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Introduction
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We previously developed a workflow for a ‘tier 1’ systemic toxicity assessment based on integrating in .’
vitro points of departures (PoDs) from a cell stress panel (CSP), in vitro pharmacological profiling (IPP) - - S 2 N e N /
and high-throughput transcriptomics (HTTr) with Physiologically-based Kinetic (PBK) Modelling ’ Local and systemic exposure
predictions of human exposure to calculate a bioactivity exposure ratio (BER)! [Fig 1]. This approach ! estimates

shows promise in a capacity that protects consumers, however, it may be conservative, as PoDs are
based on bioactivity in in vitro assays which may not necessarily translate into adverse effects in
humans, and many substances (especially food ingredients), display bioactivity at consumer relevant
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Under scenarios where the tier 1 safety assessment cannot enable a safety decision, a tier 2 assessment J
. . . . . . . . . — MoA Benchmarking
may be required to elucidate whether the bioactivity would ultimately cause adaptative or adverse Hypothesis generation \ )
effects in humans. The composition of such an assessment is bespoke, however is informed by the
hypothesised mode of action (MOA) indicated th rough tier 1 testing and pre—existing literature Figure 1. Tier 1 safety assessment framework implemented in previous evaluation and possible areas for refinement in the context of data available for SFN as part of a tier 2 assessment using NAMs'.

knowledge [Fig 1].

Sulforaphane nitrile

In this study, we have conducted a tier 2 hypothetical assessment for SFN to inform a safety decision,
focusing on the potential for systemic toxicity using 2 different SFN exposure scenarios that are known to
be low risk to humans.
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Sulforaphane

Figure 2. Simplified sulforaphane formation process in cruciferous vegetables. Sulforaphane is not found at considerable concentrations in unprocessed Cruciferae. Instead is stored as a precursor,
T. 1 d t glucoraphanin. Upon damage to the plant, glucoraphanin is converted to an unstable intermediate (not shown) via the enzymatic action of myrosinases, either present in the plant or in the gastrointestinal
I e r a a tract. This unstable intermediate is converted to sulforaphane or sulforaphane nitrile, with the proportion of conversion to either depending on e.g., temperature, pH etc.
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Across the different methods/cell lines, the lowest PoD was

1,3 Figure 3. Summary of CSP bioactivity for Sulforaphane. Blue densities indicate Figure 4. PoDs from Tier 1 in vitro assays and internal exposure (Cmax) estimates (blue/orange line) for both SFN scenarios.
from the BIFROST methOd at 0.072 ”M (Hesz) ’ PoDs for assay-specific biomarkers and orange densities indicate pooled PoDs A)) for food and drink exposure scenario (3.9 mg/day) b.) for 6-month clinical study involving intake of 60 mg/day SFN. Blue

for assay-specific cell health biomarkers. Vertical line at 0.51 uM represents the and orange lines in a/b represent exposure estimates with shaded areas representing uncertainty in Cmax estimate, with

Ti e r 2 hyp ot h es i s g e n e ratio n best estimate/'Global PoD’ across all biomarkers (corresponding to change in darker shaded area representative of 50th percentile and lighter area representative of 95th percentile’->.
GSH content).

Tier 2 testing strategy:

Keapl
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Based on tier 1 data/literature informed hypothesis,
characterisation of SFN’'s effect on the oxidative stress
pathway is necessary to identify a ‘tipping point’ between
adaptation and adversity. Further assays investigating this

synthesis

proteins and GSH.
« One protein susceptible to SFN is KEAP1, the negative regulator of Nrf2 [Fig 5]. Nrf2 is responsible for the transcriptional
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Protealysis

« Soft electrophiles such as SFN form covalent adducts with nucleophiles of similar softness, for example cysteine residues on .. é

regulation of =200 genes containing the antioxidant response element (ARE) which have a range of functions such as redox 1 include:
balance/inflammation [Fig 5].

« Although Nrf2 induction by SFN has a potentially beneficial, cytoprotective impact against sources of oxidative stress, at o * Priming assays: Pre-treatment of cells with SFN prior to
higher exposures, soft electrophiles are well known for causing GSH depletion, oxidative stress and consequently challenge with an oxidative stress inducer (menadione).
cytotoxicity®. @ +7 v Analysi§ to compare §FN + menadione PoDs with

Crtosol @ — g v menadione only PoD  [Fig 6].

Tier 1data: Antiexidant  ROS/Electrophiles « Live cell imaging: Live monitoring of Nrf2 pathway

dynamics after single/repeat dosing in 2D and 3D cells with

« The above information is supported by tier 1 data e.g., in silico profiling (not shown), where positive alerts were returned for SFN and ‘similar’ substances (e.g., CDDO-Me,
protein binding and from the bioactivity assays e.g., the CSP [Fig 4], where the lowest PoDs primarily relate to GSH depletion @ l—» Andrographolide, ethacrynic acid) [Fig 7].

« Benchmarking: Comparing tier 1 bioactivity profile for SFN
to other substances with similar MoAs.

and reactive oxygen species (ROS) accumulation (eventually causing cytotoxicity).
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E 6. E £ th hif b « fic PoDs f * For Figure 7. Nrf2 nuclear accumulation in 2D HepG2 cells following 24-hour single exposure with Andrographolide, CDDO-Me, Ethacrynic  « |f substance is considered sufficiently similar to SEN_ tier 1
igure 6. Estimates of the shifts in biomarker-specific PoDs for : acid and Sulforaphane. Dashed and solid pink lines refer to 95% credible range and median of the control data, while dashed and solid . , '
menadione following 2 or 20 yM SFN pre-treatment. Lines represent menadione/sulforaphane ’ data may be used as a ‘benchmark’.

. . black lines refer to 95% credible range and median of the mean response.
95% credible ranges. treatment, minor Increases

in PoDs (up to 2-fold) for ° Across the 4 substances, the dynamics and potency of Nrf2 expression differs, with Sulforaphane,

Ethacrynic acid and Andrographolide showing a rapid peak and return to baseline expression, Safety decision making:

most biomarkers was . . =210 .« Weiaght of eviden roach intearatin ral lin f
observed illustrating  a whereas CDDO-Me shows a lower peak but slower return to baseline expression. Further analysis with g t of evidence app oach | teg at.' g several lines o
/ : evidence to enable safety decision making.
. potential cytoprotective Nrf2 downstream targets and other stress response pathways across 2D and 3D cell lines and
COHCIUSIOHS effect. following multiple exposures is required to understand the significance of these differences.
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The areas of focus for a tier 2 assessment will be case-dependent and could focus on either refining exposure estimates (e.g., through generating further in vitro ADME data or generating
human PK clinical data) or refining the hazard characterisation element, where follow-up assays will depend on the bioactivity/hypothesised MoA concluded following tier 1 testing/review.
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For SFN, from the tier 1 data and literature knowledge, further characterisation of the oxidative stress response was chosen as the bioactivity area to focus on.

Several tier 2 approaches are under way, including priming studies, pathway analysis, live cell imaging, and benchmarking studies. Following the completion and analysis of these studies, a
weight of evidence decision may be possible to enable safety decision making.
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