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Oral plcotlne pouches (NPs) are tobacco leaf-free products and therefore conta|.n none or §ubstant|ally Iower_ levels of the harmful gnd potentially harmful Figure 1. MTT Cytotoxicity Assay. p—— Figure 2. Ames Mutagenicity Assay (TA98+S9 [A] and TA1537+S9 [B])
constituents found in tobacco and tobacco smoke. Thus, NPs may present a potential reduced risk alternative to cigarettes. The goal of this study was to perform Nicone Y
toxicological assessment of 12 test NPs (four on!® nicotine pouch products [Original and three flavors], each at three nicotine levels [2 mg, 4 mg, and 8 mg]) and 200 150- A B
compare results to combustible reference cigarettes (3R4F, 1R6F) as well as smokeless tobacco products (reference moist snuff [CRP2.1], reference snus — 28 400 = 80—
[CRP1.1], four market snus products and six market NPs, using a regulatory in vitro assay battery (MTT for cytotoxicity, Ames for mutagenicity, and micronucleus - _g gg 97 o o
[MN] for genotoxicity). Cigarette smoke (CS) condensates were collected in ethanol, using ISO intense puffing regimen. All oral products (NPs and smokeless = S 1509 §§ o © 200 © 3RAF
tobacco products, including snus) were extracted in enzyme-free artificial saliva (10% w/v). In the MTT assay, CS was cytotoxic (ICs, of < 5 pg/mL nicotine), while § g €2 % ..% 60=
all tested oral products were non-cytotoxic, even when tested at >10-fold higher nicotine concentrations. In the Ames assay, CS was mutagenic (strain TA98+S9, i rT 100 0 . . . c k=
TA1537+S9), while all oral products were non-mutagenic even when tested at >50-fold higher nicotine concentrations. In the MN assay, CS was genotoxic at 21-2 =S o N (,,g,,,lic,)o oo £ 2004 £ 40-
ug/mL nicotine. The CRP1.1, market snus, five market NPs, and five test NPs were non-genotoxic under the testing conditions. The CRP2.1, and some market and o q>_ 70 o 2
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test NPs were positive or equivocal for genotoxicity but only at substantially high concentrations (e.g., above the OECD-recommended limit of 5 mg/mL mass for e C 5o o’ 04
noncytotoxic mixtures) that were at >20-fold higher nicotine concentrations in comparison to CS. In summary, tested NPs and all oral products exhibit substantially = 100+ UL-95°/2(9I_
lower toxicity profiles, supporting their reduced risk potential compared to combustible cigarettes. UL-95% Cl|
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Oral nicotine pouches (NPs) are emerging tobacco-leaf-free innovative products with the potential for tobacco harm reduction (THR). Because these products are tobacco- Nicotine (pg/mL) Nicotine (ug/plate) Nicotine (ug/plate)
and smoke-free, they have no or significantly reduced tobacco smoke-related toxicants. They contain tobacco-derived nicotine and various flavor ingredients that are generally « CS condensates were cytotoxic (IC., of < 5 pg/mL nicotine), while tested oral product extracts were non-cytotoxic, even when tested at 35-\ _ _ _ . ,
recognized as safe (GRAS) for oral use. However, limited data exists regarding their toxicity profile and their position in THR in comparison to combustible cigarettes. In this 165-fold higher nicotine concentrations ) ChS c?nciegsaJ[tZ% \évg(r)ef Tdu:f.]gﬁ nie .(St:?m TA98+?9’,[.TA1537+89)’ Kl €1 el plelies WEts hehrnMEESals () el suelns Gieh W
study, we evaluated the cytotoxic and genotoxic potential of 12 Test NPs using a battery of regulatory in vitro assays (MTT assay, Ames assay, and in vitro MN assay) and - Market NP-3 was weakly cytotoxic: viability of 60% at the highest nicotine concentration (>100-fold higher nicotine concentrations when tested at ob-ouL-o1d figher nicotine concentrations |
their relative toxicity to the combustible and oral tobacco comparators (smokeless tobacco, snus products, and market NPs). compared to CS) Table 1. Tested Products. L d d in vitro Testina S
* The observed increase in viability in some oral tobacco products was not likely driven by nicotine per se (see Insert Figure: MTT anie 1. 1este roducts, Legends, and in vitro 1esting summary
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IN VITRO TOXICOLOGICAL ASSESSMENT WORKFLOW FOR STANDARD ASSAYS Figure 3. In vitro MN Genotoxicity Assay (27h-S9-Most Responsive Group): S | | N M S s | P
" Products e _ 4 _ _ 4 Normalized to Nicotine [A] and to Test Material Mass [B]. o | o " o P e ot
T t d TQSt materlal TOX'COIOQlcaI . . . b 5 mg/mL .82 £ 0.22 pg/mL nicotine 1.95 g nicotinelplate 48 pg/mL nicotine
esie . a Crlterla fOI’ Evaluatlng Assay Responses A 12 NP3 B 12 - CRP 1.1 (reference snus) | - NA NA Negative Negative Negative
(Table 1) preparation assessment ST / 3 : /' CRP 21 dormwarost | . " i Negative Negative __ Posiive
o snu .02 pg/mL nicotine
e . ™~ a2 N 8 Range Market snus-1 No flavor, 8.5 mg 1.00 Negative Negative Negative
C;r?bustlblePTogactco V\/Celgjgeotltlz ;25';: :t%gfmirl]sj;?ns [ N 3 6 D 6) : Market snus-2 Mint,8mg | 1.00 Negative Negative Negative
° e(r:e_nce FORLER SO int SO 20778) puff : OECD 129° Positive (cytotoxic): If the viability was less than 70%2 compared to vehicle © O Market snus-3 White,8mg | 1.00 Negative Negative Negative
(Cigarettes): intense ( ) puffing - = - Market snus-4 Wintergreen, 8 mg | 1.00 Negative Negative Negative
. Mammalian mouse control. c =
N 3R4F & 1R6F ) U regimen. ) 373 cel viabiIity (I\/lTT) ) o 4 o) 4 Market NP-1 e Smooth,3mg | 0.40 Negative Negative Negative
/ \ I O Market NP-2 —— Mint, 6 mg 0.40 Negative Negative Negative
Smogecl)eRsE?Zﬁacco / \ — _ i 1R6F Cis2mg ~ ona oM S Market NP3 | o | Peppermint,6mg | 0.745 Positive Negative 31_55F’$rinti\;§zme
Reference Products: ﬁ ositive (mutagenlc) \ ° 2 ’/ O\O 2 . Market NP-4 —*— | Wintergreen,4mg | 0.375 Negative Negative Negative
CRP 1.1 (Snus) & 4 1) Concentration-dependent increase in revertants per plate in at least one tester Market NP-5 A Mint, 2 mg 0.220 Negative Negative Negative
\(CRP 2.1 (Moist snuff) / Oral product extracts were OECD 4713 strain. At least a 2-fold increase for TA101 and TA102 (3-fold increase for TA98, - : Market NP-G e Citus2mg | 0.220 Negative Negative Negative
prepared in enzyme-free Bacterial Mutagenicity TA1535, and TA1537) over the respective vehicle control’s values, and UL-95%CI UL-95% CI g e —— | Noflavor2mg | 025 Negative Negative Negative
Market Snus: Artificial Saliva® (AS) u§ing 10% ™| (Ames Pre-incubation 2) Increases.are observed in at _Ieast two or more successive concentrations, or the 0] 0] ] | | "o | Noflavordmg | 025 Negative Negative Negative
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b » Nicotine concentrations in the 3) Increases in the revertants per plate are outside the range of the lab’s historical R
~ | extracts vary depending on the \_ vehicle control background values. - Nicotine (ug/mL) Mass (m g 'm |_) L Mint2mg | 0.25 Negative Negative | uivocal”
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(comparable flavors p‘;ﬁ”:; 32: dtTg 2;:?:\/9; tor:ce OECP 487 /Positive (genotoxic): A » CS condensates, CRP 2.1, and NP-3 were genotoxic. CRP 1.1, four market snus, and five market NPs were non-genotoxic under tested condition A - Mint8mg | 0.25 Negative Negative Equivocal"
to Test NPs) 10% wi ratio. Mammalian hqman 1) At least one of the test concentrations exhibits a statistically significant (z' = 0.6) - Test NPs showed varying genotoxic responses, sometimes showing genotoxicity at lower tested nicotine concentrations (compared to ST products, see Figure 3A) on Test NP _ . . 33“;’;’)’:;;:1“
TK6 genotoxicity increase in %MN relative to concurrent vehicle control, and « Some Test NPs (on!) were genotoxic (equivocal or positive under the testing conditions) but only at substantially higher concentrations (however, at least >90-fold higher nicotine T TSN e Negative Negative 87 gim. nicotine
Test Oral NPs: (Flow-based in vitro 2) The increase is dose-related in at least one experimental condition when concentrations in comparison to CS; see Table 1 for details). —— Citrus,4mg | 0.25 Negative Negative Negative
129 Zn' Paroducst.s Micronucleus) evaluated with an appropriate trend test (Cochran-Armitage test, p < 0.09), and « CS condensates were positive in genotoxicity at substantially lower concentrations compared to all oral ST and NPs. On a mass basis, any positive or equivocal MN responses of ~&~ | Citus,8mg | 025 Negative Negative el
| \ / - \3) The results are outside the distribution of the historical vehicle control data. ) Test or market NPs were limited to the high exposure concentrations (> the OECD* limit set for testing complex non-cytotoxic mixtures) —— | Wintergreen, 2mg | 0.25 Negative Negative Negative
® The extracts were diluted in AS for a final maximum concentration of 20% (v/v) for MTT and MN assay and 200 uL/plate for Ames assay. — —+— | Wintergreen,4mg | 0.25 Negative Negative Neqative #
> For Ames and MN: The response was considered “Negative”, if none of the criteria for positive responses are fulfilled. The response was considered “Equivocal”, if the response could not be —¥— | Wintergreen, 8 mg | 0.25 Negative Negative SQQ,Efg‘f;‘ﬁff;ﬁ‘t'me

characterized as either clearly negative or positive, further investigations such as repeating experiments (under different conditions) were conducted. @ Positive indicates <70% relative viability; ICs, not reported if viability is between 50% and 70%.

b owest concentration tested with less than 60% cytotoxicity (relative population doubling) that showed %MN response outside of historical range for vehicle control.

Strengths & Limitations In vitro toxicological responses of the Test NPs were non-mutagenic, non-cytotoxic, and e s A e e A o e i o oo s
Strengths: 1) We used standardized in vitro cytotoxicity and genotoxicity assays to characterize the novel NP products over the wide dose-response range under the testing conditions. 2) The in vitro : P . : : " #Indicates Positive or Equivalentin n vitro MN genotoxicly assay at concenirations < 5 mgiml mass (the OECD* fmit setfor tesfing complex non-cytotoxic mixtures)
toxicity outcomes provide the biological plausibility of reduced-risk potential of smoke-free oral tobacco products, demonstrating clear reduction in toxicity potential compared to combustible cigarettes and SU bSta ntla | |y |eSS ge nOtOXI C In COMm parlson to Clga rette SmOke, IN add |t|on 3 the TeSt N PS
comparable biological activity to ST products including snus and market NPs. . . . . . References
Limitations: 1) We used nicotine to represent the extraction efficiency of test materials: based on nicotine analysis, the extraction efficiency for other ingredients (e.g., flavors) are assumed to be werlre ove ra” S|m||ar In Vi tl’ O IesS pOnSGS Compared tO Oral ST and market N PS, SUppOFtlng 1+ DOshl B i - Fumar A Morgan R Zhang 15 woe ot Tondinice) foxialy Assessment of Oral Tobaceo-Derived Nicofine Products: Y. In Vitro Regulatory
proportional but not confirmed analytically. 2) For the MN genotoxicity assay, we used the OECD-recommended limit (5 mg/mL mass) for non-cytotoxic mixtures based on the product weight as mass. 3) ersc:IrE)g. (20?5)%%88 %fiﬁ”n?e gocuement on Using Cytoltol:(i:ityql%:trse?: ?E’stimaté Starting Doses for Acute Oral Systemic Toxicity Tests.

We selected test and market NPs based on comparable flavor descriptions; however, they may not represent all market NPs and the use of the results for categorical evaluation warrants caution. 4) Many the”' rO|e IN tObaCCO ha 'm red UCt|On _
GRAS food flavors are known to elicit positive response in in vitro genotoxicity assay but are non-genotoxic in vivo. Since NPs contain mixtures of flavors, it is unknown whether the in vitro positive
responses seen in MN assay with some NPs are driven by these ingredients with known in vitro genotoxic flags without in vivo genotoxic concerns.
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* The test materials were prepared at Enthalpy Analytical, and the in vitro assays were conducted at
ACkn OWI edg Charles River Laboratories.
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