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There is an increasing awareness that the gut
microbiome plays a critical role in human
health and disease, but mechanistic insights
are often lacking. In June 2018, the Health and
Environmental Sciences Institute (HESI) held
a workshop, “The Gut Microbiome: Markers of
Human Health, Drug Efficacy and Xenobiotic
Toxicity”
(https://hesiglobal.org/event/the-gut-microbiom

e-workshop) to identify data gaps in
determining how gut microbiome alterations
may affect human health. Speakers and
stakeholders from academia, government, and
industry addressed multiple topics including
the current science on the gut microbiome,
endogenous and exogenous metabolites,
biomarkers, and model systems. The workshop
presentations and breakout group discussions
formed the basis for identifying data gaps and
research needs. Two critical issues that
emerged were defining the microbial
composition and function related to health and
developing standards for models, methods and
analysis in order to increase the ability to

compare and replicate studies. A series of key
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recommendations were formulated to focus
efforts to further understand host-microbiome
interactions and the consequences of exposure
to xenobiotics as well as identifying biomarkers

of microbiome-associated disease and toxicity.
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Many substances for which consumer
safety risk assessments need to be
conducted are not associated with specific
toxicity modes of action, but rather
exhibit nonspecific toxicity leading to cell
stress. In this work, a cellular stress
panel is described, consisting of 36
biomarkers representing mitochondrial
toxicity, cell stress, and cell health,
measured predominantly using high
content imaging. To evaluate the panel,
data were generated for 13 substances at
exposures consistent with typical
use-case scenarios. These included some
that have been shown to cause adverse
effects in a proportion of exposed humans
and have a toxicological mode-of-action
associated with cellular stress (eg,

doxorubicin, troglitazone, and diclofenac),
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and some that are not associated with
adverse effects due to cellular stress at
human-relevant exposures (eg, caffeine,
niacinamide, and phenoxyethanol). For
each substance, concentration response
data were generated for each biomarker
at 3 timepoints. A Bayesian model was
then developed to quantify the evidence
for a biological response, and if present, a
credibility range for the estimated point
of departure (PoD) was determined. PoDs
were compared with the plasma Cnax
associated with the typical substance
exposures, and indicated a clear
differentiation between “low” risk and
“high” risk chemical exposure scenarios.
Developing robust methods to
characterize the in vitro bioactivity of
xenobiotics is an important part of
non-animal safety assessment. The
results presented in this work show that
the cellular stress panel can be used,
together with other new approach
methodologies, to identify chemical
exposures that are protective of consumer
health.
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Organic solute transporter (OST) o/B is a
key bile acid transporter expressed in
various organs, including the liver under
cholestatic conditions. However, little is
known about the involvement of OSTa/B
in bile acid-mediated drug-induced liver
injury (DILI), a major safety concern in
drug development. This study
investigated whether OSTa/B
preferentially transports more
hepatotoxic, conjugated, primary bile
acids and to what extent xenobiotics
inhibit this transport. Kinetic studies
with OSTa/B-overexpressing cells
revealed that OSTa/B preferentially
transported bile acids in the following
order: taurochenodeoxycholate >
glycochenodeoxycholate > taurocholate >
glycocholate. The apparent half-maximal
inhibitory concentrations for
OSTa/B-mediated bile acid (5 pM)
transport inhibition by fidaxomicin,
troglitazone sulfate, and ethinyl estradiol
were: 210, 334, and 1050 pM,
respectively, for taurochenodeoxycholate;
97.6, 333, and 337 pM, respectively, for
glycochenodeoxycholate; 140, 265, and
527 uM, respectively, for taurocholate;
59.8, 102, and 117 uM, respectively, for
glycocholate. The potential role of OSTa/B
in hepatocellular glycine-conjugated bile
acid accumulation and cholestatic DILI
was evaluated using sandwich-cultured
human hepatocytes (SCHH). Treatment
of SCHH with the farnesoid X receptor
agonist chenodeoxycholate (100 pM)
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resulted in substantial OSTa/B induction,
among other proteomic alterations,
reducing glycochenodeoxycholate and
glycocholate accumulation in cells+bile
4.0- and 4.5-fold, respectively. Treatment
of SCHH with troglitazone and
fidaxomicin together under cholestatic
conditions resulted in increased
hepatocellular toxicity compared with
either compound alone, suggesting that
OSTa/B inhibition may accentuate DILI.
In conclusion, this study provides
insights into the role of OSTa/B in
preferential disposition of bile acids
associated with hepatotoxicity, the
impact of xenobiotics on
OSTa/B-mediated bile acid transport, and
the role of this transporter in SCHH and
cholestatic DILI.
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The aryl hydrocarbon receptor (AHR)
mediates developmental toxicity of
several xenobiotic classes including
polycyclic aromatic hydrocarbons. Using
embryonic zebrafish, we previously
identified 4 polycyclic aromatic
hydrocarbons that caused a novel

phenotype among AHR ligands—growth
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of a lateral, duplicate caudal fin fold. The
window of sensitivity to the most potent
inducer of this phenotype,

benzol klfluoranthene (BAF), was prior to
36 h postfertilization (hpf), although the
phenotype was not manifest until 60 hpf.
AHR dependency via Ahr2 was
demonstrated using morpholino
knockdown. Hepatocyte ablation
demonstrated that hepatic metabolism of
BAF was not required for the phenotype,
nor was it responsible for the window of
sensitivity. RNA sequencing performed
on caudal trunk tissue from B4F-exposed
animals collected at 48, 60, 72, and 96 hpf
showed upregulation of genes associated
with AHR activation, appendage
development, and tissue patterning.
Genes encoding fibroblast growth factor
and bone morphogenic protein ligands,
along with retinaldehyde dehydrogenase,
were prominently upregulated. Gene
Ontology term analysis revealed that
upregulated genes were enriched for
mesoderm development and fin
regeneration, whereas downregulated
genes were enriched for Wnt signaling
and neuronal development. MetaCore
(Clarivate Analytics) systems analysis of
orthologous human genes predicted that
R-SMADs, AP-1, and LEF1 regulated the
expression of an enriched number of gene
targets across all time points. Our results
demonstrate a novel aspect of AHR
activity with implications for

developmental processes conserved
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across vertebrate species.
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Human exposure to boron occurs
primarily through diet and drinking
water sources. Animal studies have found
that reduced fetal weight following
gestational exposure to boron (as boric
acid) is the most sensitive toxicological
effect. However, recent studies suggest
that newborns in areas with elevated
boron in drinking water may receive
levels of exposure that exceed the U.S.
EPA oral reference dose for B. Currently,
there are no data to inform a boron risk
assessment accounting for this
developmental window. To address this
knowledge gap, the National Toxicology
Program evaluated developmental
toxicity following pre- and postnatal
boron exposure. Time-mated female
Sprague Dawley (Hsd: Sprague Dawley
SD) rats were administered 0-20 mg
B/kg/day (as boric acid) via gavage from
gestation day 6 to 21; offspring were
dosed via gavage at the same respective
dose level from postnatal day (PND) 1 to

28. There were no dose-related effects on
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dam bodyweight, bodyweight gain, or
feed consumption. Clinical findings were
limited to low incidences of umbilical
hernia in the 20 mg B/kg pups which
resolved by study completion. Pup
plasma boron concentrations increased in
dose-proportional manner and were
similar between PND 4 and PND 28.
Postnatal weight gain was significantly
reduced at 20 mg B/kg, with male and
female pups weighing 23% less than the
controls on PND 28. These findings
demonstrate that postnatal growth in the
Sprague Dawley rat is sensitive to boron
exposure and highlights the importance
of evaluating the potential toxicity of
agents with known human exposures

during early life stages.
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Tributyltin (TBT) chloride is an
endocrine disrupting chemical associated
with reproductive complications. Studies
have shown that TBT targets the
reproductive tract, impairing ovarian
folliculogenesis, and uterine

morphophysiology. In this investigation,
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we assessed whether subchronic and low
dose of TBT exposure results in abnormal
ovarian follicular reserve and other
irregularities in female mice. TBT was
administered to female mice (500
ng/kg/day for 12 days via gavage), and
reproductive tract morphophysiology was
assessed. We further assessed
reproductive tract inflammation and
oxidative stress. Improper functioning of
the reproductive tract in TBT mice was
observed. Specifically, irregular estrous
cyclicity and abnormal ovarian
morphology coupled with reduction in
primordial and primary follicle numbers
was observed, suggesting ovarian reserve
depletion. In addition, improper follicular
development and a reduction in antral
follicles, corpora lutea, and total healthy
ovarian follicles together with an
increase in cystic follicles were apparent.
Evidence of uterine atrophy, reduction in
endometrial gland number, and
inflammation and oxidative stress were
seen in TBT mice. Further, strong
negative correlations were observed
between testosterone levels and
primordial, primary, and total healthy
ovarian follicles. Thus, these data
suggest that the subchronic and low dose
of TBT exposure impaired ovarian
follicular reserve, uterine gland number,
and other reproductive features in female

mice.
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Identifying a toxicity point of departure
(POD) is a required step in human health
risk characterization of crop protection
molecules, and this POD has historically
been derived from apical endpoints across
a battery of animal-based toxicology
studies. Using rat transcriptome and
apical data for 79 molecules obtained
from Open TG-GATES (Toxicogenomics
Project-Genomics Assisted Toxicity
Evaluation System) (632 datasets), the
hypothesis was tested that a short-term
exposure, transcriptome-based liver
biological effect POD (BEPOD) could
estimate a longer-term exposure
“systemic” apical endpoint POD. Apical
endpoints considered were body weight,
clinical observation, kidney weight and
histopathology and liver weight and
histopathology. A BMDExpress algorithm
using Gene Ontology Biological Process
gene sets was optimized to derive a liver
BEPOD most predictive of a systemic
apical POD. Liver BEPODs were stable
from 3 h to 29 days of exposure; the
median fold difference of the 29-day
BEPOD to BEPODs from earlier time

points was approximately 1 (range: 0.7—
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1.1). Strong positive correlation (Pearson
R = 0.86) and predictive accuracy (root
mean square difference = 0.41) were
observed between a concurrent (29 days)
liver BEPOD and the systemic apical
POD. Similar Pearson & and root mean
square difference values were observed
for comparisons between a 29-day
systemic apical POD and liver BEPODs
derived from 3 h to 15 days of exposure.
These data across 79 molecules suggest
that a longer-term exposure study apical
POD from liver and non-liver
compartments can be estimated using a
liver BEPOD derived from an acute or

subacute exposure study.
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Animal models are 78% accurate in
determining whether drugs will alter
contractility of the human heart. To
evaluate the suitability of
human-induced pluripotent stem
cell-derived cardiomyocytes (hiPSC-CMs)
for predictive safety pharmacology, we
quantified changes in contractility,
voltage, and/or Ca2+ handling in 2D

monolayers or 3D engineered heart
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tissues (EHTSs). Protocols were unified via
a drug training set, allowing subsequent
blinded multicenter evaluation of drugs
with known positive, negative, or neutral
inotropic effects. Accuracy ranged from
44% to 85% across the platform-cell
configurations, indicating the need to
refine test conditions. This was achieved
by adopting approaches to reduce
signal-to-noise ratio, reduce spontaneous
beat rate to <1 Hz or enable chronic
testing, improving accuracy to 85% for
monolayers and 93% for EHTs.
Contraction amplitude was a good
predictor of negative inotropes across all
the platform-cell configurations and of
positive inotropes in the 3D EHTs.
Although contraction- and
relaxation-time provided confirmatory
readouts forpositive inotropes in 3D
EHTs, these parameters typically served
as the primary source of predictivity in
2D. The reliance of these “secondary”
parameters to inotropy in the 2D systems
was not automatically intuitive and may
be a quirk of hiPSC-CMs, hence require
adaptations in interpreting the data from
this model system. Of the platform-cell
configurations, responses in EHTs
aligned most closely to the free
therapeutic plasma concentration. This
study adds to the notion that hiPSC-CMs

could add value to drug safety evaluation.
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Skeletal Muscle Injury Biomarkers
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Traditional serum biomarkers used to
assess skeletal muscle damage, such as
activity of creatine kinase (CK), lack
tissue specificity and sensitivity,
hindering early detection of drug-induced
myopathies. Recently, a novel four-factor
skeletal muscle injury panel (MIP) of
biomarkers consisting of skeletal
troponin I (sTnI), CK mass (CKm),
fatty-acid-binding protein 3 (Fabp3), and
myosin light chain 3, has been shown to
have increased tissue specificity and
sensitivity in rodent models of skeletal
muscle injury. Here, we evaluated if a
previously established model of
tissue-engineered functional human
skeletal muscle (myobundle) can allow
detection of the MIP biomarkers after
injury or drug-induced myotoxicity in
vitro. We found that concentrations of
three MIP biomarkers (sTnl, CKm, and
Fabp3) in myobundle culture media
significantly increased in response to
injury by a known snake venom
(notexin). Cerivastatin, a known
myotoxic statin, but not pravastatin,
induced significant loss of myobundle
contractile function, myotube atrophy,
and increased release of both traditional

and novel biomarkers. In contrast,
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dexamethasone induced significant loss
of myobundle contractile function and
myotube atrophy, but decreased the
release of both traditional and novel
biomarkers. Dexamethasone also
increased levels of matrix
metalloproteinase-2 and -3 in the culture
media which correlated with increased
remodeling of myobundle extracellular
matrix. In conclusion, this
proof-of-concept study demonstrates that
tissue-engineered human myobundles
can provide an in vitro platform to probe
patient-specific drug-induced myotoxicity
and performance assessment of novel
injury biomarkers to guide preclinical

and clinical drug development studies.
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Paraquat (PQ) is an herbicide used in
many countries, including the United
States. It is also implicated as a risk
factor for sporadic Parkinson’s disease,
especially in those living in agricultural
areas and drinking well water. Studies
linking PQ to sporadic Parkinson’s
disease are not consistent however and

there appears to be interindividual
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differential susceptibility. One likely
reason 1s genetically based differential
susceptibility to paraquat neurotoxicity
in subpopulations. To address this issue,
we tested the effects of paraquat in a
genetic reference population of mice (the
BXD recombinant inbred strain family).
In our earlier work, we showed that in
genetically susceptible mice, paraquat
increases iron in the ventral midbrain,
the area containing the substantia nigra.
Our hypothesis is that genetic variability
contributes to diverse PQ-related
susceptibility and iron concentration. To
test this hypothesis, we treated male
mice from 28 to 39 BXD strains plus the
parental strains with 1 of 3 doses of
paraquat, 1, 5, and 10 mg/kg 3 times on a
weekly basis. At the end of the treatment
period, we analyzed the ventral midbrain
for concentrations of iron, copper, and
zinc, also we measured the concentration
of paraquat in cerebellum, and
proinflammatory cytokines in serum and
cerebellum. The effect on
paraquat-treated mice with 5 mg/kg and
principal component analysis of iron
showed suggestive quantitative trait loci
on chromosome 5. Overall, our results
suggest that gene Prkag2 and related
networks may serve as potential targets
against paraquat toxicity and
demonstrate the utility of genetically
diverse mouse models for the study of

complex human toxicity.
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5-Chloro-2-(2,4-dichlorophenoxy)phenol
(triclosan) is an antimicrobial chemical
widely used in consumer household and
clinical healthcare products. Human and
animal studies have associated triclosan
exposure with allergic disease.
Mechanistic studies have identified
triclosan as a mitochondrial uncoupler;
recent studies suggest that mitochondria
play an important role in immune cell
function and are involved in activation of
the NLRP3 inflammasome. In this study,
early immunological effects were
evaluated via NLRP3 activation following
dermal triclosan application in a BALB/c
murine model. These investigations
revealed rapid caspase-1 activation and
mature IL-18 secretion in the skin and
draining lymph nodes (dLNs) after 1.5%
and 3% triclosan exposure.
Correspondingly, pro-II-1b and S100a8
gene expression increased along with
extracellular ATP in the skin. Peak gene
expression of chemokines associated with
caspase-1 activation occurred after 2
days of exposure in both skin tissue and
dLNs. Phenotypic analysis showed an

increase in neutrophils and macrophages
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in the dLN and myeloid and
inflammatory monocytes in the skin
tissue. Triclosan also caused
mitochondrial dysfunction shown
through effects on mitochondrial reactive
oxygen species, mass, mitochondrial
membrane potential, and mitochondrial
morphology. These results indicate that
following triclosan exposure, activation of
the NLRP3 inflammasome occurs in both
the skin tissue and dLNs, providing a
possible mechanism for triclosan’s effects
on allergic disease and further support a
connection between mitochondrial
involvements in immunological

responses.
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Arsenic exposure impairs muscle
metabolism, maintenance, progenitor cell
differentiation, and regeneration
following acute injury. Low to moderate
arsenic exposures target muscle fiber and
progenitor cell mitochondria to
epigenetically decrease muscle quality
and regeneration. However, the
mechanisms for how low levels of arsenic
signal for prolonged mitochondrial

dysfunction are not known. In this study,
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arsenic attenuated murine C2C12
myoblasts differentiation and resulted in
abnormal undifferentiated myoblast
proliferation. Arsenic prolonged
ligand-independent phosphorylation of
mitochondrially localized epidermal
growth factor receptor (EGFR), a major
driver of proliferation. Treating cells with
a selective EGFR kinase inhibitor,
AG-1478, prevented arsenic inhibition of
myoblast differentiation. AG-1478
decreased arsenic-induced colocalization
of pY84SEGFR with mitochondrial
cytochrome C oxidase subunit II, as well
as arsenic-enhanced mitochondrial
membrane potential, reactive oxygen
species generation, and cell cycling. All of
the arsenic effects on mitochondrial
signaling and cell fate were mitigated or
reversed by addition of mitochondrially
targeted agents that restored
mitochondrial integrity and function.
Thus, arsenic-driven pathogenesis in
skeletal muscle requires sustained
mitochondrial EGFR activation that
promotes progenitor cell cycling and
proliferation at the detriment of proper
differentiation. Collectively, these
findings suggest that the
arsenic-activated mitochondrial EGFR
pathway drives pathogenic signaling for
impaired myoblast metabolism and

function.

FZ 5 (EGFR) DU Ay RIEAFNEY
Vb EEIE S, MO FEE e KT A
N—"TF, IR EGFR X —EHEH
AG-1478 THifi 2 /LB 2% & | 2l sy
fboe R L LHAENIESNE LT,

AG-1478 |%. pYB45EGFR O b #iFui|Z &
L5 haryRYUT7F I —LCEFUH
—BHTa=y Ml EOIEE, BLOE
FHRI a2 KU TSN, ISTEER R
DAL, 3 KO E 2 S F L,
2 har RYTOYVTFIVEEEHIBOE
T2 e /ORI T, I har
RU T oM EREAEET LI ha
RU T &R & LT3 A OB X - THE
MELEFWIRLE L, LER-> T, B
0 e FBEEORFINIL, W72 b okEE
CHIBEARAL OIEER & B 2 (it 3 2 Frpe
723 b3 RU 7 O EGFRIEMAL 2 S8 L
LET, LT, 2D ORAERRIT,
v RIEMEI =2 R U 7 EGFR #RE 235
TR DO & BERERE E O RIS 7L
REEAETH 2 L 2R L TOET,

Respirometric Screening and Characterization of Mitochondrial Toxicants Within



https://academic.oup.com/toxsci/article/176/1/175/5831306

GoogleTransiadion/ AEIC Trial

the ToxCast Phase | and Il Chemical Libraries

Daniel R Hallinger, Hayley B Lindsay, Katie Paul Friedman, Danielle A Suarez, Steven O

Simmons
Toxicol. Sci. (Jul. 2020) 176 (1) : 175-192,

Original

Google translation

Mitochondrial toxicity drives several
adverse health outcomes. Current
high-throughput screening assays for
chemically induced mitochondrial toxicity
typically measure changes to
mitochondrial structure and may not
detect known mitochondrial toxicants.
We adapted a respirometric screening
assay (RSA) measuring mitochondrial
function to screen ToxCast chemicals in
HepG2 cells using a tiered testing
strategy. Of 1042 chemicals initially
screened at a singlemaximal
concentration, 243 actives were identified
and rescreened at 7 concentrations.
Concentration-response data for 3
respiration phases confirmed activity and
indicated a mechanism for 193
mitochondrial toxicants: 149 electron
transport chain inhibitors (ETCi), 15
uncouplers and 29 adenosine
triphosphate synthase inhibitors.
Subsequently, an electron flow assay was
used to identify the target complex for 84
of the 149 ETCi. Sixty reference
chemicals were used to compare the RSA
to existing ToxCast and Tox21
mitochondrial toxicity assays. The RSA

was most predictive (accuracy = 90%) of
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mitochondrial toxicity. The Tox21
mitochondrial membrane potential assay
was also highly predictive (accuracy =
87%) of bioactivity but underestimated
the potency of well-known ETCi and
provided no mechanistic information. The
tiered RSA approach accurately identifies
and characterizes mitochondrial
toxicants acting through diverse
mechanisms and at a throughput
sufficient to screen large chemical
inventories. The electron flow assay
provides additional confirmation and
detailed mechanistic understanding for
ETCi, the most common type of
mitochondrial toxicants among ToxCast
chemicals. The mitochondrial toxicity
screening approach described herein may
inform hazard assessment and the in
vitro bioactive concentrations used to
derive relevant doses for screening level
chemical assessment using new approach

methodologies.
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The vast majority of neurodegenerative
disease cannot be attributed to genetic
causes alone and as a result, there is

significant interest in identifying
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environmental modifiers of disease risk.
Epidemiological studies have supported
an association between long-term
exposure to air pollutants and disease
risk. Here, we investigate the
mechanisms by which diesel exhaust, a
major component of air pollution, induces
neurotoxicity. Using a zebrafish model,
we found that exposure to diesel exhaust
particulate extract caused behavioral
deficits and a significant decrease in
neuron number. The neurotoxicity was
due, at least in part, to reduced
autophagic flux, which is a major
pathway implicated in
neurodegeneration. This neuron loss
occurred alongside an increase in
aggregation-prone neuronal protein.
Additionally, the neurotoxicity induced
by diesel exhaust particulate extract in
zebrafish was mitigated by co-treatment
with the autophagy-inducing drug
nilotinib. This study links environmental
exposure to altered proteostasis in an in
vivo model system. These results shed
light on why long-term exposure to
traffic-related air pollution increases
neurodegenerative disease risk and open
up new avenues for exploring therapies
to mitigate environmental exposures and

promote neuroprotection.
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There is a growing need to understand
the potential neurotoxicity of
organophosphate flame retardants
(OPFRs) and plasticizers because use
and, consequently, human exposure, is
rapidly expanding. We have previously
shown in rats that developmental
exposure to the commercial flame
retardant mixture Firemaster 550 (FM
550), which contains OPFRs, results in
sex-specific behavioral effects, and
1dentified the placenta as a potential
target of toxicity. The placenta is a
critical coordinator of fetal growth and
neurodevelopment, and a source of
neurotransmitters for the developing
brain. We have shown in rats and
humans that flame retardants
accumulate in placental tissue, and
induce functional changes, including
altered neurotransmitter production.
Here, we sought to establish if OPFRs
(triphenyl phosphate and a mixture of
isopropylated triarylphosphate isomers)
alter placental function and fetal
forebrain development, with disruption of

tryptophan metabolism as a primary
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pathway of interest. Wistar rat dams
were orally exposed to OPFRs (0, 500,
1000, or 2000 pg/day) or a serotonin
(5-HT) agonist 5-methoxytryptamine for
14 days during gestation and placenta
and fetal forebrain tissues collected for
analysis by transcriptomics and
metabolomics. Relative abundance of
genes responsible for the transport and
synthesis of placental 5-HT were
disrupted, and multiple neuroactive
metabolites in the 5-HT and kynurenine
metabolic pathways were upregulated. In
addition, 5-HTergic projections were
significantly longer in the fetal forebrains
of exposed males. These findings suggest
that OPFRs have the potential to impact
the 5-HTergic system in the fetal
forebrain by disrupting placental
tryptophan metabolism.
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Original
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Integrating nonclinical in vitro, in silico,
and in vivo datasets holistically can
improve hazard characterization and risk
assessment. In pharmaceutical
development, cardiovascular liabilities

are a leading cause of compound
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attrition. Prior to clinical studies,
functional cardiovascular data are
generated in single-dose safety
pharmacology telemetry studies, with
structural pathology data obtained from
repeat-dose toxicology studies with
limited concurrent functional endpoints,
eg, electrocardiogram via jacketed
telemetry. Relationships between
datasets remain largely undetermined.
To address this gap, a cross-pharma
collaboration collated functional and
structural data from 135 compounds.
Retrospective functional data were
collected from good laboratory practice
conscious dog safety pharmacology
studies: effects defined as hemodynamic
blood pressure or heart rate changes.
Morphologic pathology findings (mainly
degeneration, vacuolation, inflammation)
from related toxicology studies in the dog
(3-91 days repeat-dosing) were
reviewed, harmonized, and location
categorized: cardiac muscle (myocardium,
epicardium, endocardium, unspecified),
atrioventricular/aortic valves, blood
vessels. The prevalence of cardiovascular
histopathology changes was 11.1% of
compounds, with 53% recording a
functional blood pressure or heart rate
change. Correlations were assessed using
the Mantel-Haenszel Chi-square trend
test, identifying statistically significant
associations between cardiac muscle
pathology and (1) decreased blood

pressure, (2) increased heart rate, and
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between cardiovascular vessel pathology
and increased heart rate. Negative
predictive values were high, suggesting
few compounds cause repeat-dose
cardiovascular structural change in the
absence of functional effects in
single-dose safety pharmacology studies.
Therefore, observed functional changes
could prompt moving (sub)chronic
toxicology studies forward, to identify
cardiovascular liabilities earlier in
development, and reduce late-stage

attrition.
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Original
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Next-Generation Risk Assessment is
defined as an exposure-led,
hypothesis-driven risk assessment
approach that integrates new approach
methodologies (NAMs) to assure safety
without the use of animal testing. These
principles were applied to a hypothetical
safety assessment of 0.1% coumarin in
face cream and body lotion. For the
purpose of evaluating the use of NAMs,
existing animal and human data on
coumarin were excluded. Internal
concentrations (plasma Cnax) Were

estimated using a physiologically based
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kinetic model for dermally applied
coumarin. Systemic toxicity was assessed
using a battery of in vitro NAMs to
identify points of departure (PoDs) for a
variety of biological effects such as
receptor-mediated and
immunomodulatory effects (Eurofins
SafetyScreen44 and BioMap Diversity 8
Panel, respectively), and general
bioactivity (ToxCast data, an in vitro cell
stress panel and high-throughput
transcriptomics). In addition, in silico
alerts for genotoxicity were followed up
with the ToxTracker tool. The PoDs from
the in vitro assays were plotted against
the calculated 1n vivo exposure to
calculate a margin of safety with
associated uncertainty. The predicted
Cmax values for face cream and body
lotion were lower than all PoDs with
margin of safety higher than 100.
Furthermore, coumarin was not
genotoxic, did not bind to any of the 44
receptors tested and did not show any
immunomodulatory effects at
consumer-relevant exposures. In
conclusion, this case study demonstrated
the value of integrating exposure science,
computational modeling and in vitro
bioactivity data, to reach a safety

decision without animal data.
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