden systematisch aus Pub
Ratte mit Hilfe eines neuen Bewertungssystems ( S
die Studienqualit2at bewertet und den Schweregrac
Zur Ermittl uing wWbfhe&enhitveati onen wur tepatdazyit eau
basierende Zell modell e -Xeklwleindieen gM4i| HBepdaijdael
pri mdre Rattenhepatozyten. Eind&yTedtolxatztidarrite nmiitp
Ansamml ung und Zell ker nauBZengh wwug d evi tetienlge s Bloe t |
effektive Konzme&ntECakghgme dleEGubstanz, jedes Zel
m°gl i¢ghjeden Endpunkt zu besti mmen.

Der Verglai eEftfdeekrt konzentrati ondm npGhiWodretne moam | |
LOAEL erfolgte mit dem Ziel, das pr2diktivste Te

spezieller Lei st ungsi-cnadni ckeanttorrat idoenr | Thodxeixc i t I I1)s,0

VI



Abwei chung vKoonnzeéetr asbonslinie in einem | ogari:

guantifiziert.

Die Ergebnisse zeigte&rll dassedi dehbepati mfhaen Rat
all en Assays ¢berl egen waren (TII > 0,8 vs. TI 1
Zytotoxizit?2tstest al s am pr2di ktivsten und

Testergebni sse. Die Aggregation der Ergebni sse

niedrigsten beobacht et eni |Eofweesktt koobnszeernvt erda t e fofne c(tL C

pro Zellsystem f¢i¢hrte zu keiner Verbesserung des

I m | ei st ungs sitd®ernk sZtyetno t Soexti wzpi-Z é it k& teisrmmti exrboHWeit E5 O
Subst anzienn Adifitfetrekt konzentr ahi eCh.8Mbe rmietn denmer hal b
Faktors von 3, 16 9% blergeem .i nWeglttbeBiebc2e5e meBe e i c hs,
im Berei ¢h0O/,0nund» nwmirc 3em um me Hracales adas -LlauG PE
Model |l i erungsstandards in der%AdemeSmhstahzan winic
Abwei chung von wefadgem al s gwetm Hi0Os akzeptabel, d

genaueren Anal yse.

Daraus ergi bt $inc iint dss#isis aoddze sdme quanti tiani ve A
Vi N der Pfort aBdaesri sauefrintfi@A B kihnmem geometri sche

Abwei chungsfaktor von 5,3 und einer geometrische

Der ent standene Datensat z i efert artspezifisc
Wi r kuBhegzsi ehungen und eignet sich potenziell fg¢r
PubChem oder das CompTox Chemical s Dashboard.
Tragedatensat z fer maschinell es Lernen zur Vor
ungetesteter Subusntdamzwerrudiedrferri enteren, tierver s

chemi schen Sicherheitsbewertung beitragen

VIl



Abbrevi

Abbreviation

3R
AC50
AFB1
Al
ALP
ALT
APAP
AS
AST
ATSDR
AUC
BHT
BPA
BUN
CBD
CcBz
CHOL
Cmax
CMFDA
CO:
COou
CREA
CRY
CTB
CuU
CYP1A1l
DBA
Dbili
DEHP
DINP
DIX
DMEM
DMSO
EC
ECHA
EFSA
EGTA
EMO
ETOH
f
F344
FBS
FFA
FRC
FTOH

g

ati ons

Description

Replace, Reduce, Refine; ethical use of animals in research
Concentration at 50 % maximal activity

Aflatoxin B1

Artificial intelligence

Alkaline phosphatase

Alanine aminotransferase

Acetaminophen

Arsenic

Aspartate aminotransferase

Agency for Toxic Substances and Disease Registry

Area under the curve

Butylated hydroxytoluene

Bisphenol A

Blood urea nitrogen

Cannabidiol

Carbamazepine

Cholesterol

Peak concentration

5-Chloromethylfluorescein

Carbon dioxide

Coumarin

Creatinine

Chrysin

Cell Titre Blue

Copper

Cytochrome P450, family 1, subfamily A, polypeptide 1
Dibromoacetic acid
Direct bilirubin
Di(2-ethylhexyl)phthalate
Di-isononylphthalate
1,4-Dioxane

Dul beccooés
Dimethyl sulfoxide
Effective concentration
European Chemicals Agency
European Food Safety Authority

Modi fied Eagl eds

Me d i

Ethylene glycol-b i samiboethyl ether)-N, N, Netjaabehf acid

Emodin

Ethanol

Female

Fisher 344 rats

Fetal bovine serum

Free fatty acids
Food-relevant compounds
8-2 Fluorotelomer Alcohol
Gram

u



GA Gallic acid

GENX 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate

GFME Geometric mean fold error

GFM Gemifloxacin mesylate

GGT Gamma-glutamyltransferase

GOF Goodness of fit

GSD Geometric standard deviation

GSH Glutathione

GST Genistein

IEG Isoeugenol

IMI Imidacloprid

IVIVE In vitroi in vivo extrapolation

kg Kilogram

LIN Lindane

LOEC Lowest observed effective concentration

LOAEL Lowest observed adverse effect level

LogP Logarithm (base 10) of the partition coefficient between n-octanol and
water

m Male

M Molar concentration, mol/L

mM Millimolar concentration, mmol/L

MEG Methyleugenol

MET Methanol

MOR Morin

mg Milligram

mL Milliliter

N.A. Not available

NAM Novel Approach Methodology

nm Nanometer

NOAEL No observed adverse effect level

NR Nile red

NTP National Toxicology Program

OAEL Observed adverse effect level

OECD Organisation for Economic Co-operation and Development

ORES Oxyresveratrol

PBPK Physiologically based pharmacokinetics

PBS Phosphate-buffered saline

PCB Polychlorinated biphenyls

PCB118 2, 3 0 ,-pentaghioroliphenyl

PCB126 3,3',4,4' 5-pentachlorobiphenyl

PFAS Per- and polyfluoroalkyl substances

PFBA Perfluorobutanoic acid

PFBS Perfluorobutane sulfonic acid

PFHxA Perfluorohexanoic acid

PFOA Perfluorooctanoic acid

PFOS Perfluorooctane sulfonic acid

POP Persistent organic pollutant

PRH Primary rat hepatocytes

PYR Pyridine



ROF
rpm
SD
SDH
SOS
SBA
TAG
TCAB
Thili
TEI
THIA
TI
Tmax
TRI
TRL
TSN
US EPA
w/o
w/

ML
UM

Rule of five

Revolutions per minute
Sprague-Dawley rats

Succinate dehydrogenase

Score of Significance

Serum bile acids

Triacylglyceride
3,3,4,4-Tetrachloroazobenzene
Total bilirubin

Toxicity Estimation Index
Thiabendazole

Toxicity Iso-concentration Index
Time at peak concentration
Triticonazole

Toxicity Research Laboratories
Triclosan

United States Environmental Protection Agency
Without

With

Microliter

Micromolar concentration, pmol/L

X1






1l ntroducti on

1. 1Hepatotoxicity

I'n humans and other hipdhers or gdarmniosms, rtolhe liinv evri t
xenobiotic metabolism, the processing of food, a
However, due to its role in metabol i sm, whi ch i

excretion oflichemical ks are exposedndogetncevataedd
exogermwwbst aanncde st hei r Mmbhtabekiposssre can potentia
dy sf un(cDeivoanr dth a& |l . 2018, RToot hmaeitn tali.n 2 h1le9 )h o me 0 s |
internal cmémi,chlesohasen special tphesictiircmuliast ory s
situlmetedeen the intestinal tract -anhdhthbhkosgst emir
organs of the gastrointestinal tract flows into
before entering the systemic citrhcaul ianiitoinal Comga
encourmat edrisver se set of substances, whinauht rdreentisng
dr ugs, enviroamédatcakrtaki-bspraddctManautou 2012;
201.9)

Exposure to potentially hepatotoxic substances
reactions, col | ectlindallcye dk rLa wre r(aAl n'jibsroyng .e(t Dlallll.) 2 C
can be <classified intedetpwomdenainahdr ps:edactdalslee
idiosyncratic forqwepehidehti bubl mayd-hnediadt edgi or
no-al |l er gi ci namudmerdo ra(tkeodl ar i ¢ et Wal |l e208@0Llpsyncrat.i
pose a significant challenge in clinical toxico
tractabbdependodset forms of i ver injury, which ¢

systems and ar e trhtuist astuiivtea brlies ki oars sgeusas me nt .

The |iverds response to toxicants can manifest
patterns, such mec rhoesptaktoolceesltlausliasrf | & mmattiid@nos,i s .
These i njury patterns are associated with spec
including oxidative stress, mitochondri al dysf ul
activation of inf{flGammatbry pat hivay2016; Mc Gi | | a

Understanding and qgreeeindttinng hepah idosej ury has
of modern toxicology, particularly as rdguwleat or

testing strategies.

Dri vetnhébyEur opean Commi ssionds -ORbaAmamalToWwastdsn
Chemical Saf et y( EAusrsoepsesamme n € @ mmmiwshsiicohn tadiOn2s3d )i mi nat e

regul atory ani meaelf foedtss tloy i 23 @ ment alternativ

2



i ntensTihfei eddopmnhiodmpm@rfoach met(NA WMeil mgiheepat ot oxic
assessment has acceleratedimnhwoivgdor tdes abyhst,ego a
physiologically basedmpbdat magokimaethi ae( PBRKNi ng
access tsoc al ar gteoxi col ogi cal dat abases, enabl in
approaches to hazaffd ehhamacé¢éebiozatitchre. transl ati
mechanistic specificity of such agprpd amscgheecsi,f itch e
testing systembt hiosughbr urcdhcassretd MAMTr oaches have
hepatotoxicity prediction in rats, I i mi traatti ons
hepat oayntdest,he absencedeafi vay § esapneastliidove st observe
adverse efli @AB) Papal et (al. 2018; Shah et al. 202

1. 2Food el evant coOomR&€shds

Foordel ated compounds cancobobmpdeéeadmtdamisnamesiicmalf o
feadhat can enter thearfioows cphat madggyhs ailirgdpluuadcitnigc e s
f ood pr occoerstsacntg ,maetnevriiragssiné ot @donnaturally occurri
(EFSA 2DRRelge FRCs can be further categorized

unintentionally present in ingredients, such as
persistent organic poll utants (POPs) ; b) subst
inchgdprocessingr al atsed pcorcteadmi nant s, and food c
substances intentionally wused to manage product.
as pesticides andAddétenminmady, dhuwgieaen phear make ut
environment via wastewater and contaminate the

potenti al route of indirectaexpdsurBeehbhreomugdl t h2
et al. 2025)

Chronic exposkURGsatno exexrrttaian wi de range of toxic

i ncl wedignegur ot oxi ci ty, cardiotoxicity, gastrointe
with the |liver being particularly susceptible d
Aflatoxin Bl, a natwurally occurriingg mlyatdhi ovaecrmt e e
toxicity and hepatocellular carcinoma through m

adduct formati on, p atnidc da sz wipwii fodhnatfd q@&@ong 2010; .
al. 20R®)awareness of these contaminants increas
prioritize their assessment within risk framewo
(Donohoe et @ilverOtllBegir wi despread occurrence an
FRCs represent a rel evant compound cl ass for

hepatotoxicity assessment .



1. 3Ai m of t hi s wor Kk

The aim ofwatsha sd estteurdnyi ne whet her it is possible
in the por tlawe ebts ie n adavie réfsHeatecvte | (LOAEL) mied ihmgl s .
Hepatotoxic LOAELs were systemahi etaowlayci d er isvteudd i
These welrtekdmr ansilmt@edpeak c qregcyxe mt rtehtei opnosr t a | vei
physi ol bgd epthdrd macokinetic (PBPK) modeling.

Thi s aprpeapracshendovel approach methodol ogy (NAM) f
by intaeqr adtaitmagp wi t h PBPK model ing. | tirehf enst tdaga
for hepatotoxic substances that are relekhant f C
European Chemi(EGH)S Mgreeacyer, this strategy supp«
potenti al reduction of ani mal t esti BrRg pirn nrce pu lea
( Russel and. Burch 19509)

To i nvestigate t he rel at nors lirpe rbtert ameieonn ¢ e fvaaede t
concentrations following hepatotoxic exposure (L
with-deélihed WwaEOAEewsal uat ¢ dvn wsdatsrtg hkbaantdtherreye di f f er e
hepat moyte€lse test battery included three distinc
of cel l damage: cytotoxicity, | i pi d dAcoepnitertalacc
objective of the study i s nmbd niadd mtni foyf tched | messyts tp
topti miizre tibtet o ng strategy.

A novel scoring system (" Score of Significance’
derivation of the-dloGAEIL ofxricamtryepdatdédes i n rats.
metric was i(mploameiotngd h tlonadtetxoon) eval uate and opt
predicti ve ioguaviinttrya plopfrcofaiceha Ihley ,ef f ecti ve c@ncentr
response cihweage C(BE@pahmed he si mul ated splakn ctome e
port al vein at the LOAELct whe fcehr esndrrass adsb adsa taenr a tnudr






2 Mat er

a l & Met hods

2. 1ln vimarteri al s

2.1l hstrument s

Tabllei st of

nstruments used in the | aboratory

Autoclave Systec VX-150
Autoclave 5075 ELV
Bright Field Microscope
Bright Field Microscope

Centrifuge

Centrifuge with cooling function

Fumehood
Fumehood

Incubators

Infinite M200 Pro Plate Reader

Laminar Flow Hood
Laminar Flow Hood
Laminar Flow Hood

Magnetic stirrer

Multichannel pipette manual

Multichannel pipette
Multichannel pipette
Multichannel pipette
Multichannel pipette
Perfusion pump

pH Meter
Pipetteboy

Pipettes

Pipettes

Pipettes

Pipettes

Pipettes

Precision balance
Precision balance
Reagent reservoir
Reagent reservoir
Sonification bath
Vaccuum pump
Vortex

Water purification system
Water purification system
Waterbath

Waterbath

Systec

Tuttenauer

VertAl Zeiss Axio cam 305 color
Primo Vert Zeiss Axio cam iccl

WWR Megastar 1.6R

Hettich Rotina 35

Electronics FAZ 2, Waldner
Kétermann

CO2 Incubator C150 R Hinge 230, Binder
Tecan

CLEAN AR SYSTEMS

Heraeus HERASAFE

Heraeus LaminAir HBB 2472
IKAMAG RCT, IKA

Gilson Pipetman

Research Eppendorf

Research Plus, Eppendorf
Research Pro, Eppendorf

Xplorer, Eppendorf

Fresenius medical care, Type D0132
CG 842, Schott

Integra

ErgoOne, Starlab

Pipetman, Gibson

Research, Eppendorf

Research Plus, Eppendorf
Reference, Eppendorf

Kern ALJ 200 5DA

Mettler AE240

Dual solution, Heathrow scientific
StarTub PP Reagent Reservoir for Multichannel pipettes
Labson 200 Bender & Hobein

BVC professional vacuumbrand
Vortex-genie 2, Bender & Hobein
Maxima Ultra-Pure Water, ELGA

Milli- Q® Integral 15 System, Merck
GFL 1083, Gesellschaft fur Labortechnik

Precision GP28 Thermo Scientific

6



2. 1C@8nsumabl

TabPlei st of consumabl

es used in the

|l aboratory

Cell culture microtiter plate black, 96 well

Centrifugation tube, 15 mL
Centrifugation tube, 50 mL
Filtropur S 0.2syringe filter
Omnifix yringe, 10 mL
Parafilm Wrap

Pasteur pipette, glass, 150 mm
Pipette Tips, 5000 pL
Pipette Tips, 1250 pL, long
Pipette Tips, 1000 pL
Pipette Tips, 200 pL
Pipette Tips, 20 pL
SafeSeal 5 mL microtube
SafeSeal 2 mL microtube
SafeSeal 1.5 mL microtube
SafeSeal 0.5 mL microtube
Seal alu

Serological Pipette, 50 mL
Serological Pipette, 25 mL
Serological Pipette, 10 mL

Serological Pipette, 5 mL

Tissue Culture Plat Flat-Bottom 96 well Plate

Tissue Culture Flask T25
Tissue Culture Flask T75
Vacuum Filtration Unit, 0.22 um

Weighing tray

Greiner Bio-One, Kremsmiinster, Austria

Sarstedt, Numbrecht, Germany
Sarstedt, Numbrecht, Germany
Sarstedt, Numbrecht, Germany

B.Braun, Melsungen, Germany

Cole-Parmer, Kehl/Rhein, Germany

Carl Roth, Karlsruhe, Germany
Eppendorf, Hamburg, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany

Sarstedt Numbrecht, Germany

Thermo Fisher Scientific, Waltham, MA, USA

Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany
Sarstedt Numbrecht, Germany

Sarstedt Numbrecht, Germany

655986

62.554.512

62.547.254

83.1826.001

1616103V

PM-992

4518.1

22492080

70.1186

70.762

70.760.002

70.1116

72.701

72.695.500

72.706

72.699

232698

86.1256.001

86.1685.001

86.1254.001

86.1253.001

83.3924

83.3910.002

83.3911.002

83.1822.001

719923211



2. 1CBemical

TabBlei st of chemicals

Acetaminophen

Adi poRedE Assay
Aflatoxin B1

Bisphenol A
Butylatedhydroxy tolune
Cannabidiol
Carbamazepine

Cell Titer Blue

Chrysin

Copper Il sulfate
Coumarin

Dibromo acetic acid
Dimethyl sulfoxide
1,4-Dioxane
Di(2-Ethylhexyl) Phthalate
Di-isononylphthalate
Emodin

Ethanol

8-2 fluorotelomer alcohol (FTOH)
Gallic acid

Gemifloxacin mesylate
Genistein

Glucose

Merck KGaA, Darmstadt, Germany

R e algrea) Basel, Switzerland

Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Biomol GmbH, Hamburg, Germany
Merck KGaA, Darmstadt, Germany
Promega

Biomol GmbH, Hamburg, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
PanReac Applichem

Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany

Biomol GmbH, Hamburg, Germany

VWR Chemicals,
Germany

Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Biomol GmbH, Hamburg, Germany
Biomol GmbH, Hamburg, Germany

Merck KGaA, Darmstadt, Germany

A7085
PT-7009
A6636
239658
47168
Cay90080
C4024
G8081
Cay17402-5
908940
C4261
242357
A36720050
589591
36735
49568
Cay13109
20821.2
532789-5G

8.42649

TGM-T1492-10mg

TGM-T1737-50mg

67021




Table 3 (continued) List of chemicals

Thermo Fisher Scientific, Waltham, MA,

Hoechst 33342 USA H1399

Imidacloprid Merck KGaA, Darmstadt, Germany 37894

Isoeugenol Merck KGaA, Darmstadt, Germany 34038-5ML-R
Lindane Merck KGaA, Darmstadt, Germany 45548

Methanol Carl Roth, Karlsruhe, Germany 8388.6
Methyleugenol Merck KGaA, Darmstadt, Germany 284424

Morin hydrate Merck KGaA, Darmstadt, Germany M4008

Oxyresveratol Biomol GmbH, Hamburg, Germany TGM-T3S1068-100m

2,36,4,406, 5-pent ac hCadRothpKiarfzrohe,isgrinanf P CB 1 1 81y YA.1

3,3',4,4',5-pentachlorobiphenyl (PCB126) LGC Standards, Teddington, England ERM-AC821
Perfluorobutanoic acid Merck KGaA, Darmstadt, Germany 164194-5G
Perfluorobutane sulfonic acid Merck KGaA, Darmstadt, Germany 562629-5G
Perfluorohexanoic acid Merck KGaA, Darmstadt, Germany 29226-5ML
Perfluorooctanoic acid Merck KGaA, Darmstadt, Germany 1809678
Perfluorooctane sulfonic acid Biomol GmbH, Hamburg, Germany Cay37233-25
Pyridine Merck KGaA, Darmstadt, Germany 1097280100
3,3',4,4'-Tetrachloroazobenzene (TCAB) LGC Standards, Teddington, England DRE-C17340000
2,3,3,3-tetrafluoro-2- Manchester Organics, Cheshire, United N27218

(heptafluoropropoxy)propanoate (GENX) Kingdom
Thermo Fisher Scientific, Waltham, MA,

Sodium arsenite USA 5/2330/48

Sodium oleate Merck KGaA, Darmstadt, Germany 03880

Sodium palmitate Merck KGaA, Darmstadt, Germany P9767

Thiabendazole Santa Cruz Biotechnology, Inc., Dallas, SC-204913
Texas

Triclosan Merck KGaA, Darmstadt, Germany PHR1338

Triticonazole Merck KGaA, Darmstadt, Germany 34172-100MG



2. 1 C4l | cul ture materi al s

Tabdlei st of cell culture supplies

Roche Diagnostics GmbH,

Collagen lyophylized (rat tail), 10 m . 11171179001
gen lyophylized ( ) g Mannheim, Germany

CryoPure cryovials 1mL Sarstedt, Numbrecht, Germany 72377992

Dexamethason Merck KGaA, Darmstadt, Germany D4902

Dulbecco's modified eagles medium (DMEM) PAN Biotech GmbH, Aidenbach, P04-04500
Germany

Freezing container (Mr. Frosty) WSS (R A7 Sl Wl sl 5100-0001
MA, USA

Gentamicin PAN Biotech GmbH, Aidenbach, P06-13001
Germany

Hemocytometer cover glasses Marienfeld Superior, Germany

Hemocytometer Neubauer improved Marienfeld Superior, Germany

Insulin transferrin selenite supplement (ITS) Merck KGaA, Darmstadt, Germany 13146

PAN Biotech GmbH, Aidenbach,

Penicillin/Streptomycin P06-07100
Germany

Phosphate buffered saline (PBS) (-), (-) , 10x "\r/lh:rrsosilsher ST, 70011-051

Sera Plus PAN Biotech GmbH, Aidenbach, 3702-P103009
Germany

FBS Good PAN Biotech GmbH, Aidenbach, P40-37500
Germany

Stable i L Glutamine DANBiotechGmbH, Aidenbach, 54, 5510
Germany

Trypan blue solution Merck KGaA, Darmstadt, Germany T8154

Trypsin/EDTA Merck KGaA, Darmstadt, Germany P10-023100

William's E medium PAN Biotech GmbH, Aidenbach, - b4 59510
Germany
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2.1 Materi al

for r at |l 1T ver

perfusi on

Tabblei st of materials for rat | iver perfusion

Albumin bovine fraction (BSA)
Calcium chloride
Collagenase

EGTA

Glutamine

HEPES

Hydrochloric acid (HCI)
Magnesium sulfate (MgSO4)
Potassium chloride
Potassium dihydrogen phosphate
Sodium chloride (NaCl)

Sodium hydroxide (NaOH)

SERVA, Heidelberg, Germany

Carl Roth, Karlsruhe, Germany
Merck KGaA, Darmstadt, Germany
Carl Roth, Karlsruhe, Germany
Merck KGaA, Darmstadt, Germany
Carl Roth, Karlsruhe, Germany
Carl Roth, Karlsruhe, Germany
Merck KGaA, Darmstadt, Germany
Carl Roth, Karlsruhe, Germany
Carl Roth, Karlsruhe, Germany
Carl Roth, Karlsruhe, Germany

Merck KGaA, Darmstadt, Germany

11

11926.02

Al19.1

C2674

3054.2

G3126

HN 77.5

X942.1

1.05886.0500

6781.1

3904.1

3957.2

1.06482.5000



2. 1Cef6l | syst ems

Threel | systems wer eh epsad brefyaviestkive e | | Il i mensd ( H4 1 |
Zajdela) and freshly isolated hepatocytes from n

2.1.184101 E

The adherent H4l 1 E cell 1line was purchgfad€cChr om
and is described as cells coll ecACC f2®@a2M™ )l i ver t

2. 1. Faj2del a

The Zajdela rat cell line is derived from a hep
Cytion (formerly GIO®,30®Brydduwankh2ed 2abd)lreear:ent gr owi ng
describednaswciedlnlo | ine established from(VYadare Zaj
Renswoude et al. 1979)

2. 1.Bri3mary rat hepatocytes

Mal e Wi stad@8@O0O8twspyoerder edhfar 6 @msSuRizvie&é d maamryd
housed f or aopnperecexki nbeetfeolrye bei ng uwshed afnd rmad xsp & reicra
nor mal feed ad | ibitum and werdahkdn®@it EBisolt He ai n
ani mal .Heapcaitloctyt es wer adeiscsoli dte@dd2 nbhodapuetured
described 2.n2.clhh&pt2erer f usi on experiments were coc
approved ani mal study protocol "Liver Perfusion
numbe©02804. 20.19. A399

12



Mat eri al & Met ho

2.2l n vmdtrhobods

2. 2CeIl | cul tur e
Tabé6eel | culture media
DMEM (PAN Biotech) 500
Sera Plus/FBS Good 50
Penicillin/ Strepotomycin 5

William's E medium 500 William's E medium 500
Sera Plus / FBS Good 50

Penicillin/ Strepotomycin 5 Penicillin/ Strepotomycin 5
Gentamicin 0.5 Gentamicin 0.5
Dexamethasone 0.02 Dexamethasone 0.02
ITS supplement 0.005 ITS supplement 0.005
Tabv@ell 1 ine specifics

Centrifugation 5 min, 100 g 3 min, 300 g

Trypsinisation 5 min + bump 3 min

Passaging once /m;eek twice /V\éeek
0.3x10°cells / T75 1.5x10"cells /T75

No. of passages after purchase 30 25

Volume of culture medium / T75 10 mL 25 mL

Medium change 3-4 days 2-3 days

Cultivation flask after thawing T25 T75

Doubling time ~ 26 hours ~ 24 hours



2. 2. Haddlofagl | | i nes

| f not explicitly stated,td hleoetinb| Ca lmiessh e @iefsice i p

i nstructions TadbbhaebdabbBend in

2. 2. 1Thiawli ng and freezing cell l'ines

For the <cell thawing process, a vial of cell s v
thawed A€ avaB&r bath for apprbhke mahawgd ooel Ims nv
transfembedft oo9damédiaunnmd (centri fuged at room t e
resi dual DMSO fsomuffhensuperznagant was careful |
cell pellet wasmbesfuswaemmedeliln d®l ture medium. F
transferred to a cultuA@ wWittal€®5 and incubated at

To freeze cell s, awasoepqtuiimaeld,c ebltle ada@myfs liaitg n&® i n &
fl ask. T hwea amsepd irvamh e d, weenwka ¢ hed ceh ¢mal WiBtSh  @iNDe x t 2
of t rwapssd che d , andwashmec Udats&kd as needed for each
brightfieldwamséonbscmed, hhdet athedel Twarpsbpperdtio
by addilLngf8 medi um, and wahsee rcterl il f WuesdT diaets isdvdp er n a 't

was emoved, and wheeswed perPdadd et nfreezing solutio
1% DMSO). The wsauwslpiegnusoitoend i nt o timbeeachyoVad ad cgo Iw
cells gradual Wwerfeitrhset cprlyaocveéedal ean i ce for 20 minu
freezing c®0A@i nktoe rah ontgor awe rtertahnes fveirarlesd t o | i qu
tanks.

2. 2. 1Sulb.c2ul tcuerlilng i nes

To maintain the cwelrkeepi ni cuT7hréelaskeyin cultur e
5% CRdhn the incubator.edllexr® cbeftakbhmesrpracss@mye d.
First, the cowhbvasmtedT D cfel avs k h PBS, amld afthen i
trypsin according to the conditions of (t(Thaeblreespec
7). The det asehteldecerldsusménoédciuht®8re medium and
50Lpol ysttyrbeene foll owed by centrifugati owaat r oot

removed, and the wasuwelstuispendmdd ulptedlrll2et medi um us
ser ol ogmlLc apli puét ee. cel | ¢ ouwwnatsianignt atihnee dc ublyt urroeut i n €
a certain number of cells, tailored to the speci

for further cul tivati on.
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2.2.1Colun3t i ng cells

A 1:20 dilution in cultwaepmdedéthmdmcwowunhi Tgypahl ¢
confluent T01i fmeals unfl37Brty@Pan BLueel+l 2Suspensi or
mi croliters wefrpetdadesd dihudi Nemubauer countdelgl chan

number pe (Eqmialtl)iolaintdert he Eguat2Zyombi |l ity (

HE 6¢ B ROOHRAA | \ .
$00u 6 ®mb dp Tt Equatl |

0& 00O 0 e b MBRONRN 6 & ol &

o 0 ROORRY i Equat2 |
ID K( O !Q‘ " I o, o ta, \‘ r
© 0w Yoo oama it

2.2.1Pllatd ng of <cell l'ines

Celwesrpel at ed one day prior-weéelbl tplkeat ene ntf ol @ eogverdo ¢ ¢
the steps outlined in2thel shfbRadtooboungi chapher
suspenmnaipornepared with the desired numberwad cell
i mportant to ensuwaesn ath alie Pooevit h9%elv wa biel i t weuleck per i
needbd oreconsi deweldl. Flb@l @9 f9B0®| | p esru swpeeripds & b a d

at room temper abgreat | YThenowlealt @acr oss t hes oludgarhch s
and wast direction (wiereubadednovamerths s may Cé
accumul ate primarily in the cwatleerf tofs ttamedi magl last
temperature for 30 minutes and tACe nwi% r@Rabst éd r e d

treat ment .
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2. 2. Hard! iprgi mdry rat hepatocytes

2.2.1120l1lating primary rat hepatocytes

The isolation of primary r at hepatocfees gwas ¢
G¢ent,heSar a, DBRituielri p a@alb Kygs hani na Grgas

To initiate the isolation, tdaepratmdroisaes eafn eksetthaemiir
xylazine and (&4mgp rkagmabzodiyewei ght 7ofAgklkd amodgwaingt
xylazine, and 1.7 mg/ kg bwhdiyebesi ggwtivaonfi na o eaprea ma z

injection. The effectiveness of the anesthesia w
mobility, and eyelid reflex.

After effective anesthesia, the rat was secured
moi stewhetd et hanol. The abdomen was <carefully op
suprapubic region, ensuring not to damage the pe

the middle of the first cut, prrwrcreismsgl sl o« gpihtoud dieru:
sternum waFsr owmi stthbebrees,v earcs &li ons aweorneg nahdee nr itbh ec a g ¢

directihenmpTa fully edpmisealt heawaibt y, similar inc
the peritoneum, taking care not to damage the |
gastrointestinal tract were then asned tahsed dpeo rttoalac
A |ligature was placed around the inferior vena ¢
then incised to i nperrftussyibotne meewhecbf wabesubsequ
with the prepared | igature.

To flush the blood from the Iiver, the portal ve
solutions to drain. Perfusion was initiated wit
mi nutes, leading to discolpradolohagdnahe bufvfeer
to initiate Iliver di gesti on, which was stopped

connectiong vteof otthheer or g acnasr eweurl ¢ yh yr efmo Ivilelwlevi n g

connective tissue ands pd merd om kufpfear.i di sh in
Under a sterile hood, the connectivef o ctesque was
release the cells. The resulting cell suspension

4AC for 5 migeapeedTlhd SWpernatant was discarded,
resuspended i n s bdplorod iysntywwhedrdeeby isnl owl 'y i nverti

The welrtlesemunted and their viabi patpgaadbsstd3as
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2.2.1Ce@l 2i vapgriiomaroff rat hepatocytes

After isolating and counting the%PRBHscehhdsanapan
of 500,000 cells per mL was pr eiprar@®0DdOp|Faotri nod antei dni
were seeded p-epate t-Wwa & BEStipphrree e 9 Bwiethds )pl at es. To a\
clumping and minimize potential cel | damage, tf
resuspendaetd phpdette tips were used to reduce she
The plates were then incubated for 3 to a maxi mu
to attach. Following the attachment,h6 -ftrieee cceaillltsurwve
medium to remavieacamed nbenBdR28BLY 9f -fsreseumcul tivat
medi onr any other iwasendededreatemeoh)well for <co
37@and%5C0
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2. 2EQperi ments

To maxi mize thdtiwseae a@fhdeaishe as many cell s as pos
perfor mepdr i mattrly r at i he pgitdahgdocwa hepsut for mat and, w

simultaneousl!l y.

Coll agen caatling!| aft e%6

Not Eor al | experiments involving primary r at he
consistently applied. I n contrast, for the cell
ass,ayas we initially aimed to maintain comparabi

conductAé¢edbrey ht gt Adll. ce2019 ines grew effectivel
was omitted i n Hohlee alsislage sRed and

To coat cell cul tur e2mylatagas tvaiitlh cod Il lagggeenn ,s od ult i c
di ssolving the c%Wladagtinc iacisd efrod ea ABi2n Fmumcoft 4
a wel | plGok,the60collagen solution wa2 mididetde$ o
before removal. The plates were then | eft to dry
cell seedingcoatheed cpollataegse nwer e waxs hPeBAIS.t hr ee t i me

18
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2.

2. Zyfiotoxicity test
2BAckground
CeBl TegE@BI | Viability Assay from Promega wa
S assay utilceesaimnaeraagdkeartk thllnie hdyes reduced
orescent dye resorufin in metabolically actiyv
ium changes color from dark blue to pink, wh
nge. The intensitiycadfi vfel wdr etshcee ncceel liss imed ab o
bility
2Pt eparatdiontatedndubst ances asemayCTB
the CTB assay, test substances were prepared
ted in triplicate, along with a vehicle contr
bei Biegur eFor consi stency across experiments,
used for concentration dil utwioofAl b rae cnhett heotd
.9)For swauét e compounds, the dilution series
ium and sterile filtered prior to use. For ¢
aPB%,r met hanol , the final sol wentwid dnae mtarxa tmi
mi ssible cotenmaaniannotell viabi®Ol tgf Elaeh
al diluted substance.
1 2 3 4 5 6 7 8 9 10 11 12
A QOO0  Orss
s VO00000V0000)
cOO00000VOO®O®D) @ suvsincer
XOITITIIITINIel I 1 1@,
e QO00000VOO@@®D) O sustance
FOOO000000V 0000
s QOO0 OO@®) @ suvsences
HOOOOO0O0O0O0O000O
1 2 3 4 5 6 7 8 9 10 11 12
A QOO0
AOICITITITICICITININITI@,
cQO00000000O0
AT IICITITIIVITIT]E;
e QOO0O00000O0OO0)
FOQOO00000000O0)
s QOO000O00OOO0
HOOOOO0O0OOO0O0OO
FiguGener al pl ate design for cyt.
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2.2.2Cel B Biltheyt ot oxichtyateseél |l | ines

The following experimental procedure is based on

bWl brecht JPatndalhas( 2b0ele9n adapted for theUndaesdsel a

ot herwise specified, the following instructions
48 h

20-24h
Zajdela~1h

H4IIE ~ 3 h

Readout
Em.: 594 nm

Plating Medium change

incl. test compound -

Fi gwRimMé me schedule and general overview of the Cell

Figwrpea ovides a chronologi cal sequence ®@&ArMdegener
washing the coated @Al kB8s f1bhr660tl mese wet hs wer ¢
The cells wer@O0Oi houlkdt ¢/@8Cnfrveitds hCRBnd examined unde
brightfield microscope t o tarsesaetsbsa adhe.|lpll amcer pwhaosl otgr
wit-B Qubstarmoesing to the de23c2idtlohs in paragr

The exposure perioda#@8BrhobescoAmpoevredred k amt hemd, ¢
under a brightfield micr osTthoep ea sts0® yais tshews tsreadshhe inrg m
the ptlharteees t i mes wi®@lh oP¥B SC B dr eladge nweir @ mediedmt o
each wdalilxwwehdsoncebtb pdast ebasekground wernd r ol s
i ncubated wunt iwa sab sceorlvoerd ,c hvatnmigceh t ypi cally takes

cells and approxi mat el yFltlharees honnaoces Waog meldd Er ec
reaawvéet h an excitati aom vaaawde laemn etmh sefi o;mdA@vavel engt |

The average fluorescence of the CTB background
fluorescence of the other wells. THBoesivnvcaehi Icil ey o
controls antdr eaatmpdunagl | s under went the same proc

20



2.2.2Cel 4 Biltheyt ot oxicity test in primary rat hery

The cytotoxicity test in primary rat hepatocyt es
hepatocytes Ad daerchitngtt al . (2019)
48 h

3h

@ Readout
) || e 500
Em.: 594 nm

~3h

T N 3]

Plating Medium change
incl. test compound

10 D/D FBS -

Williams E medium+ 100 U/mL penicillin, 0.1 mg/mL streptomycin, 10 pg/mL gentamcin, 100 nM
dexamethasone, 2nM glutamine, 10 ng/mL insulin

FigBifeme schedule and general overview of the Cell Ti

Where the physicochemical properties dfhea ssubasa
dilutions were prepared t heprdeapyarhkndfi ®mmne emerufriedi of
substances could be tested in botVolaastsialyes sduubrsitnag
and those soluble only in warm solveldthe wereéapr

dilutions were pl awedd ipn attreasn sagnadr es@to r @6 tohvee rdna yg |
treat ment , these prepared dilution series were
then shaken onranmsrti afkievre ami nluctOes. After the frest
had been attached for three2.houlr.s2@Raofdeser idbdd

compounds were applied to each well

Af ter-ha@aurd8i ncubat wenfe rtshte apnlaaltyezsed under a brigh
then washed three times waisdtihl uPtBeSd itToh e2ed@Teln cruel at guerne

medi um s pbehcei fpird mary rat hepatocytes, |ike the pr
t he wawihpmgwarimkBS 1®0 of the di | utaesdd d&TdB troe aegaecnht
wel | . Tiwe rtel eart eisncubated for apprA®ndét €Oyo? to
unti |l far ocnolbdrue olos @n mkda.Wwhy, t h ew af sh euaosr uersecde nucsei n g

pl ate (rSedalhee x c i5t9adtm cemMmi ssi on)
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2.2.2ipid droplet accumul ation test

2.2.2Background

The lipid droplet at¢tecwmueladalsiesamaNa $peearyfeodr metdo accor
Brecklinghausaed adapted 2 a)atnlde prratmaa el Istakdi rheesgp a
measure | ipid dropytot bormatomnenatoBttbbaescytogox
t esTto) .quantify the intracellular | ipids, a combir

dye Hoechst was used and no,r nbayl idzievdi dtion g hNei IHeo ercehc

by Hoechst fluorescence

2.2.2P2edaratdionutatmediubsct ancleispifdgrdr opl et accumu
t est

Test substance preparation was conducted with

A50mM stock ofwapalpmictpmtreedt hanolmMarsd oak 5@%&s ol eat
prepdamedMEMW I | i amépEamiddguniehdeisutem)st ock sol uti on
to set up acdénnaatmX®g FEM minxtaurle: 2 ratio of pal m
To ensure proper dissol uthMomnmntfaitmiendgrmedifamt wa s
at A7 for 30 minutes.

The test subtsha@mmses! weddeM nF FtAh eni &2 fmevdeinwcne nafr at i on
usiMs O, et hanoPB Somre tnheadnsoul sno | Sveernitasl weeirleetr f om sne d
with a factor ofs8cf2bho2as?2 .dles2cri bed i n

Fi gudriel l usttreategpi cal arrangiemenhe vd shiphbstiamderetss
experj metntstubst anceswepraen ap iy afeodu eicnhni cal, rwaptlhi c at €
| eashtrienedependentEacelpw6ibclatpelsat e @losd tii wel uWbind reao |

FFA mix) and a negative control (culture medium
A QOO0 A QOOOOOOOOOO0
s O@OO0O000O0O0O0O0 AOIVIGIOIGICITIVIVIVIO®,
cQ@OOO0O0O0O000O0 cQ@OO0O0O00O0OOOO
> QO@OOO0O0O0O000O0 0 Q@OO0O000O0OOO0
AO[TISIVIGICITIVIVICIOI®, e 0@O000000O00O0
HCICIOICITIVIVIVIVIICL®, FO@O00000O00O0
O VISISISISISIOIGIVIO® O OIOISIGIVIITIVIOL®,
HOOO0OOOOOOOOO HOOOOOOOOOOOO

‘ Medium w/o FFA O Compound 1in 62 uM FFA

O Medium 558 pM FF() Compound 2in 62 uM |

FiguPé ate | ayout for |ipid d
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2.2.2L2p8d droplet accumul ation test in rat cell

The following experimental procedure is based ¢
descriBreecbli nghausamrda hds beeOn2 2aadapt ed f or t he =z
systems. Unless otherwise specified, the foll owi

Fi glbpeovitdiemedanchegener al dvieprivdi edw oopfl etk saacyt h smu | a't
experiment was initilbt@@0 wli ibvhe HHdaltdlE®2 @ dO0OOG bfve c
Zajdepkaswfel dved d plate. The cell sAGueadd CBen aul ti
period24ofh@Wr s. Subsequently, the cellsdé morphol
mi croscdmpwpeé | owed wbiyt ht rtehaet neenstt substances, prepar
2.2.2.8tv2o0l umedlLofpex0o el |

48 h

20-24h 15 min

Readout
AdipoRed
Ex.: 485 nm
Em.: 572 nm
Hoechst

Ex.: 340 nm

Plating Medium change
incl. test compound

| 62 pM FFA mix |
PBS +

_ i

0.1% Hoechst
Fi gwbmMé me schedule & general overview of the Iipid

Af t4e8r hour s of ces¢presxami ned under a brightfield
their moTlphdodogyy ways wansihtiinagt didhee ptliamesf wil 1 o wRB S
by20O®lof stainimegr swdlult.i ohhe st ai oiPBgE swdltitht iNdrl ec a
(1:40) and Hoechst 10%:. BO®0) PBSpes&i OlLc &Ni lperr ed ar
wel | Si xwwehdbsboncebhkbd pllas ebasekgreoudhecartdasl|l sver
i ncubat emi nfuotresl5at room temperature in afheNidae k.
red (excihm@afi emi s dn8nd)n:armmdl2Hoechst nme x eimt atsii @m:: 4§

nm) were measured using a plate reader.

For anahgsbhackground fluorescence, cal cuflraged as
wel | s, was subtracted from all readings. After
Hoechst signal by calculating their ratio.
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2.2.2L2p4d droplet accumul ation teBRH)n primary
The procedure described here was optimized for p

byBrecklinghaus Atchdon@lo@@iac al seqguence and gen
can be Biegwr e n

48 h

> 10 min
Readout
AdipoRed

Ex.: 485 nm
Em.: 572 nm
Hoechst
Ex.: 340 nm

\ | EM.: 460 nm

Plating Medium change
incl. test compound

62 uM FFA mix
PBS +
Williams E medium + 100 U/mL penicillin, 0.1 mg/mL streptomycin, 10 2.5% Adipored +
pyg/mL gentamcin, 100 nM dexamethasone, 2nM glutamine, 10 ng/mL 0.1% Hoechst
insulin + 10% FBS
Fi gwbmMeme schedule & general overview of the |ipid d
To i mprove the complexation of the free fatty ac

in serum containing medium and the test substanc
concentration series of test S U brsata rdodensfeuw e roen i ro
maxi mi ze t hexmpemb.eneVhoblat i | e substances and thos.

solvents were prepared on the day of treat ment.

96wel | pl ates and SAtCor eldn o vheer ndiagyh to fatt rdeat ment , t
series were warmed in the incubator for three ho
for five minutes. After the freshly isolated rat

as descsebedonn.20a OL of the diluted compounds

I n comparison to the rat cell l ines, a slightly
t he AdiHweRenst staining solution. Aside from thes

the same steps2a8. @ eficeBirbetd del | l'i nes.
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2. 3Met hodgeher atmingat a

2. 3Physiologically bas@dBPpWMadanaicroki net

Physiologically based pharmacokinetic modeling w
t h®i mcyp Rat Simulator (C8r2deeart aSriancylp Liemisti @d s
Division) granted access to the Simcyp Simulato

(subject to conditions).

A PBPK model was devel oped for each of t he 4(
phar macokinetic behavior in rats at hepatotoxic
The models incorporated a range of physicochemj
par ameters, and data on absorption, di stributio

parameters were derived from phar macoKkiinedgiilci csat 1
prediction tools(KimcéudalCh ERMBAB Ariml ,etCoanp To2x0 2 4
(Williams ,etADMETI Dl 2h.g0 et, AIDMEZ®@DHbpEpn et, al . 2
pKCHIMPires etanalr.e ADMEES))LE®Xx et .al . 2002)

The simulations were c¢ohadwlceye dr autsi mad el Swirtahg ua
0. X9 . Each rat r eecesepievceid iac shuwelpsatteontcoexi ¢ UL ®AEDbror a
30 consecufihesePBIRAK smodel s were utilized d4ap si mul
in the I|liver, portal vein and systemic circulat.i
pl asma and whole bl ood, as wel | as the tot al an
for the | CugroncEmesati ons wiemrr eviilutsreakciolmpra rti lse n

(extrapol ation) to determi hae viwearsd mialnareftfyech e

concentimatviidmo

To ensure model reliability, al | simul ations we.Hl
studi es, focusiQOung pPAUCt jacvudl lalrelsy. oAnddi ti onal |y, a
validation was performed by a pharmacokinetic ex
the input parameters, validation studies and m

provi Gepgpli emMent

2. 3Validation dat a

To validat@int seedprcooach of this study, robust exrg
studies were required. These studies had to mee
and reliability for wuse in this analysis. The f

pkar macokinetic studies and chronic toxicity stud
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2.3.RPhdr macokinetic studies

For pharmacokinetic validation, only studies me

compound of interest had to be orally administer

mul tipl eeages imnglsfiibdteur es of s whantiancdserwer d hese

wereexcl uded.

The most reliable studies were those in which
pl asma, as opposed to indirect methods such as
To guar antCg.ed ead esromiindat i ommu,sith b sswef & usdaiinepsh it ng ,over

Si nc&€natahnedna@oul d not be reached at the first me a

2.3.8uRchronic toxicity studies

Al i s@preci fi cwabl@AkEIned by a significant hepatic ad
which is preceded by a NOAEL Swianlkeawdi aedatoari seée:
accortdend@ECD 08 407 gUOEEDI NMwWedr8h e most suitabl

determining advTethyep OELDf ebdlt8sdy was conducted for

enoughi mal s (10/ sex/ group) and hgeéf umi emtal yose,
especially <clinical chemistrys. @nudi ehsi st optat wel
conducted according to validapedi ki sannddd@ ANEGA EbLu t

were al so used.

2.3.RO2AEL definition strategy

An overview oniaktihneg dpercoicseisosn t hat | ed to the LOAE

FigureAfter clarihiegatiabl|l ef fthemewonk conditions

Standard available?
(e.g OECD 407, 408, NTP)
If not, does the study include:
«  oral, repeated dose
duration: 28 days — 2 yrs
= 3 doses tested ?

!

1 Are there significant primary
- effects in clinical chemistry ?

- — Is it possible to define an OAEL
Are there any liver-specific, by an SOS of 227

2, significantvariations in -

histopathology ?

LOAEL can be
- defined.

| Is a NOAEL definable ? |

Are there any liver-specific, less
3. significant primary effects and
secondary effects ?

Fi gwLOAEL definition strategy

LOAELWL owest Adverse EffNdctObhsareded NOAEdAr sé¢ NEf f ectal Ldoei ¢coN
iObserved Adverse EDfganikzatélon ®&dperEactoinoomiacn gCoB3d®Hed o meft ¢
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study duration and number of dipe esVaitlhaeblsd udea <w
data were examdapdntient aeflbeet and ssoing ntiof itchaen cceo 1
measur eimeentadver se effects were initially catalo
level ), and the | owest of these was designated
observed adverse ef fSeppbke mamitnbcee ftchuen dmeiarsur abl e
bi ochemical parameters varies great, ysaeaxdd adepen
(Gi kni s and ,Clpiaftfhodrirde gds0dlatt)wle rmed t u @ eTfhien eedf.f ect s we
classified as primary adverse eff eicntcsr,eaalshendc heal o
ami nhotr anslf)leasapaer t at e ami (WS o adni srfeecrta s@b i)li,ir udri n
secondary effectld wea.goh.t )c,hawmhgecsh icramg Mot ndebi 861a&)
(Tab®e

Ulti mately, this means that a liver LOAEL <can o
adverse effect or a | ess sign3e-sxeaemitf ipa idnafrfye rpd nic
recorded as accuratebhyaatdp daveidbdamedd ifsfeitxhh eL AAE las
formul ated accordisagsapecilffi cnodisfifgenriefncceasntwer e i d

observabl e adverssexwasfrfee auts efdor both

To evaluate the quality | evel of the LOAELS, a
significance (SOS), which is3ddsdrilbed in more d
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Tab8Rri mary

ALTal ani
ur e a

ne
nitr o-gcehno,l eGH @@L -cclr,e aC RMBAIncey,t oCYPR o0 me

& secondary

adverse

effects

ami notiahkbberasephAERhlsptaasat eASTmi notirbd rc

Pdli50e c tDbb il lii

gammpal ut amyl t r anissfeerudreeb,d cSBA i AAQI gl yidertiad e ,bi TBsrdusbr
significance

Primary adverse effects

Secondary adverse effects

SOS SOS
2 1 1
clinical chemistry ALT A Y Albumin z
AST g9 Y Protein Z9
ALP 9y ¥ CHOL z9
CET 9y ¥ TAG z9
Dbili 9y 9 Thil 9
SBA vy % Crea ¥
BUN y
Histopathology Hepatocyte Hepatocyte SOs=1
. o if no. of affected
Necrosis Vacuolization animals
Flbro§|§ SOS = 2 Hypertrophy o ctr
Hepatitis if no. of affected
Steatosis _ animals
(@] ctr
Bile duct
Hyperplasia
Other effects Glutathion 27 z Changed liver weight 9
CYP activity 27 z Liver coloration
gy, 2272 o 2 fold, Z o 1 - 2 fold, = Score
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2. 4St ati stical anal ysi s

The statistical analysis was done in close coope
Julia Duda from the Department of Statistics at
analysis the prog-wamssi.nsg O +a naghtda gtehceR VRer si on 2024.

weruet i | i zed.

2.4Clrve fitting and determination of

2.4 . Cytlotoxicity camdreHdedhstng

The <conc earetsrpaotnisen curves for the cytotoxicity an
based on the model sel edtliborecappreaabhedkER®OR2HhHhads
et al . u2032bhe R(PRatkage ditc 2015)

I n summary, three digdreamettlieomoldotd € Madélo-u( 4pLL’
Cousens(mBodaélnh and Couasnednsa 1f98%9%) profile) were fit
I nformation CAk&aeKkaeawaks0 tthjed)) cal cul ated for each
with the | owest AIC was selected for nor mal i zat

10 viability at the control and for final <curve

The effective concentration a@G%,wHdOcan deoeblfOl t hiea b i
contBEQ® HE@nHGé espedt wasl Yletermined for each com
These waeldefsined as the concentrationrasporhseh

cursiemtersected with an absolBDioe%widability value

For each fitted-offurtve(,GoaF)gowmdmesswas calkudeahtd

et al .. (MThEl1xQYoF was defined as 1 minus the ratio
model to the residu¢lguwd3ld).ioaX iGonF ovfaltuhee cnoeualnd not
f ofrlcadancamipr of i | es.

0V Op Equatsd

| f NOY &lICue could be derived due to insufficient

concentrati o% wiiaeHlidleidt y»)90or podr tnmge@eEC tHief i €dF a:

fgreater than the highest tested concentration
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2.4.Mi.2e red fit

The concernesrpactnisoen model ing of the Nile red assay
met hod desBrrecbkeldi nbgghaus. et al. (2022a)

First, raw fluorescence data were normalized: fc
the corresponding control values was <calcul atec

divided by this mean and mul tipl i ed sby elrGC nttoa goebs

To analyze droempangatrieolnat i-Mand hmeptsh o d h(eMWMCPi pl e C
Procedure and ModdIBirredg)z wds aap-pt20pgubyt at i sti cal .‘
accounts for model wuncertainty by incorporating

I n the first step (MCP) ,r etlhaet eedx iesftfeenccte woafs aa ssswels
sided contrast tests across the-wpsedefrirdegdradred

0.05 is not exceeded to adjust for multiple test

I n the second stfap t(iMogd )mo dtenle waesstsel ect ed based
step yielded a statistically significant result
concenirreastppoommse rel ati onshi pt evhsmadelu meals tThen sac

that the response at concentration 0O equaled 100

From the fitwatlumedeleyreEGerived, representing t|
response reax@hlees. ghLrLdclOECesponds to a 10% effect al

For each compoungvaltuhee frmeodm atnhrEeCe i ndependent e x|

as the representative val,we.l uMisniweuwun an d omadxeitneuw n
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2. 4Ca3l cul ati on of -ctomec eThotxriactiitoyn Ilsnod e x

A quantification paramet er was introduced for
opti mi zadiitoymoinsteextration index (TII1).
Th&lmeasures how well hepat of ox iwdawb | boeo de sctoinntaet netd

hepatotoxic compoundesstwssiynsg etmthe A prerequisite f¢
defined LOAEL and NOAEL. I n cases where one is m
descr ifMlebdr @cnht  esthoaul.d (b2e0 1uds)e d .

A TI1 1 of lanr eprineadrerht e tiwe evhintarmionw e e ntpragtraoml |  of
0.8 shows an averagecdeoveéemti ani é6molmi ndeoi sboO.

The TIlI1l is calculated by the following formul a:
e QL
pB T OEp®LT Equatd
4))p 5 z

which represents a set of compoun)sr aevprtérs @ntrianngg

effective don caenndlr rqga(tii)o nd enn octioivnoge ntthreat i on at t he L

The subsequent section wild.l provide a concise ¢
absolute value of the concentrwag<ahculadtied i fnr dm
hepat oitno xiiiot ryia @kse resultant value was then di"

compounds, n, and subsequent|5. sTchad epdu rupso sneg aaf stcl
factor of 5 is as follows: when the distance i nc
Consequently, TlIl decreasean fdiosnt dn ®de tios 05 0o whem
or mdoeobtain an index ranging from 0O to 1, wi t

resul t of the summed and scaled ratios was subtr
the TII

2.4 . Rentalty factors in case of missing positive
For the TII based only on cytotoxicity data for
needed. However, for t he i ndi cesorbaldeac hosnt |alpamnd
penalty factor was required. This aims to avoid
result from simply omitting compounds without a

S
mi ssing positive effectated bgplmudaemertyi wags t bhal a
concentration with a fsacctadrcudfat .onThvea sr @ shielnt ucsfe

penalty for the calculation of TII
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2.4.Q@e@metric mean fold error

The geometric mean fol d Eguatha odsdwscEri, p vads Yhenfgi reea d
al ., wag24sed to quantify theidewioamtwieon rladgti wenesn a
LOAEL iaamndciolmcentr ati o-perffor mimeg kkedtl,asyst emr amdde

a robust metric for assessing average fold diffe

"Oi')"O'OpﬁB E— Equath
2.4.Ce@metric standard deviation
To describe the variabilitiyn owintdtrhe cbetceéndir &t eéoar

the geometric standard deviation (GSEB)uwds omal cu

"0"YO p Tt 8~ —_— Equatéi

Where STDEV.S denotes the sampl e stladnd argd rd & vhinest
the concentTlhei G8Drae¢filoects the multiplicative s

is expressed as a fold factor.

2. 3Jse of artificial i ntelligence
I n the course of this dissertation, artificial i
formul ation of the text and in the creation and

empl oyed for the compositi onwaasndusreed ifnermetnrt arnd| &
i ngui$uincnfinand the TU Dortmund Campus Al pl a\
and optimizati(deept Emkxkbde025; OpenAl 2025; Te

DortmundN@QORBmages were generated wusing AIl, and
were conducfTaéé-swiptplorAled assistance was | imited
programming and did not influence the scientific
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3 Result s

3. 1lTest compounds and LOAEL defini

3.1 Hepatotoxicity of the selected tes"

The first step of the present study was to ident
using data from published rat +ts@xicecifti x d$toweises .ol

adverse effect |l evels (LOAELsS) hwermrepoysdteametxipea
measurements. These LOAELs were used toodegrive c
in the portal vein plasma via pharmacokinetic mo

wiih wiffreeati ve c@nceonod @Ot .TmdOerovi des an overy
t he ani mal toxicity st-spéeeisf iucs edOABL sdeffoirnet hlei
compoundddi tional detail s on individual study
Suppl eBent

Tab9@verview of toxicity studies

Studies used for LOAEL defi AT $DiRAm,e nicryc Ifwdi M@ x¢ lta rSai
Regi §BdiyRicker 344 imos, aNNAIPANRItée onal Toxi col oigOy gRarna
for Econmpné rcatCioon andSDieSvperlacipaneelney, TREAT®EXxi city Resea
USEPAUNi ted States EnvironnméinWiaslt aPrr ortaetcst i on Agency,

Compound Abbrevi Oral route Study Rat Tested Sex Animals/ Reference

ation duration strain doses sex/

[weeks] [incl. dose
control]

Aflatoxin B1 AFB1 gavage 5) F344 5 males 5 Qian etal. 2013
Acetaminophen APAP diet 13 F344 4 both 10 NTP 1993c
Arsenic AS drinking water 6 SD 4 males 18 ATSDR, Fowler et al. 1977
Butylated hydroxy toluene BHT gavage 4 w 4 males 10 Powell et al. 1986
Bisphenol - A BPA gavage 4 W 5 males 10 Hassan et al. 2012
Cannabidiol CBD gavage 13 SD 4 both 5 Henderson et al. 2023
Carbamazepine CBz N.A. 3 N.A. 4 both 6 Akunne et al. 2017
Coumarin Cou gavage 13 F344 6 both 10 NTP 1993b
Chrysin CRY gavage 13 SD 4 both 10 Yao et al. 2021
Copper CuU drinking water 13 F344 6 both 10 NTP 1993a
Dibromoacetic acid DBA drinking water 13 F344 6 both 10 NTP 2007
Di(2-Ethylhexyl) Phthalate DEHP drinking water 4 SD 4 males 6 Wang et al. 2020
Di-isononylphthalate DINP diet 52 F344 4 both 10 Lington et al. 1997
1,4-dioxane DIX diet 13 F344 6 both 10 Kano et al. 2008
Emodin EMO diet 14 F344 6 both 10 NTP 2001
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Tab®Econtinued)

Studi es

used
Regi st riyfRi sFc3medr

Overview of studi es

LOAEL definitiidAm,e nicryclfwdi Mg x¢ lta rSan
34dnotatasy aiNlid@lte onMTP Toxi col oigOy gharnd

toxicity

for

for Econmopné rcatCioonl amme miteSvperSDPa el ey r aTesxi CTiIRtLy Resea
US EPUni ted States EnvironmeinWiaslt aPrr ortaetcst i on Agency,
Compound Abbrevi Oral route Study Rat  Tested Sex Animals/ Reference
ation duration strain doses sex/
[weeks] [incl. dose
control]
Gallic acid GA diet 13 F344 5 both 10 Niho et al. 2001
(Zr;z;:)?;g‘l-:ztrrgz:J;;;g;(?/-)propanoate GENX  gavage 104 SD 4 both 80 Rae et al. 2015
Gemifloxacin mesylate GFM gavage 4 w 4 both 12 Roy et al. 2010
Genistein GST gavage 26 W 4 both 10 McClain et al. 2004
Imidacloprid IMI gavage 13 w 4 females 10 Bhardwaj et al. 2010
Isoeugenol IEG gavage 14 F344 6 both 10 NTP 2010a
Lindane LIN diet 104 w 5 both 15 Amyes 1990
Methyleugenol MEG gavage 14 F344 6 both 10 Abdo et al. 2002
Methanol MET gavage 13 SD 4 both 30 TRL 1986, US EPA 2013
Morin MOR diet 13 F344 5 both 10 Cho et al. 2005
Oxyresveratol ORES  gavage 13 W 4 both 10 Alma et al. 2003
2,306,4,46,5-penkRC8tlBlgavagebi phéadyl SD 8 females 80 NTP, 2010c
3,3',4,4' 5-pentachlorobiphenyl PCB126 gavage 53 SD 8 females 80 NTP, 2006
Perfluorobutanoic acid PFBA gavage 13 SD 4 both 10 Butenhoff et al. 2012
Perfluorobutane sulfonic acid PFBS gavage 4 SD 6 both 10 NTP, 2019b
Perfluorohexanoic acid PFHXA gavage 4 SD 6 both 10 NTP, 2019a
Perfluorooctanoic acid PFOA  gavage 4 SD 6 both 10 NTP, 2019b
Perfluorooctanesulfonate PFOS gavage 4 SD 6 both 10 NTP, 2019b
Pyridine PYR drinking water 13 F344 6 both 10 NTP, 2000
3,3',4,4'-tetrachloroazobenzene  TCAB gavage 13 SD 8 both 10 NTP 2010b
Thiabendazole THIA diet 104 F344 5 both 30 Fujii et al. 1991
Triticonazole TRI diet 13 SD 5 both 10 US EPA 2000
Triclosan TSN gavage 9 SD 5 males 6 Enaetal. 2018
Theavailsabuldee es vary in terms of experi ment al d e
comparability. For i nstance, di ffereft obdr alhead:!
compounds were admi ni% tveirae ddiveita vgeaavdadgle?,n B2i5n g wat e
durations ranged from 3 weeks %o |lak4 evde ebkest ,welewnt
14 weeks. Various rat %tofainhnlse wetr edieBnpwoygedr S@Hba
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3% usedneRi s344 rats and 17.5% Wi star rats. FurtF
sexesw)(,75whil e only a few wWer eorl inm#dyeesd (t105 f emal e

3.1.3%yd4tematic derivation of hepatotoxic LOAELSs
(SOS)
Taaccoubhhefomriability in study design and adhere
Ssystem was ianstsreodusel creell it @biid@mr o/i foifc t dhesrTihweadr € OAEL
ofsi gni ficance (SQS)ke OAELn deerbdyinzigguiart i t ati vely as:
severity and reliabilityAdoér odsvedriemdtegdvieesd ef
primary ancdcfsecdamndgrgya. hidtpiLepr i mary effects bei
indicative of signifikamtprtiomdrcy | aodv ecrad p méuft tceocntess,
waassigned for sigmiofifinetmante®d feicgnri aindandt effect
effectawerlehs chdirectl y | i whkeudnitfoo rhnel pya taostsoi xginceidt ya,r

poi.nttach obsermawedl afafteeadt and assigned to a corre:

To establish a LOAEL, the cumul ative SOS of adve
whi ch at | east 1 point mu st originate from the

adjustments ensure a more nuanced evaluati on:

1. Dosckependkehcyhe incidence or severity of the
dependent , or i f addi tional adverse effects
LOAEL, this was interpr ftank, as efl ervtamdr heyiad &
account for the increased reliability of the

ef feeiceapl ayidrgpedhaeacy

2.Study quality: Awemediitginemal f2 tfphei sttaady was ¢
established and validated standar ds, enhan

determination.

3.Limited dat:aAdawvaislea ba fl fi g oyt s described as S

estimated %(li. gher '@8@dmpar'e)dd wiot hoant ropeci fic

information (e.g., numbheaswrfrédaivérleu@escionad mai s
1 point.
Ani | | uestht &€ r atnido nuasl ee oaf the score of Tabb@ifican

which shows five representative case examples w
studies di f faemouinnt toffpeaveaarid abl e data wused for LC

clinical chemistry, hi stopathology of the |iver,
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Resul

Tabl@®pplication of the Score of Significance (SOS)

The application of the SOS is demonstrated using four example substances
SignificdrRt pef jved s2, f+oH d

Less signi f(ilcpmtiZna 2t cl+d

ALRPal kaline phosplsptaadat eASTi notalaasif ee aami n BitfTeamashbi®dir Glswet,at hi ornd,0owle®AEILO

Adverse Efmiemdl d,eividoltA. av NiTIRPNmIte onal Toxi colioSgeyr uPm obgirTaBni, eI BdAs , bi | i rubi n
hi stopathology with number of affected individuals/ total number of indi
Compound LOAEL Histopathology Total
[mg/kg/bw points
day] Adverse effect Points =S0S
Necrosis (5/10) ++,
Acetaminophen 1000 (f) Postnecrotic cirrhosis (10/10) ++, 6 8
Hepatocytomegaly (10/10) ++
Bisphenol A 10 (m) N.A. 0 8
Copper 68.09 (f) frronlc active inflammation (6/10) 2 9
Chronic active inflammation
Copper 68.09 (m) (10/10) ++ 2 9
Ethanol 3600 Cer!trllobular stegtoss +, Mallory 3 4
bodies +, Necrosis +
Methanol 2500 N.A. 0 2
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3. 12 Defined hepatotoxic LOAELSs
Finally, the systematically derived LOAELs and

(SOR}W)r e sumnmafdraibzlekd These doses serve as hepat ot oX
t he pharmacokinetic modeling, which transl ates
concenttatcaensases wherspposs$ibl e DAEes were det er mi
potenti al sex differences in hepat ocGRYYGISAi toy. Wh
PFHXA, exhibited identical LOAELsS across sexes,

was obskhe eldOAELs span a wide range, from just a
sevegraams (e. g., et hanol ). This vafiabmpoupdreyp
included i n t he test set , such a®nylosmmentalns
contaminant s, i ndustri al chemicals and pesticide

Tabl®verview of hepatotoxicity

Unl ess stated otherwise, data refer to both male ar
ATSDIRAgency for Toxic SulRegadifegmahndmdi dd@Neat i onal
ProgrGECDh Organi sation f-opefEatoinomi andCBOBWPel gpmémotr i n:
PFASPerand polyfluor o,al XQ8c osrueb sotfa nsddgédhT o xiiccaintcye ,Resear
US EPWUni ted States Environmental Protection Agency

Compound Abbrevia Compound type LOAEL SOS Reference
tion [mg/kg/bw]
Aflatoxin B1 AFB1 Mycotoxin 0.01 5 Qian et al. 2013
Acetaminophen APAP Drug (analgesic, antipyretic) 1000 (f) 8(f) NTP 1993a
Arsenic AS Element 6 (m) 3 (m) ATSDR 2007, Fowler etal. 1977
Butylated hydroxy toluene BHT Preservative 250 (m) 5(m) Powelletal. 1986
Bisphenol - A BPA Plasticizer 10 (m) 8 (m) Hassanetal 2012
Cannabidiol CBD Component of cannabis 140 (f) 7(f) Henderson etal. 2023
(cannabinoid)
Carbamazepine CBz Drug (anticonvulsant) 400 4 Okafor et al. 2017
) . 11 (f),
Coumarin Cou Component of cinnamon 150 12 (m) NTP 1993b
Chrysin CRY Component of e.g., honey, passion 1000 4 (f), vao et al. 2021
flowers (flavone) 9 (m)
Copper Cu Element 68.09 9 NTP 1993c

Dibromoacetic acid DBA P CIS IR (I 20 (m) 6(m) NTP 2007
contaminant

Di(2-Ethylhexyl) Phthalate DEHP Plasticizer 3000 (m) 4 (m) Wang etal. 2020
. 184 (f), 7 (f), .
Di-isononylphthalate DINP Plasticizer 152 (m) 8 (m) Lington et al. 1997
1,4-dioxane DIX Solvent 1614 (7). 8 Kano et al. 2008
657 (m)
. Component of e.g., rhubarb, 340 (f), 6 (f),
Emodin EMO buckthorn 170 (m) 5 (m) NTP 2001
Ethanol ETOH Solvent 3600 4 OECD 2004
8-2 fluorotelomer alcohol FTOH PFAS precursor 25 (m) 7 (m) Ladics etal. 2008
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Table 11

Unl ess stated
ATSDIRAgency

PFASPenrmnd

US EiPAni ted

Compound

Gallic acid

2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoate

Gemifloxacin mesylate
Genistein

Imidacloprid

Isoeugenol

Lindane

Methyleugenol

Methanol

Morin

Oxyresveratol
2,306,4,406,5-pen
3,3',4,4' 5-pentachlorobiphenyl
Perfluorobutanoic acid
Perfluorobutane sulfonic acid
Perfluorohexanoic acid
Perfluorooctanoic acid
Perfluorooctanesulfonate
Pyridine
3,3',4,4'-tetrachloroazobenzene
Thiabendazole

Triticonazole

Triclosan

for

(continued)

ot her wi
Toxi ¢
Progr@GeCD Organi sation

St ates

Overview

s e, dat a

Env

Abbrevia Compound type

tion

GA

GENX

GFM

GST

IMI

IEG

LIN

MEG

MET

MOR

ORES

PGBE13 |

PCB126

PFBA

PFBS

PFHXA

PFOA

PFOS

PYR

TCAB

THIA

TRI

TSN

Component of e.g., gallnuts,
sumac, tea, grapes and lemon

Environmental contaminant (PFAS)

Drug (broad-spectrum quinolone
antibacterial agent)

Component of e.g., soybeans and
soy products

Insecticide

Component of e.g., ylang-ylang
(essential oil)

Insecticide

Component of e.g., fennel, roses,
basil (essential oil)

Solvent

Component of e.g., Maclura
tinctoria (flavonol)

Component of e.g., white mulberry
(stilbenoid)

Envoobnmeptd @ntaminant (PCB)
Environmental contaminant (PCB)
Environmental contaminant (PFAS)
Environmental contaminant (PFAS)
Environmental contaminant (PFAS)
Environmental contaminant (PFAS)
Environmental contaminant (PFAS)
Solvent
Contaminant of herbicide synthesis
Fungicide

Fungicide

Disinfectant, preservative, and
deodorant agent
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refer
SulRegaditfegmandmdDi g ®#Neat i onal
fopeEztoinoami andCBOBVPel gpgmé or i n ¢
pol yfluor o,al XQ3c osrweb sotfa sdddhTd xiiccaintcye ,Resear
ronment a

LOAEL SOS Reference
[mg/ka/bw]
70.5 (f), 7 (f), .
64.9 (m) 5 (m) Niho et al. 2001
50 (m) 8 (m) Raeetal 2015
200 (), 7,
100 (m) 8 (m) Roy et al. 2010
500 7, McClain et al. 2006
2 (m)
20 (f) 3(f) Bhardwaj et al. 2010
300 4 NTP 2010a
24 (f) 4 (f)  Amyes 1990
100 9 Abdo et al. 2001
2500 2 TRL 1986, US EPA 2013
1701 (f), 6 (f),
613 (m) 7 (m) Cho et al. 2006
150 8 Alam et al. 2023
4.6 () 9(f) NTP,2010b
0.00055 (f) 7 (f) NTP, 2006
32 (m) 4 (m) Butenhoff et al. 2012
250 (f), 10 (f),
500 (m) 10 (m) NTP, 2019b
10 (f),
500 12 (m) NTP, 2019a
100 (f), 9 (f),
1.25 (m) 12 (m) NTP, 2019b
1.25 (f), 10 (f),
0.625 (m) 9 (m) NTP, 2019b
90 (f), 9 (),
25 (m) 8 (m) NTP, 2000
8 (f),
3 11 (m) NTP 2010c
112 (f), 3 (),
90 (m) 2 (m) Fujii et al. 1991
22.3 (f), 7 (f),
1117 (m) 7 (i) US EPA 2000
750 (m) 2(m) Enaetal 2018

hepatotoxicity

to both ma

Protection

e

ar

Agency
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A Acetaminophen Acetaminophen Acetaminophen
Experiment 1 Experiment 2 Experiment 3
120 . 100 ¢
100
m a L] -
. 80 -
: 80
X 80
":B: 60 60
2 7 40
> 40 40
20 - 20 A 20 1
0 ECxn=0437mM 0d ECx=0483mMm 0] ECx=0.427mM
T T T T I T T T i T T T
0 0.01 0.1 1 0 0.01 0.1 1 0 0.01 0.1 1

Concentration [mM]

Diisononyl phthalate (DINP)

0 10 31.6 100 316 1000
Concentration [pM]

Perfluorobutane
sulfonic acid
Experiment 1
120 ~

Concentration [mM]

Concentration [mM]

Diisononyl phthalate (DINP)

0 10 31.6 100 316 1000
Concentration [uM]

Perfluorobutane
sulfonic acid
Experiment 2

Concentration [mM)]

Concentration [mM]

Diisononyl phthalate (DINP)

Experiment 1 Experiment 2 Experiment 3
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D
o
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Concentration [pM]
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Experiment 3
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F) J
= 60 60 60
Ke]
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S 401 40 1 40 P
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Concentration [mM]

FigBCencentrasiponse AWPAPe ,DodiBS
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3.2.Qvelrview of assh§sedpdsointaincee test results acr
Systems
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TablZffective CcCOoOOE®)it cyttiodrmxi city testing in H4II1E cells

The median was calculated from at | east three independent repsicaspsct EXCelmyn anc
Compound Abbreviation EC,, median [M] EC;o, min [M] EC,, max [M] EC,, median [M] EC,, min[M] EC,, max [M] ECg, median [M] ECso min [M] ECg, max [M]
Aflatoxin B1 AFB1 2.30E-08 1.20E-08 2.70E-08 6.20E-08 3.90E-08 6.80E-08 3.56E-07 2.96E-07 4.49E-07
Acetaminophen APAP 2.64E-04 1.46E-04 4.89E-04 4.32E-04 3.00E-04 7.09E-04 1.23E-03 1.13E-03 2.45E-03
Arsenic AS 1.94E-05 1.24E-05 3.28E-05 2.54E-05 2.18E-05 3.38E-05

Butylated hydroxy toluene BHT 3.19E-04 2.93E-04 5.78E-04 3.68E-04 3.58E-04 6.42E-04 6.03E-04 4.37E-04 7.63E-04
Bisphenol - A BPA 1.78E-05 1.40E-05 4.87E-05 2.91E-05 2.60E-05 4.93E-05 6.67E-05 5.12E-05 7.25E-05
Cannabidiol CBD 2.36E-05 1.07E-05 2.75E-05 2.49E-05 1.19E-05 2.79E-05 2.91E-05 1.61E-05 2.93E-05
Carbamazepine CBz 1.15E-04 7.14E-05 1.34E-04 1.70E-04 1.25E-04 1.72E-04 3.09E-04 3.03E-04 3.41E-04
Coumarin cou 2.94E-04 2.76E-04 3.54E-04 4.59E-04 4.23E-04 4.60E-04

Chrysin CRY 2.60E-05 2.26E-05 3.14E-05 2.88E-05 2.65E-05 4.01E-05 4.20E-05 3.82E-05 6.08E-05
Copper CuU 2.44E-05 1.61E-05 2.55E-05 2.44E-05 1.45E-04 6.71E-04 6.89E-04 2.10E-04 7.09E-04
Dibromoacetic acid DBA 9.33E-04 8.69E-04 1.36E-03 1.04E-03 9.35E-04 1.54E-03 1.24E-03 1.16E-03 2.02E-03
Di(2-Ethylhexyl) Phthalate DEHP 1.51E-05 3.76E-06 1.90E-05 2.14E-05 5.88E-06 2.24E-05 3.29E-05 1.26E-05 3.88E-05
Di-isononylphthalate DINP 9.11E-05 7.18E-05 1.15E-04 1.51E-04 1.47E-04 1.70E-04

1,4-dioxane DIX 6.36E-02 4.10E-02 7.02E-02 7.64E-02 6.83E-02 9.12E-02

Emodin EMO 9.34E-06 8.42E-06 2.27E-05 1.57E-05 1.30E-05 2.52E-05 3.31E-05 2.67E-05 3.46E-05
Ethanol ETOH 6.80E-02 5.83E-02 1.13E-01 9.53E-02 7.04E-02 1.60E-01 1.69E-01 1.23E-01 2.88E-01
8-2 fluorotelomer alcohol FTOH 1.02E-04 9.41E-05 1.15E-04 1.02E-04 1.01E-04 1.25E-04 1.23E-04 1.04E-04 1.54E-04
Gallic acid GA 2.95E-05 1.57E-05 3.08E-05 3.11E-05 1.92E-05 3.40E-05 3.20E-05 2.71E-05 4.31E-05

2,3,3,3-tetrafluoro-2-

GENX 4.07E-04 3.32E-04 5.89E-04 6.33E-04 4.98E-04 9.22E-04 1.80E-03 9.86E-04 2.00E-03
(heptafluoropropoxy)propanoate
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Tabl2d conti nued) Effe

The median was

Compound

Gemifloxacin mesylate
Genistein

Imidacloprid
Isoeugenol

Lindane

Methyleugenol
Methanol

Morin

Oxyresveratol

cal cul

Abbreviation

GFM
GST
IMI
IEG
LIN
MEG
MET
MOR
ORES

ctive

ated

EC,, median [M] EC,, min [M]

6.78E-05
2.12E-05
1.77E-04
6.37E-05
2.03E-05
2.16E-04
4.18E-01
1.14E-04

8.02E-05

concentration

from at

4.40E-05
2.04E-05
1.44E-04
1.86E-05
1.45E-05
1.26E-04
3.29E-01
1.05E-04

3.90E-05

2,306,4,406, 5- pentPeErRIBB or OBIEPH e ny | 7.82E-05

3,3',4,4' 5-pentachlorobiphenyl
Perfluorobutanoic acid
Perfluorobutane sulfonic acid
Perfluorohexanoic acid
Perfluorooctanoic acid
Perfluorooctanesulfonate
Pyridine
3,3',4,4'-tetrachloroazobenzene
Thiabendazole

Triticonazole

Triclosan

PCB126

PFBA

PFBS

PFHXA

PFOA

PFOS

PYR

TCAB

THIA

TRI

TSN

3.59E-05

2.12E-04

4.89E-04

2.94E-04

1.70E-04

2.31E-04

5.22E-03

1.43E-05

1.87E-04

3.12E-05

2.19E-05

3.44E-05

1.42E-04

1.48E-04

2.51E-04

1.59E-04

1.61E-04

2.35E-03

1.40E-05

1.17E-04

2.76E-05

1.31E-05

| east

ECy max [M]
7.36E-05
7.45E-05
1.95E-04
7.54E-05
3.33E-05
3.04E-04
5.94E-01
1.80E-04
8.63E-05
1.45E-04
4.45E-05
4.19E-04
7.40E-04
5.32E-04
1.99E-04
3.79E-04
6.11E-03
1.69E-05
2.07E-04
4.40E-05

2.70E-05

s (EC)
three

EC,, median [M] EC,, min [M]

9.26E-05
3.40E-05
2.77E-04
8.42E-05
3.41E-05
2.80E-04
6.45E-01
1.40E-04
8.24E-05
1.06E-04
4.45E-05
5.19E-04
6.48E-04
4.41E-04
2.03E-04
2.82E-04
1.24E-02
1.46E-05
2.03E-04
4.43E-05

2.38E-05

4 4

of cytotoxicity testi

independent

7.05E-05
3.05E-05
2.39E-04
4.14E-05
3.07E-05
2.63E-04
4.51E-01
1.30E-04
4.30E-05
9.07E-05
9.48E-06
2.61E-04
2.89E-04
4.21E-04
1.64E-04
1.85E-04
5.86E-03
1.46E-05
1.40E-04
4.23E-05

1.68E-05

ng i

n

H41 | E «

reps icaspgsct ECelmy.n anc

EC,o max [M]

9.97E-05 2.01E-04
8.16E-05 7.74E-05
2.81E-04 5.56E-04
1.08E-04 1.76E-04
4.96E-05 1.01E-04
3.51E-04

7.51E-01 1.23E+00
2.06E-04 1.98E-04
8.76E-05 8.95E-05
1.48E-04

5.00E-05

7.18E-04

9.52E-04 1.44E-03
8.24E-04

2.37E-04 2.75E-04
4.44E-04

1.34E-02 3.54E-02
2.04E-05

2.17E-04 2.43E-04
7.11E-05 9.96E-05
2.77E-05 2.75E-05

1.87E-04
6.11E-05
5.24E-04
1.49E-04

8.36E-05

8.85E-01

1.86E-04

5.67E-05

8.88E-04

1.73E-04

2.37E-02

2.33E-04

9.15E-05

2.57E-05

ECs, median [M] ECso min [M]

ECs5o max [M]
2.10E-04
9.58E-05
5.96E-04
2.36E-04

1.09E-04

1.24E+00

2.58E-04

9.13E-05

2.03E-03

3.17E-04

8.41E-02

2.47E-04

1.56E-04

2.98E-05



Tabl&ffective copE®)itdatpiiansgdroplet accumul ation testing in H4II1E cells

The median was calculated from at | east three independent refpsicaspesctiEXCelmyn anc
Compound Abbreviation EC,, median [M] EC,, min[M] EC;, max [M] EC,, median [M] EC,, min [M] EC,, max [M] ECs, median [M] ECso min [M] ECsy max [M]
Aflatoxin B1 AFB1

Acetaminophen APAP

Arsenic AS 2.91E-07 4.33E-08 3.17E-07

Butylated hydroxy toluene BHT 3.69E-06 2.11E-06 1.44E-05 8.61E-06 5.19E-06 2.25E-05 4.16E-05 3.01E-05 4.33E-05
Bisphenol - A BPA

Cannabidiol CBD

Carbamazepine CBz

Coumarin Ccou

Chrysin CRY

Copper CuU 6.47E-05 9.66E-06 7.41E-05 1.29E-04 1.05E-05 1.48E-04

Dibromoacetic acid DBA 2.69E-05 6.21E-06 1.76E-05 2.69E-05 1.24E-05 3.54E-05 6.82E-05 3.13E-05 9.01E-05
Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP 5.85E-05 2.38E-05 8.65E-05 1.08E-04 2.64E-05 1.73E-04 3.30E-04 3.66E-05 5.74E-04
1,4-dioxane DIX

Emodin EMO

Ethanol ETOH 2.84E-02 1.73E-02 7.19E-02

8-2 fluorotelomer alcohol FTOH 3.43E-05 2.08E-05 4.30E-05 8.32E-05 4.17E-05 1.27E-04

Gallic acid GA

2,3,3,3-tetrafluoro-2-

(heptafluoropropoxy)propanoate GENX
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Tabl3 cobntinued)

The median was

Compound

Gemifloxacin mesylate
Genistein

Imidacloprid
Isoeugenol

Lindane

Methyleugenol
Methanol

Morin

Oxyresveratol

Ef fective

calcul at ed

Abbreviation

GFM
GST
IMI
IEG
LIN
MEG
MET
MOR

ORES

EC,o median [M] EC;, min [M]

3.48E-06

1.01E-06

concentrati

from at

7.71E-07

1.93E-07

2,306,4, 406, 5- penRCBI® | o r38AEi0H h e n y3.40E-05

3,3',4,4' 5-pentachlorobiphenyl
Perfluorobutanoic acid
Perfluorobutane sulfonic acid
Perfluorohexanoic acid
Perfluorooctanoic acid
Perfluorooctanesulfonate
Pyridine
3,3',4,4'-tetrachloroazobenzene
Thiabendazole

Triticonazole

Triclosan

PCB126

PFBA

PFBS

PFHXA

PFOA

PFOS

PYR

TCAB

THIA

TRI

TSN

2.86E-04

1.69E-04

2.00E-04

2.81E-05

3.38E-07

6.32E-06

1.01E-04

1.16E-04

1.32E-04

2.40E-05

1.37E-07

1.35E-06

|l east

EC,qo max [M] EC,, median [M] EC,, min [M] EC,, max [M] ECs, median [M]

6.49E-06

1.27E-06

5.69E-05

7.18E-04

5.78E-04

2.17E-04

3.06E-05

5.66E-07

1.25E-05

ons (EC)

three

4.61E-06
2.40E-06

7.17E-05

5.72E-04

3.59E-04

4.00E-04

5.63E-05

8.60E-07

6.24E-06

4 6

of lipid

independent

4.31E-06

4.45E-07

6.38E-05

2.09E-04

2.39E-04

2.65E-04

4.80E-05

3.12E-07

3.06E-06

6.98E-06

2.74E-06

7.65E-05

1.44E-03

1.16E-03

4.34E-04

6.11E-05

1.15E-06

2.60E-05

dropl et

accumul ati

on t est

repsicas epasct EXCelmy n anc

1.88E-04

1.41E-04

1.79E-05

1.70E-04

1.20E-04

1.00E-05

ECso min [M] ECgo max [M]

1.91E-04

1.53E-04

7.43E-05



Tabl&€ffective coE®)t matcill @ms enumeration by Hoechst staining in H4I1E cell s

The median was calculated from at | east three independent repsicaspsct EXCelmyn anc
Compound Abbreviation EC,, median [M] EC,, min[M] EC,, max[M] EC,, median[M] EC,, min[M] EC,, max [M] ECs, median [M] ECs, min [M]  ECso max [M]
Aflatoxin B1 AFB1 2.90E-08 1.20E-08 5.10E-08 7.00E-08 4.30E-08 1.14E-07

Acetaminophen APAP 1.90E-04 1.21E-04 4.31E-04 2.84E-04 1.99E-04 6.61E-04 9.63E-04 3.72E-04 1.78E-03
Arsenic AS 1.94E-06 7.39E-07 3.42E-06 3.96E-06 1.07E-06 4.86E-06 5.31E-06 2.63E-06 1.29E-05
Butylated hydroxy toluene BHT 2.09E-04 9.68E-05 3.41E-04 3.42E-04 1.97E-04 4.09E-04 6.03E-04 5.08E-04 7.45E-04
Bisphenol - A BPA 3.30E-05 2.07E-05 3.76E-05 4.14E-05 4.13E-05 5.03E-05 1.04E-04 4.93E-05 1.24E-04
Cannabidiol CBD 3.10E-06 2.87E-06 8.79E-06 6.10E-06 3.53E-06 1.15E-05 1.98E-05 4.41E-06 2.61E-05
Carbamazepine CBz 2.63E-04 1.67E-04 4.20E-04 3.58E-04 2.65E-04 4.63E-04

Coumarin Ccou

Chrysin CRY 1.46E-05 5.90E-06 2.71E-05 1.98E-05 1.10E-05 3.60E-05 3.35E-05 3.22E-05 6.04E-05
Copper cu 1.27E-05 8.35E-06 3.11E-05 1.57E-05 1.08E-05 3.14E-05

Dibromoacetic acid DBA 1.92E-05 8.78E-06 2.73E-05 2.81E-05 2.66E-05 3.55E-05 9.90E-05 5.47E-05 1.67E-04
Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP

1,4-dioxane DIX 6.85E-02 4.96E-02 1.28E-01 8.58E-02 8.24E-02 1.76E-01

Emodin EMO 1.97E-05 1.26E-05 2.60E-05 2.64E-05 2.05E-05 2.80E-05 4.07E-05 3.18E-05 5.19E-05
Ethanol ETOH 7.40E-02 3.47E-02 1.62E-01 1.10E-01 6.88E-02 1.88E-01 2.27E-01 1.99E-01 2.92E-01
8-2 fluorotelomer alcohol FTOH 1.33E-04 1.04E-04 1.72E-04 1.64E-04 1.14E-04 2.11E-04 2.27E-04 1.35E-04 3.46E-04
Gallic acid GA 1.84E-05 1.02E-05 2.63E-05 1.98E-05 1.03E-05 2.83E-05 2.29E-05 1.07E-05 3.22E-05

2,3,3,3-tetrafluoro-2-

GENX 4.48E-04 2.02E-04 9.03E-04 6.46E-04 2.57E-04 1.03E-03 1.22E-03 6.10E-04 1.42E-03
(heptafluoropropoxy)propanoate
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Tabldd cont i Bfufeaddti ve cohE®)t matci ®@ms enumer ation by Hoechst staining in H411E cel

The medi an was calcul ated from at | east three independent repsicaspsctiECelmyn anc
Compound Abbreviation EC,, median [M] EC,omin[M] EC,, max [M] EC,, median [M] EC,, min[M] EC,, max[M] ECs, median[M] ECso, min [M] ECsy max [M]
Gemifloxacin mesylate GFM 1.41E-05 1.18E-05 3.13E-05 3.59E-05 1.90E-05 5.05E-05

Genistein GST 2.06E-05 1.79E-05 3.03E-05 4.27E-05 2.84E-05 4.38E-05 9.04E-05 6.41E-05 1.41E-04
Imidacloprid IMI 3.73E-05 2.76E-05 1.30E-04 7.38E-05 5.92E-05 2.09E-04 2.98E-04 2.12E-04 4.86E-04
Isoeugenol IEG 1.55E-04 1.13E-04 2.50E-04

Lindane LIN 3.51E-05 2.40E-05 6.28E-05 4.93E-05 3.58E-05 9.36E-05 9.15E-05 6.95E-05 2.49E-04
Methyleugenol MEG 1.07E-04 4.61E-05 1.87E-04 1.92E-04 1.02E-04 4.11E-04

Methanol MET 2.00E-01 4.88E-02 2.53E-01 3.32E-01 1.07E-01 3.66E-01

Morin MOR

Oxyresveratol ORES 9.83E-06 9.29E-06 3.64E-05 2.13E-05 9.43E-06 4.57E-05 6.80E-05 1.01E-05 7.23E-05
2,30,4, 406, 5- penRCBd& | or7®6bE0p h e ny R41E-05 1.40E-04 7.73E-05 5.11E-05 1.55E-04

3,3',4,4',5-pentachlorobiphenyl PCB126

Perfluorobutanoic acid PFBA 9.49E-04 5.29E-04 2.56E-03 1.16E-03 5.62E-04 2.90E-03

Perfluorobutane sulfonic acid PFBS 4.49E-04 4.49E-04 1.02E-03 9.19E-04 5.69E-04 1.43E-03 2.46E-03 8.67E-04 2.74E-03
Perfluorohexanoic acid PFHXA 6.44E-04 1.58E-04 7.58E-04 8.36E-04 3.61E-04 8.53E-04

Perfluorooctanoic acid PFOA 9.29E-05 7.83E-05 1.91E-04 1.40E-04 1.14E-04 2.14E-04 2.58E-04 1.51E-04 3.04E-04
Perfluorooctanesulfonate PFOS 2.27E-04 2.04E-04 3.17E-04 2.65E-04 2.37E-04 3.47E-04 3.86E-04 3.04E-04 4.04E-04
Pyridine PYR 2.10E-02 7.12E-03 2.68E-02 2.58E-02 1.17E-02 4.48E-02

3,3',4,4'-tetrachloroazobenzene TCAB 9.99E-07 7.68E-07 1.24E-06

Thiabendazole THIA 9.99E-05 6.91E-05 2.33E-04 1.23E-04 7.94E-05 2.55E-04

Triticonazole TRI 1.66E-05 8.37E-06 2.06E-05 2.86E-05 2.03E-05 3.78E-05 8.21E-05 5.15E-05 1.35E-04
Triclosan TSN 2.74E-05 1.15E-05 4.38E-05 3.29E-05 1.32E-05 5.33E-05 4.54E-05 1.68E-05 7.24E-05
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Tabl&ffecti
The medi an

Compound

Aflatoxin B1
Acetaminophen

Arsenic

Butylated hydroxy toluene
Bisphenol - A
Cannabidiol
Carbamazepine
Coumarin

Chrysin

Copper

Dibromoacetic acid
Di(2-Ethylhexyl) Phthalate
Di-isononylphthalate
1,4-dioxane

Emodin

Ethanol

8-2 fluorotelomer alcohol

Galllic acid
2,3,3,3-tetrafluoro-2-

(heptafluoropropoxy)propanoate

COQE®)it cyttiodrmxi city

was cal cul

Abbreviation

AFB1
APAP
AS
BHT
BPA
CBD
CBzZ
Ccou
CRY
Cu
DBA
DEHP
DINP
DIX
EMO
ETOH
FTOH

GA

GENX

EC,, median [M] EC,q min [M]

5.00E-09
1.08E-04
7.51E-06
3.96E-04
7.22E-05
8.56E-06
1.91E-04
8.68E-04
4.13E-05
1.99E-04
4.55E-04
1.98E-04
4.61E-05
1.49E-02
2.59E-05
9.11E-02
2.83E-04

2.66E-05

2.40E-03

ated

from at

3.00E-09

3.77E-05

7.16E-06

1.55E-04

6.25E-05

6.81E-06

1.48E-04

6.83E-04

3.16E-05

1.26E-04

3.08E-04

5.88E-05

3.29E-05

6.05E-03

1.47E-05

6.70E-02

9.74E-05

1.00E-05

6.01E-04

test

|l east

EC,, max [M]

1.60E-08
1.39E-04
8.17E-06
4.49E-04
1.17E-04
1.02E-05
2.75E-04
1.16E-03
8.58E-05
2.06E-04
7.07E-04
2.18E-04
6.21E-05
3.24E-02
2.95E-05
9.61E-02
3.04E-04

3.46E-05

2.43E-03

n Zajdel a

three

EC,, median [M] EC,, min [M]

4.40E-08
2.05E-04
1.10E-05
4.89E-04
8.96E-05
1.02E-05
2.31E-04
1.23E-03
5.03E-05
2.52E-04
5.87E-04

2.81E-04

2.87E-02
3.07E-05
1.29E-01
3.15E-04

3.28E-05

2.76E-03
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independent

2.40E-08

9.54E-05

8.87E-06

2.47E-04

7.84E-05

9.60E-06

1.66E-04

1.06E-03

4.66E-05

2.35E-04

3.85E-04

2.54E-04

1.86E-02

2.90E-05

1.02E-01

1.11E-04

1.89E-05

1.01E-03

cel

S

EC,, max [M]

1.48E-07
2.61E-04
1.16E-05
5.16E-04
1.29E-04
1.28E-05
3.82E-04
1.47E-03
8.92E-05
3.11E-04
8.66E-04

3.13E-04

3.74E-02
4.49E-05
1.35E-01
3.48E-04

3.90E-05

3.04E-03

ECso median [M] ECsy min [M]

5.97E-04

2.12E-05

1.29E-04

1.91E-05

3.57E-04

2.39E-03

9.94E-05

3.54E-04

9.06E-04

7.18E-02

2.34E-01

3.81E-04

5.32E-05

3.44E-03

4.15E-04

1.28E-05

1.15E-04

1.17E-05

2.12E-04

1.66E-03

9.23E-05

3.48E-04

6.54E-04

5.72E-02

2.06E-01

1.38E-04

4.70E-05

2.37E-03

reps icasesct EXCelmy n anc

ECs, max [M]

8.52E-04

2.12E-05

1.53E-04
2.01E-05
6.25E-04
2.84E-03
1.00E-04
1.10E-03

1.23E-03

8.36E-02

2.40E-01
4.40E-04

5.50E-05

5.09E-03



Tabl5d cont i Bfufeddgt i ve coE®)t cyttiodmxi city test in Zajdela cells

The median was calculated from at | east three independent repsicaspsct EXCelmyn anc
Compound Abbreviation  EC,, median [M] EC,omin[M] EC,;qmax[M] EC,, median [M] EC,, min [M] EC,, max[M] ECs, median [M] ECsq min [M] ECso max [M]
Gemifloxacin mesylate GFM 6.92E-05 4.64E-05 9.29E-05 9.14E-05 5.55E-05 9.41E-05 9.80E-05 9.40E-05 1.53E-04
Genistein GST 7.65E-05 7.31E-05 1.14E-04 1.47E-05 1.33E-05 1.50E-05 3.07E-05 2.82E-05 5.66E-05
Imidacloprid MI 8.51E-06 6.37E-06 1.20E-05 1.87E-03 1.40E-03 3.14E-03

Isoeugenol IEG 1.02E-03 5.79E-04 2.54E-03 9.82E-05 9.20E-05 1.45E-04 1.82E-04 1.71E-04 2.68E-04
Lindane LIN 9.08E-05 2.24E-05 1.08E-04 1.46E-04 3.43E-05 1.85E-04 2.84E-04 7.39E-05 4.78E-04
Methyleugenol MEG 8.97E-04 4.42E-04 1.40E-03 1.00E-03 8.42E-04 1.70E-03 2.01E-03 1.21E-03 2.34E-03
Methanol MET 1.62E-01 9.07E-02 2.23E-01 2.60E-01 1.84E-01 4.06E-01 5.86E-01 5.79E-01 9.97E-01
Morin MOR 6.69E-05 3.28E-05 1.64E-04 1.02E-04 7.47E-05 1.97E-04 2.71E-04 2.08E-04 3.52E-04
Oxyresveratol ORES 1.40E-04 1.17E-04 2.18E-04 1.55E-04 1.37E-04 2.41E-04 1.98E-04 1.83E-04 2.78E-04
2,30,4, 406, 5- penRCBXL# | o r1d365-04 h e n y 8.00E-05 1.43E-04 1.36E-04 8.20E-05 1.52E-04

3,3,4,4' 5-pentachlorobiphenyl PCB126 1.26E-05 1.23E-05 1.73E-05 2.03E-05 1.52E-05 2.47E-05 3.90E-05 3.19E-05 3.98E-05
Perfluorobutanoic acid PFBA 1.09E-04 1.04E-04 4.04E-04 4.32E-04 2.23E-04 1.93E-03

Perfluorobutane sulfonic acid PFBS 2.16E-03 1.02E-03 2.17E-03 2.46E-03 1.29E-03 2.87E-03 3.31E-03 2.43E-03 4.57E-03
Perfluorohexanoic acid PFHXA 4.05E-04 1.15E-04 4.10E-04 7.95E-04 3.81E-04 8.02E-04 2.14E-03 1.87E-03 2.15E-03
Perfluorooctanoic acid PFOA 1.12E-04 6.06E-05 2.81E-04 2.14E-04 1.23E-04 3.30E-04 4.60E-04 3.51E-04 5.35E-04
Perfluorooctanesulfonate PFOS 2.25E-04 1.60E-04 6.79E-04 2.76E-04 2.02E-04 7.36E-04 4.16E-04 3.59E-04 8.58E-04
Pyridine PYR 6.33E-03 5.76E-03 1.15E-02 1.60E-02 1.25E-02 2.14E-02 5.14E-02 4.19E-02 7.10E-02
3,3',4,4'-tetrachloroazobenzene  TCAB 1.22E-05 9.11E-06 1.44E-05 1.64E-05 1.52E-05 2.28E-05

Thiabendazole THIA 1.32E-04 8.83E-05 2.23E-04 1.82E-04 1.72E-04 3.28E-04 4.81E-04 2.74E-04 5.53E-04
Triticonazole TRI 5.90E-05 4.21E-05 9.19E-05 1.21E-04 1.07E-04 1.56E-04 3.17E-04 3.14E-04 4.01E-04
Triclosan TSN 3.82E-05 3.05E-05 6.54E-05 4.23E-05 3.14E-05 6.90E-05 5.57E-05 3.37E-05 7.56E-05
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Tablé&ffective copE®)tirpatdi odnrsopl ett eastc uimul 2adjidel a cel | s

The median was calcul ated from at | east three independent repsicaspasctiEXCelmyn anc
Compound Abbreviation  EC,, median [M] EC,, min [M] EC,;o max[M] EC,, median [M] EC,, min[M] EC,, max[M] ECs, median [M] ECgy min [M] ECso max [M]
Aflatoxin B1 AFB1

Acetaminophen APAP

Arsenic AS

Butylated hydroxy toluene BHT 1.69E-05 9.93E-06 5.91E-05

Bisphenol - A BPA 1.73E-05 1.04E-05 4.55E-05

Cannabidiol CBD

Carbamazepine CBz 4.35E-05 2.02E-05 1.01E-04 9.43E-05 4.32E-05 2.02E-04

Coumarin cou 6.26E-05 4.20E-05 3.92E-04 8.41E-05 7.52E-05 7.83E-04

Chrysin CRY 2.09E-05 9.42E-06 4.45E-05 4.47E-05 1.94E-05 8.90E-05

Copper CuU

Dibromoacetic acid DBA

Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP

1,4-dioxane DIX

Emodin EMO

Ethanol ETOH 1.01E-02 8.66E-03 1.06E-02

8-2 fluorotelomer alcohol FTOH

Gallic acid GA

2,3,3,3-tetrafluoro-2-

GENX 7.23E-04 5.81E-04 2.68E-03 9.28E-04 8.57E-04 5.36E-03
(heptafluoropropoxy)propanoate
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Tabled cont i Bfufeddgti ve copQE®)itirpaitdi odnrsopl ett estc uimu | Aaji el a cel | s

The median was calcul ated from at | east three independent repsicaspsctiECelmyn anc
Compound Abbreviation EC;, median [M] EC;o min[M] EC,, max[M] EC,, median [M] EC,, min[M] EC,, max[M] ECs, median [M] ECg, min [M] ECs, max [M]
Gemifloxacin mesylate GFM

Genistein GST

Imidacloprid IMI 2.24E-04 1.31E-04 3.65E-04 4.49E-04 2.63E-04 7.29E-04 1.12E-03 6.56E-04 1.82E-03
Isoeugenol IEG

Lindane LIN

Methyleugenol MEG 6.68E-06 6.43E-06 6.76E-06 1.56E-05 1.45E-05 1.73E-05 1.09E-04 4.61E-05 3.48E-04
Methanol MET

Morin MOR

Oxyresveratol ORES

2,30,4,406,5-penkRCBEI® | orobi phenyl

3,3',4,4' 5-pentachlorobiphenyl PCB126

Perfluorobutanoic acid PFBA 3.64E-04 2.55E-04 8.61E-04 7.28E-04 5.11E-04 1.72E-03 1.46E-03 1.28E-03 2.17E-03
Perfluorobutane sulfonic acid PFBS 1.36E-04 1.02E-04 1.82E-04 2.73E-04 2.03E-04 3.63E-04 6.82E-04 5.08E-04 9.08E-04
Perfluorohexanoic acid PFHXA 9.73E-05 9.17E-05 2.37E-04 1.95E-04 1.83E-04 4.75E-04

Perfluorooctanoic acid PFOA 4.63E-05 3.43E-05 5.15E-05 8.19E-05 6.54E-05 8.94E-05 1.61E-04 1.45E-04 2.29E-04
Perfluorooctanesulfonate PFOS 1.08E-04 4.14E-05 1.80E-04 1.69E-04 1.09E-04 2.17E-04 2.72E-04 7.46E-05 3.82E-04
Pyridine PYR

3,3',4,4'-tetrachloroazobenzene TCAB

Thiabendazole THIA 1.31E-05 1.02E-05 7.69E-05 2.73E-05 2.10E-05 1.54E-04
Triticonazole TRI 3.52E-06 2.94E-06 4.78E-06 7.78E-06 7.38E-06 8.98E-06 2.82E-05 1.68E-05 3.25E-05
Triclosan TSN 6.22E-06 5.57E-06 7.23E-06 1.41E-05 1.24E-05 1.93E-05
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Tabl&ffective cohE®)t matclems enumeration by Hoechst staining in Zajdela cells

The median was calculated from at |l east three independent repsicaspepsct EXCelmyn anc
Compound Abbreviation  EC,, median [M] EC;o min[M] EC,;, max[M] EC,, median [M] EC,, min[M] EC,, max[M] ECs, median [M] ECso min [M] ECs, max [M]
Aflatoxin B1 AFB1 6.31E-07 3.48E-07 7.40E-07 1.32E-06 1.28E-06 1.70E-06

Acetaminophen APAP 7.16E-05 5.14E-05 7.57E-05 1.12E-04 9.36E-05 1.52E-04 5.56E-04 1.40E-04 5.77E-04
Arsenic AS 2.43E-06 7.33E-07 2.82E-06 3.33E-06 1.06E-06 4.04E-06 3.97E-06 2.23E-06 8.31E-06
Butylated hydroxy toluene BHT 3.00E-04 1.76E-04 3.53E-04 4.25E-04 3.09E-04 7.27E-04

Bisphenol - A BPA 8.90E-05 5.16E-05 1.26E-04 1.03E-04 7.28E-05 1.53E-04 1.33E-04 1.09E-04 2.49E-04
Cannabidiol CBD

Carbamazepine CBz 1.52E-04 1.36E-04 3.08E-04 1.98E-04 1.76E-04 3.51E-04 3.77E-04 2.69E-04 4.79E-04
Coumarin Ccou

Chrysin CRY 1.45E-05 1.02E-05 3.55E-05 2.77E-05 2.30E-05 5.82E-05 9.96E-05 5.52E-05 1.39E-04
Copper CuU 2.19E-05 8.52E-06 3.86E-05 5.18E-05 9.39E-06 9.57E-05

Dibromoacetic acid DBA

Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP

1,4-dioxane DIX 3.11E-03 2.51E-03 8.04E-03 1.12E-02 6.36E-03 2.35E-02 8.28E-02 4.63E-02 1.19E-01
Emodin EMO 4.00E-05 1.18E-05 7.01E-05 5.37E-05 2.10E-05 7.86E-05

Ethanol ETOH 1.01E-01 7.45E-02 1.75E-01 2.11E-01 1.15E-01 2.39E-01

8-2 fluorotelomer alcohol FTOH 3.72E-05 3.36E-05 9.67E-05 7.63E-05 4.61E-05 1.57E-04 2.28E-04 6.69E-05 3.01E-04
Gallic acid GA 3.25E-05 1.88E-05 5.73E-05 3.34E-05 2.69E-05 6.13E-05 4.89E-05 3.64E-05 6.90E-05

Erlnthd BT 2 GENX 9.22E-04 3.94E-04 1.33E-03 1.50E-03 5.16E-04 1.71E-03 2.37E-03 1.21E-03 4.33E-03
(heptafluoropropoxy)propanoate
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Tabl7d cont i Bfufedgt i ve

The
Compound

medi an

Gemifloxacin mesylate
Genistein

Imidacloprid
Isoeugenol

Lindane

Methyleugenol
Methanol

Morin

Oxyresveratol

2,30,4,406,5-pent@Bil8l or GIO4IEDH e ny |

3,3',4,4' 5-pentachlorobiphenyl
Perfluorobutanoic acid
Perfluorobutane sulfonic acid
Perfluorohexanoic acid
Perfluorooctanoic acid
Perfluorooctanesulfonate
Pyridine
3,3',4,4'-tetrachloroazobenzene
Thiabendazole

Triticonazole

Triclosan

was

CoOpE®)it matcil eras

calcul ated from at

Abbreviation  EC,, median [M] EC;, min [M]

GFM

GST 6.60E-06 6.11E-06

IMI

IEG 3.45E-05 1.91E-05

LIN 6.33E-05 2.12E-05

MEG 3.01E-04 1.58E-04

MET

MOR

ORES 1.04E-04 7.31E-05
3.82E-06

PCB126 3.69E-05 1.15E-05

PFBA

PFBS 2.82E-04 8.35E-05

PFHXA 1.35E-05 1.16E-05

PFOA

PFOS 3.18E-04 3.12E-04

PYR 2.80E-02 2.09E-02

TCAB 1.25E-05 2.25E-06

THIA

TRI 1.35E-04 5.32E-05

TSN 5.29E-05 2.01E-05

enumer ati on
| east three

EC,, max [M] EC,, median [M]

9.72E-06 8.87E-06
4.68E-05 6.99E-05
1.04E-04 7.53E-05
4.22E-04 4.56E-04
1.31E-04 1.20E-04
9.64E-06 1.46E-05
4.75E-05 4.05E-05
3.61E-04 3.89E-04
3.17E-05 2.60E-05
3.26E-04 3.64E-04
8.42E-02 3.13E-02
1.38E-05 1.63E-05
2.21E-04 1.82E-04
6.26E-05 6.12E-05
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by

independent

EC,, min [M]

8.43E-06

2.97E-05
2.85E-05

3.93E-04

1.11E-04
9.25E-06

2.10E-05

9.20E-05

1.59E-05

3.57E-04
2.95E-02

6.56E-06

1.03E-04

2.46E-05

Hoechst

EC,, max [M]

1.39E-05

8.67E-05
1.33E-04

5.59E-04

1.57E-04
2.72E-05

4.78E-05

8.38E-04

4.80E-05

3.76E-04
9.46E-02

1.98E-05

2.75E-04

6.62E-05

stai

ning

ECs, median [M]

1.91E-05

1.31E-04

1.98E-04

4.77E-05

4.37E-04

3.62E-04

7.30E-05

n Zajdel a

ECsgo min [M]

1.78E-05

5.24E-05

1.53E-04

4.64E-05

4.34E-04

2.54E-04

3.50E-05

repsicaspesct EXelmy n ¢

EC5, max [M]

2.77E-05

2.78E-04

2.12E-04

4.87E-05

4.53E-04

3.93E-04

7.68E-05



Tabl&ffective copE®)Yt cyttiodmxi city of primary rat hepatocytes

The median was calculated from at | east three independent repsicaspsct EXCelmyn anc
Compound Abbreviation EC,, median [M] EC,, min [M] EC,omax [M] EC,, median [M] EC,, min [M] EC,, max [M] ECs, median [M] ECso min [M]  ECsy max [M]
Aflatoxin B1 AFB1 2.11E-07 6.00E-08 2.90E-07 3.63E-07 7.60E-08 4.43E-07 8.00E-07 1.18E-07 9.01E-07
Acetaminophen APAP 9.95E-04 3.83E-04 2.75E-03 1.47E-03 9.84E-04 2.90E-03

Arsenic AS 9.51E-06 6.91E-06 3.20E-05 9.62E-06 7.37E-06 3.25E-05 9.90E-06 8.20E-06 3.42E-05
Butylated hydroxy toluene BHT

Bisphenol - A BPA 5.24E-05 1.70E-05 8.64E-05 5.57E-05 2.18E-05 8.73E-05 6.28E-05 3.33E-05 9.00E-05
Cannabidiol CBD 7.85E-05 3.44E-05 9.21E-05 8.55E-05 4.21E-05 9.29E-05 9.56E-05 5.95E-05 9.90E-05
Carbamazepine CcBz

Coumarin cou 2.38E-04 9.02E-05 3.99E-04 2.89E-04 1.93E-04 4.50E-04 6.38E-04 3.99E-04 8.74E-04
Chrysin CRY 1.07E-04 1.04E-04 1.82E-04 1.14E-04 1.05E-04 2.04E-04 1.43E-04 1.12E-04 2.72E-04
Copper CuU 1.21E-05 9.19E-06 1.79E-05 1.37E-05 9.40E-06 2.35E-05 1.90E-05 1.00E-05 3.70E-05
Dibromoacetic acid DBA 8.24E-04 5.30E-04 9.40E-04 1.09E-03 6.30E-04 1.62E-03 1.74E-03 9.79E-04 3.75E-03
Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP

1,4-dioxane DIX 4.92E-02 2.36E-02 1.25E-01 6.94E-02 2.80E-02 8.22E-02

Emodin EMO 1.62E-05 8.65E-06 2.76E-05 2.14E-05 1.02E-05 3.41E-05 3.60E-05 1.35E-05 5.45E-05
Ethanol ETOH 2.09E-01 1.15E-01 2.49E-01 2.40E-01 1.38E-01 2.70E-01 3.37E-01 2.23E-01 4.29E-01

8-2 fluorotelomer alcohol FTOH 3.71E-04 2.20E-04 6.05E-04 5.24E-04 2.53E-04 6.74E-04 8.35E-04 3.21E-04 8.46E-04
Gallic acid GA 2.29E-04 1.51E-04 2.39E-04 2.85E-04 1.82E-04 3.62E-04

2,3,3,3-tetrafluoro-2-

GENX 3.81E-04 3.39E-04 5.17E-04 5.73E-04 5.12E-04 7.36E-04 1.14E-03 1.03E-03 1.33E-03
(heptafluoropropoxy)propanoate
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Tab18e ( c on tHfnfueecdt)i v e

The median was cal

Compound Abbreviation EC,, median [M]
Gemifloxacin mesylate GFM 1.06E-04
Genistein GST 6.00E-05
Imidacloprid IMI

Isoeugenol IEG 8.39E-05
Lindane LIN

Methyleugenol MEG

Methanol MET 8.13E-02

Morin MOR 7.85E-05
Oxyresveratol ORES 2.72E-05

cul at ed

from at
ECyo min [M]

6.49E-05

1.62E-05

6.67E-05

2.75E-02

2.57E-05

2.63E-05

2,306,4,406, 5- penkCBId&h| o B.89E-D5 h e ny V.15E-06

3,3,4,4' 5-pentachlorobiphenyl PCB126
Perfluorobutanoic acid PFBA

Perfluorobutane sulfonic acid PFBS

Perfluorohexanoic acid PFHXA
Perfluorooctanoic acid PFOA
Perfluorooctanesulfonate PFOS
Pyridine PYR

3,3',4,4'-tetrachloroazobenzene TCAB

Thiabendazole THIA
Triticonazole TRI
Triclosan TSN

2.41E-03

1.93E-03

3.46E-04

6.74E-05

5.44E-05

1.27E-02

8.11E-05

1.02E-03

8.17E-04

1.54E-04

5.93E-05

4.26E-05

9.86E-03

3.32E-05

COQE®)it cyttiodmxi city

|l east
EC,, max [M]
2.92E-04

6.84E-05

8.97E-05

1.06E-01
9.33E-05
3.41E-05

7.41E-05

3.09E-03
3.68E-03
4.93E-04
9.46E-05
6.20E-05

2.10E-02

1.58E-04

of primary

three

7.53E-05

9.51E-05

2.10E-01
9.05E-05
2.77E-05

5.10E-05

2.83E-03

2.66E-03

1.12E-04
5.99E-05

2.12E-02

9.65E-05
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rat

hepatocytes

independent
EC,, median [M] EC,, min [M]

3.85E-05

7.43E-05

5.67E-02
3.45E-05
2.69E-05

1.37E-05

1.44E-03

1.23E-03

9.22E-05

4.88E-05

2.01E-02

3.41E-05

EC,q max [M] ECs, median [M] ECsq min [M]

7.93E-05

1.09E-04

2.46E-01
9.47E-05
3.62E-05

7.59E-05

4.32E-03

4.02E-03

1.37E-04

7.52E-05

3.05E-02

1.77E-04

reps icasesct ECelmy n ¢

1.25E-04

1.18E-04

8.03E-01

2.95E-05

8.10E-05

4.54E-03

1.85E-04

8.02E-05

5.65E-02

1.40E-04

8.88E-05

8.94E-05

1.96E-01

2.89E-05

4.07E-05

2.43E-03

1.57E-04

6.98E-05

5.08E-02

3.68E-05

ECso max [M]

1.27E-04

1.73E-04

8.27E-01

4.44E-05

1.03E-04

4.92E-03

4.24E-04

1.37E-04

5.98E-02

2.29E-04



Table&Effective
The median wa

copE®)itdatpiadngdropl et
s cal

cul

ated

from at

|l east

accumul

three

on of

pri
independent

mary hepatocytes

Resul

reps icaspesct Eelmyn anc

Aflatoxin B1
Acetaminophen

Arsenic

Butylated hydroxy toluene
Bisphenol - A
Cannabidiol
Carbamazepine
Coumarin

Chrysin

Copper

Dibromoacetic acid
Di(2-Ethylhexyl) Phthalate
Di-isononylphthalate
1,4-dioxane

Emodin

Ethanol

8-2 fluorotelomer alcohol

Galllic acid

2,3,3,3-tetrafluoro-2-
(heptafluoropropoxy)propanoate

BHT
BPA
CBD
CBz
cou
CRY
Cu
DBA
DEHP
DINP
DIX
EMO
ETOH
FTOH

GA

GENX

5.42E-05

2.76E-04

4.85E-02

2.13E-04

7.40E-06

7.49E-05

3.93E-02

1.70E-04

7.23E-05

3.01E-04

2.16E-01

4.84E-04

7.66E-05

4.28E-04

1.70E-05

4.01E-04

1.53E-04

9.68E-04

57

ts



Tabl9d cont i Bfufe@dgt i ve

The median was cal
Compound Abbreviation
Gemifloxacin mesylate GFM
Genistein GST
Imidacloprid M
Isoeugenol IEG
Lindane LIN
Methyleugenol MEG
Methanol MET
Morin MOR
Oxyresveratol ORES

cul at ed

EC,, median [M]

2.55E-05

from at

EC,o min [M]

1.07E-05

2,306,4,406,5-penP@BIIBI or @b6E0HH e ny | 1.81E-05

3,3',4,4' 5-pentachlorobiphenyl
Perfluorobutanoic acid
Perfluorobutane sulfonic acid
Perfluorohexanoic acid
Perfluorooctanoic acid
Perfluorooctanesulfonate
Pyridine
3,3',4,4'-tetrachloroazobenzene
Thiabendazole

Triticonazole

Triclosan

PCB126
PFBA
PFBS
PFHXA
PFOA
PFOS
PYR
TCAB
THIA
TRI

TSN

2.19E-03
3.39E-04
2.69E-04
2.34E-05

1.27E-04

1.14E-05
1.68E-04

2.16E-04

8.87E-04
2.27E-04
1.81E-04
1.95E-05

9.00E-05

2.86E-06
5.81E-05

1.75E-04

CopE®)tdatpiansgropl et

|l east

EC,q max [M]

2.88E-05

7.71E-05

2.31E-03
3.92E-04
4.93E-04
4.49E-05

1.66E-04

1.17E-05
2.39E-04

4.17E-04

accumul ati on
three indepen
EC,o median [M] EC,, min [M]
5.67E-05 2.56E-05
2.56E-03 7.82E-04
6.79E-04 4.67E-04
4.95E-04 3.63E-04
4.80E-05 3.99E-05
1.65E-04 1.40E-04
1.25E-05 5.93E-06
4.78E-04 2.83E-04
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of primary rat hepatocyte:
dent repdsicaspsct ECelmyn anc
EC,, max [M] ECsy median [M] ECgq min [M] EC5q max [M]
6.58E-05
4.38E-03
7.84E-04 1.70E-03 1.31E-03 1.96E-03
6.56E-04
3.63E-04 1.23E-04 1.08E-04 1.42E-04
2.11E-04 2.58E-04 2.08E-04 3.29E-04
1.31E-05
5.02E-04



Tab2e&Effective cohE®)t matcilems dnywmecmdt ot aining of primary rat hepatocytes

The medi an was calcul ated from at | east three independent repsicaspepsctiECelmyn anc
Compound Abbreviation EC,, median [M] EC;, min [M] EC,, max [M] EC,, median[M] EC,, min[M] EC,, max[M] ECs, median [M] ECso min [M] ECso max [M]
Aflatoxin B1 AFB1 3.16E-07 3.00E-07 4.22E-07 4.98E-07 4.66E-07 5.53E-07

Acetaminophen APAP

Arsenic AS 4.08E-06 1.29E-06 4.70E-06 5.32E-06 3.00E-06 6.38E-06 9.35E-06 9.30E-06 9.68E-06
Butylated hydroxy toluene BHT 3.29E-04 3.14E-04 6.31E-04 4.26E-04 3.79E-04 7.19E-04

Bisphenol - A BPA 1.65E-04 8.28E-05 3.09E-04 1.76E-04 9.20E-05 3.60E-04

Cannabidiol CBD 1.61E-04 9.33E-05 2.75E-04 1.94E-04 9.77E-05 2.83E-04

Carbamazepine CBZz

Coumarin COu 3.06E-04 8.77E-05 3.86E-04 3.81E-04 1.44E-04 9.47E-04

Chrysin CRY 7.79E-05 1.77E-05 8.24E-05

Copper CuU

Dibromoacetic acid DBA

Di(2-Ethylhexyl) Phthalate DEHP

Di-isononylphthalate DINP

1,4-dioxane DIX

Emodin EMO 5.22E-05 3.42E-05 6.88E-05 6.43E-05 3.64E-05 7.60E-05 8.95E-05 4.62E-05 9.23E-05
Ethanol ETOH 6.45E-01 3.56E-01 7.93E-01 7.55E-01 3.91E-01 9.03E-01

8-2 fluorotelomer alcohol FTOH 6.81E-05 2.70E-05 8.90E-05 1.02E-04 8.99E-05 1.50E-04 2.98E-04 1.92E-04 8.04E-04
Gallic acid GA

2,3,3,3-tetrafluoro-2-

ENX 1.47E-03 1.07E-03 1.86E-03 1.72E-03 1.11E-03 2.00E-03 2.06E-03 1.35E-03 3.53E-03
(heptafluoropropoxy)propanoate
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Tab2@& contimbfufetadgti ve coQE®)it matcil ems enomecladt ont ai ning of primary rat hepatocytes

The median was calcul ated from at | east three independent repsicaspasctiEXCelmyn anc
Compound Abbreviation EC,, median [M] EC,, min [M] EC,, max [M] EC,, median[M] EC,, min[M] EC,, max[M] ECs, median [M] ECg, min [M] ECsg, max [M]
Gemifloxacin mesylate GFM 2.36E-04 7.45E-05 2.75E-04

Genistein GST 1.04E-04 8.48E-05 2.21E-04

Imidacloprid IMI 8.83E-05 3.38E-05 1.20E-04 9.69E-05 4.55E-05 1.32E-04 1.49E-04 9.67E-05 1.93E-04
Isoeugenol EG

Lindane LIN

Methyleugenol MEG

Methanol MET 1.05E+00 6.03E-01 1.96E+00 1.33E+00 7.89E-01 2.18E+00

Morin MOR

Oxyresveratol ORES 1.13E-04 9.65E-05 2.00E-04 1.27E-04 9.94E-05 2.24E-04

2,306,4,406,5-penRCB& | or obi phenyl

3,3',4,4' 5-pentachlorobiphenyl PCB126

Perfluorobutanoic acid PFBA

Perfluorobutane sulfonic acid PFBS 3.93E-03 1.56E-03 7.03E-03 5.16E-03 3.31E-03 7.64E-03 8.89E-03 8.52E-03 9.24E-03
Perfluorohexanoic acid PFHXA

Perfluorooctanoic acid PFOA 4.70E-04 4.52E-04 8.99E-04 5.64E-04 5.53E-04 9.18E-04 9.16E-04 8.63E-04 9.67E-04
Perfluorooctanesulfonate PFOS

Pyridine PYR 3.01E-02 1.37E-02 8.27E-02 3.60E-02 2.43E-02 8.63E-02

3,3',4,4'-tetrachloroazobenzene TCAB

Thiabendazole THIA
Triticonazole TRI
Triclosan TSN 5.28E-05 3.33E-05 5.53E-05 5.48E-05 3.39E-05 5.65E-05
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3.2.3%y 2t emamparcson of effective concentrations

across cell systems

I n the pr evalafufse steicku @ oogEE e BEIGYA fi otnlse t est ed ¢ omg

were summarized for each assay and cell system
reliabiliint wnoddfredtshe t he foll owing section s stru
speci fic trends within each individual cel | SysH

the | owest concentrations and tRBu2.llh&@SHcghdsttsh

performance of the three cell systems is compare
is most sensitive towards i 8dRviidRaR substances
Si nE@val ues were most frequently available and p
cellular regpansuest,hanl| compaEGidana. aBeabasedpbrt
rati oFpbalt8sFi(g L2re were used to visualize differe
wide concentration range, using decadic Alolgari t|
compounds are shown in the scatterplots. Compo

indicated by triangles and assigned a penalty v
concentration tested. Compounds with lae ane alsrurtatd
ratpil mt s,g@xh/ey )l oigs di splayed only for compounds t
bot h syFotrensxampl e, i f a dat ai gomoinncte nitg altnd aatted d nk
scatterplot (x > y)pdti twiwtih |aca@pepbeuaeri ¢ien 0Otphge arnadt ivoi

Col or scheme of vi suali zations
To ensure clarity and consistency, the plaots fol
vitroped indicates substances with toanflihntm®@dohep

anal,ysdosl ors represent the respective assay type

di fferentiated comparison of the test systems.
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3.2. 1l 2tslyast em comparison: Sensitivity of assays

To eval uastpeecasfsiacy perf ormance withimvabhaobsi o#i vih

t hree d@cytag/tsoxi ci ty (CcTB) , lipid dropl et accul
enumer ati omMmweHee cchosntp)ar ed across all t-seysstteedm ¢ o m
analysis aims to identify which assay yields t
indicating the highest sensitivity. The comparis
each modalell in terms of sensitivity to specific te
H41 | E

| ntsrystem comparison of CTB and Nile red assay i1

The ratHiogulteeveal s a clear trend toward higher ¢
compared to the cytotoxicity assay in the H41I1 E
test results is |l ower in the Nile Red asgstay, s e
val ues in this assayOBNOQREAE, TCBBAsuMOBances

exhi bs@alElCes i mdt laes sMiyl @ h aftolad el coweerr t3W0lan in the

| ntsrystem comparison of CTB and Hoechst assay in

When comparing the cytotoxicity anBi Hdde hishe ass.
Hoechst assay consistently demonstrates higher
While the number of positive test results is cor
concentrations tend to be | oweircuilnartlhe EB/A edcemstt |
which shows af obdel ¢ofant BE€ Hoechst assayASAdditi

al so exqh@dliweECthat asfolcdodewehamnl®he Hoechst

CTBHowever, for mo st c o mp o ugn¥dasl, u et sh eb edti W ef eerr etnicee st \
remain widadalhd nran®e, indicating a generally good
Notabl vy, someéi malbsdiamgeshe plasticizers DEHP an

coumar i n, drcdh ulk @B Inda be evaluated in the Hoechst

| ntsryst em comparison of Nile red and Hoechst ass:
Comparing the readbutead iam dHHPlegEUudaErl d weal s t hat N
red is again the more sensitive assay. Two compoc

shows more-ftohan!| @&@&@0d uECi nned has NayES,anwli tOOR a roug

16 ol d | ower effective concentration.

I n contrast, the Hoecbhbealassaffoyi ebthedi hdiwer dEE&I
notably PFOS, which ekbiditedabumGcempanadlDo Ni

6 2



I n summary, among the three assegeys aswalyu ateend nisn r|
the highest sensitivg@yglugsefdingekbet eédwesmp&Cn
fewest overall positive results. The Hoechst ass
assay was the | east sensitive but provided the
response foompdundsesthaodt abl vy, DEHP and PCB126 el
the CTB assay
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BHT
UF{_EE:
TCAB
DBA
MOR
PFOA
TRI
10°4 FTOH
PFBS
A PCB118
YR ETOH
= GENX DINP
A
=) o
S prOS
- 0 1 2
o APAP
S 10724 A Log10 (EC;5 median cytotoxicity/ EC;; median Nile red)
(=] LIN CBZ MEG
— A A-hhA
(] BPA Ml Cou
= DEHP‘A WCRY g ‘.p:os
[ GST IEG  THIA
.9 TSN GA
= A Ak
© EMO popize PFBA
= s PFH; .
E Pres No observed effects in Nile red assay
Q
g DBA
- L AFB1 = 3.16e-07
(5] APAP >2.00e-03
a BPA = 5.00e-04
Ie) CBD > 3.16e-05
= cBzZ = 1.00e-03
S cou > 1.00e-03
o CRY > 3.16e-04
DEHP 3.16e-04
% 10781 DIX o 2,002—01
EMO = 1.00e-04
L GA > 1.00e-04
5 Wl
GFM > 3.10e-
I GsT > 3.16e-04
EG > 3.16e-04
] > 1.00e-03
LIN > 1.00e-03
MEG > 1.00e-03
s MET =1.00e+00
1074 PCB126 > 5.00e-05
PYR = 1.00e-01
T T - v T T THIA > 3.16e-04
1078 107 107 1072 10° TSN = 1.00e-04
H4IIE Cytotoxicity EC;q median [M]
Fi gwWCempari son of the performance of cytotoxicity test and I|ipid droplet accur
AScatterplot ofovaheesmefinan &C | east 3 independent experiments) for two &bBaAams
maxi muppw BCues. The bl ack solid | iGreayr edparsehseedn tisi ntehse nhai rnke coof n sitdaenntt iftayct og @ ali € er
t hessays. Each | i ne -fcolrd edsepwinadtsi camo far ol W h e [Ciomep oaufn disdoernsteineévijef o ot =i N 10 n & 20 raeshsaitgh
penalty (51 highest tested concentration) and shown as teiahgdetsectihomsei wiitimdie

BRati o plot displaying the ratio of effective concent rraetsiuolntss owi tthwou ta spseanyasl toine s
with no observed effects, the highewtthestradi ooptent fatri em airen albdieoy .el dA bsitne draebda, p
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ME'I'. M1
Ey MET

PYR TRI
L 2

A A
DINP PFOA
A COU

o
o

MOR 2

A
DEHP PFB: PFBS
i GST
GENX. FBS PFOS
PCB126 PFOS - gfiT DIX

CBZ A SIEREPS ETOH
Ec—e| I GENX

PCB1, pec TSN

I,
i p;ﬁ “ AFB1
BPA\J T . FTOH
5T & o i LN
. £ . BPA
EMO) &lri oM DBA EMO
cug Yes PFHXA

H4I1IE Hoechst EC,, median [M]

.cED EG

sl PFBA

<
&
h

=

Log10 (EC,, median cytotoxicity/ EC,, median Hoechst)

[3
TCAB

No observed effects in Hoechst assay

cou >3.16e-03
DEHP > 3.16e-04
DINP >2.00e-03
MOR > 3.16e-04

H4lIE Cytotoxicity EC;, median [M] peB12s > 5.008-05

107 107° 107 107 10°

Fi guroe@ompari son of the performance of cytotoxicity test and nuclear enumeratio

AScatterplot ofovaheemef@hanmn &EC | east 3 independent experiments) for two &abB8ams
maxi mumv BCues. The bl ack sol i d | iGreayr edparsehseedn tlsi ntehse nha rnke coofn sitdeemtt iftayct og @ @l 1 éer
t hessays. Each | ine -fcolrd edsepwinadtsi amo far dlld W h e |Ciomep owfn disdoebristeihevijgfof ot =i Nlon &20r ebat k
penalty (tdsthédhesncentration) and shown as triangles; those windi edfedtisy iai b
BRati o plot displaying the ratio of effective concent rraetsiuolntss owi tthwou ta spsearyasl toine s
with no observed effects, the highewt thestadi ooptoent fatri emcihn aMsiay. | Abt e dtadbtao xp
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PFOS .
cu ]
08A ]
PCB118 ]
ETOH .
, ™ .
10°4 PFBS [
TCAB [
MET PFHXA
A PFOA
eTon + FTOH
PYR AS
- - : —
= 2 a err [
% DINP 0
5 voR Log10 (EC;, median Nile red/ EC;, median Hoechst)
@ a PFBA ppdp
E PFHXA-. T
ENX
L_‘)i ora? eron.” T2 £ No observed effects
A .
= bae i o | A In NR assay in Hoechst assay
| PFOA IEG A
B 10 %o erA vee AFB1 > 3.16e-07 cou >3.16e-03
N PCRATE BPA L IMI .
&} TSN 4 daiseil >2.00e-03 DEHP >3.16e-04
@ TRI a EMO Gi'r = BPA =5 00e-04
:IO: ° * ! ol GFM K CBD »3.166-05 DINP >2.00e-03
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regarding both the number of detectable compoun
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all tested compounds in the cell Iines (H411E an

Tab2#®Wverview of positive test

+++ al l spmp-8A@ndompounds, + <

Number of positive CTB Nile red  Hoechst
tested results

H4IIE +++ + ++
Zajdela +++ + +
Primary rat hepatocytes + i +

Regarding ®Taehk® titvhe yNi(l e red assay emerged as t
three systems, particularly in H41 1 E awhi IZaj del
providing tth@asmgemehialt $y the | east sensitive. I
rankeaed imi dtdhe for H41 1 E and Zajdela but showed t

hepatocytes.

Tab?2®Overview of cells system s
+++ most sensitive, ++ inter mei
Readout sensitivity CTB Nile red  Hoechst
H4I1E + +++ ++
Zajdela + +++ ++
Primary rat hepatocytes Sisis +++ +
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3.2.1l2@ts&rstem comparison: Sensitivity of cell s
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|l etsystem compheisgphobvobxicity readout in H41 1 E ar
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l18demonstrates a high degree of sdégvmilluersi tdy.f fRRor b
more than a factor of 3. 16, wh 0 [-f@o0l 9d sruabnsgtea. n cnsl vy
compound, DEHP, shows a deviation greater t han
more sensitive. Overalls,)ikahltll Brovdadlwiesss tEainrde tfor eegkih

|l etsystem compheisphobbdbxicity readout in H41 I E ar
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Li pid droplet accumulation test
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