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Use of In Vitro to In Vivo Extrapolation (IVIVE) for Estimating Preliminary 
Margin of Exposure of Flavor Compounds via Oral Intake

Methods: Benzyl Alcohol as an Example
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Chemical Name CASRN
FEMA 
PADI 

(mg/day)

RfD
(mg/day) References for RfD

2-METHYLPYRAZINE 109-08-0 4.73 0.54 Cramer Class

ETHYL SALICYLATE 118-61-6 5.36 5.36 FEMA PADI

GAMMA-DECALACTONE 706-14-9 4.59 1.80 Cramer Class

CITRONELLYL ACETATE 150-84-5 2.34 1.8 Cramer Class

METHYL SALICYLATE 119-36-8 38.41 30 JECFA ADI

CINNAMYL ACETATE 103-54-8 2.06 1.8 Cramer Class

6-METHYL-5-HEPTEN-2-ONE 110-93-0 0.55 0.54 Cramer Class

3-PHENYLPROPYL ACETATE 122-72-5 2.1 2.1 FEMA PADI

BUTYL ACETATE 123-86-4 6.16 6.16 FEMA PADI

2,5-DIMETHYLPYRAZINE 123-32-0 4.8 4.8 FEMA PADI

2,6-DIMETHYLPYRAZINE 108-50-9 4.8 4.8 FEMA PADI

CITRAL 5392-40-5 27.69 30 JECFA ADI

BETA-IONONE 14901-07-6 2.14 6 JECFA ADI

ALPHA-IONONE 127-41-3 0.97 6 JECFA ADI

BENZYL ALCOHOL 100-51-6 41.88 300 JECFA ADI

ISOAMYL ACETATE 123-92-2 24.49 180 JECFA ADI

GERANIOL 106-24-1 3.42 30 JECFA ADI

ISOAMYL BUTYRATE 106-27-4 9.64 180 JECFA ADI

EUGENOL 97-53-0 6.99 150 JECFA ADI

BENZYL BENZOATE 120-51-4 10.08 300 JECFA ADI

ISOAMYL ALCOHOL 123-51-3 4.06 180 JECFA ADI

BENZYL ACETATE 140-11-4 3.38 300 JECFA ADI

SACCHARINE, SODIUM SALT 128-44-9 2.83 300 JECFA ADI

PROPYLENE GLYCOL 57-55-6 7.44 1500 JECFA ADI

SODIUM CARBONATE 497-19-8 NA NA JECFA ADI not specifiedPBPK: Physiologically based pharmacokinetics; httk: high-throughput toxicokinetics; cHTS: 
curated high-throughput screening; QSA/PR: in silico quantitative structure activity/property 
relationship modeling; IVIVE: In vitro to in vivo extrapolation; MOE: Margin of Exposure; BW: 
Body Weight, assuming 70 kg for MOENAMs; EAD: Estimated Administered Dose, mg/kg 
BW/day; PADI: the possible average daily intake, mg/day

Chemical Similarity Match and Read-Across 4
• Combine CDK, PaDEL and MACCS fingerprints to 

determine the structural similarity with Tanimoto score 
of 0.7 – 1.0

• Confirm identified similar structures with visual analysis
• Consider in vitro data intensity: at least 1 active assay 

found in the Tox21 / ToxCast for read-across

CASRN: CAS Registry Number; RfD: reference dose; TTC: threshold of toxicological concern; FEMA: 
Flavor Extract Manufacturers Association; JECFA: the Joint FAO/WHO Expert Committee on Food 
Additives; ADI: acceptable daily intake based on 60 kg human BW; NA: Not Available

Example Chemicals
• Flavor compounds generally recognized as safe 

(GRAS) for oral consumption in food
• Compounds with traditional exposure/risk assessment 

available

• The study demonstrated the feasibility of using in vitro bioactivity data and PBPK models for preliminary risk assessment
of oral ingredients. The median MOEs of selected 25 flavor ingredients between the NAM-based and traditional method
differed by up to 2 orders of magnitude but were overall within the comparable range.

• Limitations and gaps were identified for future considerations.
o In vitro assays and their biological responses: In this study, we limited the selection of in vitro assays to those

publicly available (e.g., Tox21/ToxCast). Also, the median of EADs based on plasma Cmax was mostly between 1
and 100 mg/kg BW/day, possibly due to the assay type and the dose range tested in the cHTS database.
Therefore, if the selected assays do not represent the mechanisms related to the adverse outcome, experimental
assays may be necessary.

o Available exposure limit and uncertainty factors: The results showed a wide variation of MOENAMs among 25
example ingredients, which mainly reflected the impact of different possible average exposure level estimated for
oral ingredients (i.e., PADI). Uncertainty factors (UFs) are usually considered in traditional risk assessment.
However, in the NAM-based approach the appropriateness of applying UFs has not been defined.
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In Vitro Data Curation
• ICE curated data (cHTS) 5,8

o Retrieve HTS data from ICE v3.4
o ICE 9,10 curated data includes 

some automated curve-based 
filtering and integration of publicly 
available chemical QC info

• Manual curation
o Active curves were evaluated 

and omitted due to noise data, 
borderline active, or poor curve fit

PBPK Parameters: EPA Chemical 
Dashboard and in silico QSA/PR Model 7

Plasma PK Profile: One Oral Single Dose 
Per Day

Estimated Administered Dose: 
Chemical A and C Combined

Toxicological Threshold (RfD) for
Traditional MOE Assessment (MOETraditional)

References

• Traditional risk assessments usually utilize levels of toxicological concern derived from in vivo testing (e.g., JECFA
ADI, Cramer Class) or acceptable regulatory exposure limits (e.g., FEMA PADI).

• New approach methodologies (NAMs), such as in vitro and in silico methods, may offer novel approaches for chemical
risk assessment without additional in vivo testing.

• In this study, we used publicly available in vitro bioactivity data (ToxCast 1,2/ Tox21 3) and generic pharmacokinetic
models (httk packages for R) to conduct a preliminary risk assessment of selected flavor ingredients used in oral
tobacco products.

• The resulting margin of exposure (MOENAMs) estimates were compared to the traditional MOE (MOEtraditional) as a
preliminary evaluation.

EAD Based on Plasma Cmax Extrapolated from Active Assays

MOENAMs Based on Plasma Cmax Extrapolated from Active AC50
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• 5 out of in total 636 assays provide valid bioactivity data (e.g. AC50 from the Hill equation model) for 
IVIVE. For the rest of the 631 inactive assays which do not provide an AC50 value, the top dose tested 
were used for IVIVE.

• When active assays are used for the calculation, MOENAM < MOETraditional , which is less conservative. 
This may be due to the metabolism of benzyl alcohol to benzoic acid in vivo

MOENAMs VS. MOETraditional
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