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NAMs-Based Toxicity Testingand Risk Assessment

« How to extrapolatefrom in vitro test resultsto in vivo human health risk iskey for NAMs-based
risk assessment.
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InVitrotolnVivo Extrapolation (IVIVE)-InVivo Human

 Pharmacokinetic (PK) modelinghasbeen investigated for itsapplicationsin estimatingbiologically effective dosein target
tissues (forward dosimetry)and administered dosein vivo (reverse dosimetry,or IVIVE) for human risk assessment. 12
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InVitrotolnVivo Extrapolation (IVIVE)-InVivoAnimal

* Thisstudy usesaPK modelto connecttheinvitrotestsandinvivo animal tests,aimingto evaluate theimpact of ADME
(@absorption,distribution,metabolism,excretion) onin vivo test results.

Lung Tissue Q .
i i B} cardiac
ICE: httpsy//icentp.niehsnih.gov/ ! Lupg Blooy External
COSMOS: https//www.ngcosmosdbeu/ 2 i Tamca - Exposure «
EPP. ¢ . /  (DoseRegimen)  \
= f " / (4 -3 1 gutabs I ‘
) ||\ (éut Essu‘: ) ng Forward \
Mext Gelnefar]on |__ ut %00 i I* Dosimet ry I \
i i — \ / <~ InVivo Sudy
------- fum————————— T Liver Tissue qu‘ z \
é ‘ - :'_—D:_ ~ - (? 4/ R T R
o [ <—] LiverBlood ] E < ) O
In Vitro E Clmetabolism Qliver =
.%: 100 ; §. Home » Cremical Efects in Siologioal Systems (CEBS)
E :E Rest of Body E Chemical Effects in Biological Systems o
#
g © . Body Blood Qe
o 20
& 0
In vitro concentration (WM) Kidney Tissue .
Bioactive L1 Kidney Blood Sy || httpsi//cebsniehs.nih.gov/cebs/
. K Qgﬁ' :
Concentration :
_______ (orPoD) poD invitro v.s. Tissue Concentration #) i

(In Vivo plasma,liver conc.etc.) H

Yangetal.(2021) Computational Toxicology,Volume 19, https//doi.org/10.10 16/j.comtox.2021100 175. Altl’lal
?Bell etal.(2020) Toxicology in Vitro,Volume 67,https//doi.org/10.10 16/jtiv.2020.104916.

Science
Jingjie Zzhang | Regulatory Sciences | AltriaClient Services | CORESTA Oct 10th,2023 | NAMsII Symposium


https://doi.org/10.1016/j.comtox.2021.100175
https://doi.org/10.1016/j.tiv.2020.104916
https://cebs.niehs.nih.gov/cebs/
https://ice.ntp.niehs.nih.gov/
https://www.ng.cosmosdb.eu/

r

Chemicals of Interest

* Food flavoringcompoundsare commonly used in potentially reduced-risk (PRR) oral tobacco or nicotine products.'

* Flavoringcompounds, mostly generally recognized as safe (GRAS),have been thoroughly studied for their safety under
conditions of theintended use.

Most Frequently Used Flavor Compoundsin Select 50 OTDNs'?! Tox Data Recordsin ICE Database

Number of Substances by Data Type
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CaseExample -Tox Profileof Cinnamaldehyde

e Primary Evidence:NTP2004 1
» Cinnamaldehyde (CAS:104-55-2) is not genotoxic or carcinogenic, with in vitro activity in some tests.

Assay Type Results Notes
Ames Positivein TA  (+S9,mouse) TAI0O0 Positive
100 (+9) Otherwise,non-mutagenic
InVitro ~ Sisterchromatid 5 .. (-S9) Trial 1,2,&3: Positive, Negative, Positive
— exchange (+S9) Trial 1& 2: (+S9) Positive
t@ Chromosomal Negative (-S9) Trial 1: Positive; Trial 2&3: Negative
aberration” 9 (+S9) Negative
*Chinese hamster ovary (CHO) cells
Assay Type Results Notes ot . : glarﬁl:rr]zlt%
&O(;SSZ ﬁﬁdmg’ Negative Negative up to 4000 mg/kg/day
90-day feeding. Forestomach
Subchronic toxicity LOAEL 570 mg/kg/day (Rat)

In Vivo

NOAEL 200 mg/kg/day (Rat and Mouse)
2-year feeding, No (Derived ADI 32mg/kgusing
Carcinogenicity Carcinogenicity  uncertainty factorsof 10 and 6.2 for

intra-and inter-speciesextrapolation.)

INTP.(2004) https//ntp.niehsnih.gov/publications/reports/tr/500s/tr514
Curate product category datafrom https//icentp.niehsnih.gov/Tools?ool=pbpk )
Photosof cinnamon plant adopted from Friedman.(2017) Journal of Agricultural and Food Chemistry .65 (48),10406-10423; A|tl’|a
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In Vitro Toxicity Profile of Cinnamaldehyde

NRU and TPC Hep-2cell_48 hr 36.94 Oth e r E V i d e n C e

Survivalassay_Syrian hamster embryo cells_24 hr 18.52
Bioluminescence assay_P.leiognathi_24 hr 466 Oth e r Cy tOtOX
Co-culture Clonal Survival Assay BALB/c3T3_48 hr 7.12
MTT C.zeylanicum bark 5RP7 48hr =3 20 29 Cinnamaldehyde In Vitro Summary
MTT _C.zeylanicum bark_F2408 48 hr 19.34
MTT_C.burmaniibark_4T1.24 hr 25
MTT_C.zeylanicum bark_SCC-25_48 hr 30
MTT_C.zeylanicum bark_SCC-9_48 hr 100 Range =[5 —100]
MTT_C.zeylanicum EO_vero cells_ 24 hr 494
MTT_C.zeylanicum bark_SCC-25_72 hr 85
MTT_C.zeylanicum bark_SCC-9_72 hr 75
MTT_MDA-MB-231cells_24 hr 16.19 Cytotox 1C50-

MTT SCC-972hr & 4.62 Cy totox MTT

MTT_SCC-25.72hr B 4.88

8_ MTT_SCC-9_24 hr 15.85

.y MTT_SCC-25_24 hr 33.04

= MTT_SCC-9_48 hr 5.28

> MTT_SCC-25_48 hr 5.94

© MTT PC348hr B 9.7 Genotox LECH
A MTT_hPF_48 hr 489

< MTT_hESC 48 hr 52.87

MTT_MDA-MB-231cells_48 hr 12.16

Range=[0.00026 -500]

ToxCast_Nuclear receptor_AR luciferase 7.38 1 T T T T T T 1
ToxCast_Metabolism_AR luciferase 9.03 Toxcast
ToxCast_Cell viability_hESC cells 11.08 000010001 001 01 1 10 100 1000
Chromosome aberration(-59)_Chinese hamsterB241 + 0.00026 Concentration, IJg/mL

Chromosome aberration(+/-S9)_Chinese hamster B241 0.0013
Chromosome aberration(+/-S9)_Chinese hamster lungcell 75
Chromosome aberration(-59) Chinese hamster fibroblasts 10
Chromosome aberration_Chinese hamster ovary cells(+59) 10.21 C:I G e n OtOX e
Mammalian Mutation Assay_mouse lymphoma L5178Y 0.2

Sister Chromatid exchange_Chinese hamster ovary cells(-S9) 1 (.34 R
CometAssay_V79 Chinese hamster lungfibroblast (-S9) 13.2

Growth inhibition_Saccharomyces cerevisiae 100
MN_Hep-G2 (-59) 500
0 100 200 300 400 500 .
Tested in 264 assay s;3active assay safter curation. Concentration, pg/mL -
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Results:Estimatedinvivodosimetry (targettissue)

* Invivodoseregimen:oral (feed)dose 200 or 570 mg/kg/day for rats?
= Single bolus gavage vs.multiple gavage doses over 12 hours (considering 12-hour light-dark circle)

» Httk3> modelingto estimate cinnamaldehyde levels in gut, liver,and plasma

» Thegeneric modelingtool helps visualize the pharmacokinetic profile of various chemicals conveniently, with P E RA
experimental and predicted (with OPERA) parameters as part of the model.

. . . e . : : . . PEn (q)saR App
» Caveat:linear model,with no chemical-specific metabolic pathway;instead, clearance is adjusted to simulate
changes in elimination.
» Scenarios?
» Asingle (bolus)dose resultsina much higher Cmax in all three tissues than multiple (divided) doses.
» Underthe same dosingregimen (30 minsover 12 hours), the Cmax in all three tissues increase linearly to the total
daily dose.
Gavage 200 mg/kg/day, a single dose Gavage every 30 min (8.33 mg/kg/dose) over 12 hours Gavage every 30 min (23.75 mg/kg/dose) over 12 hours
400 - 100 .
» — out _Iloo N Daily dose 570 mg/kg
E _ £ go- £ s0-
2 300+ — Liver 2 2
c — Plasma S 60 Daily dose 200 mg/k s 07
% 200 2 g v @ F\ /\/\/\ /\/\/\
= = 40+ £ 404
5 Daily dose: 200 mg/kg g @
o
o O O
@) N eeeene Steady State
0 | | | | 0 T T T 1 0 ! AI, é 1
0 3 6 9 12 0 3 6 9 12

Time, hr Time, hr

12
) ) ~Time, hr
LNTP.(2004) https//ntp.niehsnih.gov/publications/reports/tr/500s/tr514 ; .
2 Pearce et al.(20 17) J tat Softw. 79(4): 1-26.doi: 10 18637/jssv079i04  Altrig
3 Assuming abody weight of 0 45kgfor rats
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Results:Connectln Vitro Toxicity andIn Vivo Dose

o Gutistheentry organ,and mostly similartoinvitro

exposure. : : : _ .
P . _ _ Tissue Level Estimation, Oral Administration
» Gl tract-directly exposed to test materials upon oral dosing-
similartoin vitro exposure 400 mm  Single Dose, 200 mg/kg/day
» Biologicalrelevancein acute toxicity invivo é' 350 B= half-hourly dose, 200 mg/kg/day
* Forestomach lesionsin subchronic feed studies up to 570 2 300 BE= Half-hourly Dose, 570 mg/kg/day
mag/kg/day = I
 Notobservedinthe chronicfeed studies upto 200 '% %gg :: In Vitro Cytotox IC50 Range
mag/kg/day = T Bl
c
* Blood $ 80 |
. - _ - c Cytotox Median
» Plasmalevelislow as predicted in modeling. S 40+
* Couldbeevenlower based onaratPK study due torapid 0-

oxidation.’ Gut_httk Liver_httk  Plasma_httk

» Theclearancerateinthe modelis based on OPERA prediction -
could be overestimated.

e Actualclearanceinratplasmais prolonged, possibly dueto
slow regeneration of cinnamaldehyde from protein
Conjugates thatesca pe hepatic metabolism.' 1 Yuan et al.(1992) Fd Chem Toxic 30(12): 997 - 1004
Altria I
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Summary

In thisexample,we demonstrate that publicly available (and relatively simple) linear TK modeling can help
link the dose-responserelationship between in vitro and in vivo studies.

TK modelingtoolscan provide quantitative relationship and information about the ADME of achemical.

= Variation amongtissues;Kinetic curves

Dose-dependentdifferencesininvivo (and in vitro) results can be partly explained by the TK modeling.
= Comparison between in vitro and estimated tissue concentration, especially the level in the targetorgan

Multiple PBPK models are available with pros and cons —depending on the question:

» Generic model:offers convenience for the evaluation of a large groups of compounds with less hasslein
definingand findingmodel parameters; often publicly available; easy to use

» Customized model:offersimproved accuracy in prediction with increased knowledge aboutthe
compound;commercial software, or expertisein coding

» The degree of uncertainty depends on the context of use: Sensitivity analysis can help identify which
parameters toreduce uncertainty —supplement with experimental data

Understandingthe dosimetry between in vitroand in vivo conditions is critical in ultimate use of the in silico
and in vitro-based (NAMs) assay results to quantitative toxicological risk assessment.

Ahﬁ;1

- . . : _ Science 1
Jingjie Zzhang | Regulatory Sciences | AltriaClient Services | CORESTA Oct 10th,2023 | NAMsII Symposium



r

Acknowledgement

Please contact meif you have any questions.

Jingjie Zhang, Principal Scientist (Jingjie.Zhang@altriacom)

AltriaClient Services,LLC
60 1E.Jackson &.,Richmond, VA 23219

Special acknowledgementsto our co-authors,Richard Morgan,Manoochehr Khazaee, K.
Monicalee,the Atrial Preclinical Team,AltriareviewersLincoln Edwards,Donna Smith,
Dongmei Xu,and the organizersand participantsof thissymposium.

Ahﬁgl

Science
Jingjie Zzhang | Regulatory Sciences | AltriaClient Services | CORESTA Oct 10th,2023 | NAMsII Symposium


mailto:Jingjie.Zhang@altria.com

I_Can we connhect EXposure
Dosimetry and Toxicity
Responsesin the Preclini
Evaluation of Ingredients

Case Examplesof Flavori
Chemicalsin Oral Tobacc
Products

October 10th, 2023




r

Abstract

Flavoring ingredients that are GRAS (“generally recognized as safe”) in food are commonly used in oral tobacco derived
nicotine (OTDN) products. While the GRAS status is not de facto approval for the use in oral tobacco products, the
accompanying toxicological information is relevant and useful in the safety evaluation of OTDN products, considering
the similarity of how the products are consumed. In addition to available regulatory limits, a weight of evidence of all
available nonclinical and clinical information is used to assess the suitability of using flavoring chemicals in OTDNs and
the potential health effects of these products. For some GRAS ingredients, specific in vitro and in vivo toxicity outcomes
sometimes present apparently different responses — for instance, cinnamaldehyde, a common flavor in oral consumer
products is known to induce positive in vitro genotoxicity; however, these in vitro hazard findings do not lead to in vivo
sequelae based on negative long-term carcinogenicity outcomes. In this talk, we have investigated the dosimetry basis
for these apparently different in vitro versus in vivo genotoxicity and carcinogenicity outcomes using cinnamaldehyde
as an example flavor in OTDN products. PBPK modelling and in vitro to in vivo extrapolation (IVIVE) approaches are
used to estimate the equivalent human daily exposures (EADs) and to evaluate in vitro toxicity findings in the in vivo
context. Using open-source PBPK models, we estimated the Cmax in the target organ (e.g., plasma and liver) of
cinnamaldehyde under in vivo (rodent and human) exposure conditions and compared the estimated doses to the in
vitro exposure ranges for cytotoxicity and genotoxicity findings. We also compared the estimated EADs from nonclinical
testing to the likely use levels in human use and discuss the estimated margin of exposure in the context of known
toxicological profiles of the ingredients. Using the case example, we demonstrate the relevance and opportunity of
incorporating target tissue dosimetry as a consideration as part of nonclinical toxicity evaluation and risk assessment.

Altrm
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