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Abstract _ Resuts
In the Electronic Nicotine Delivery Systems (ENDS) Premarket Tobacco Application (PMTA; 2016) CytOtOXICIty (N RU) Not cytotoxic (viability >80%)
Draft Guidance, the FDArecommends a full assessment of the toxicological profile associated W|th
new tobacco products, using in vitro toxicology (e.g., genotoxicity and cytotoxicity) studies. As part )
of a toxicological hazard assessment, we tested flavor varieties of e-liquids used in MarkTen® e- /\ /" e
vapor products (a total of 14 formulations) and two carrier formulations (propylene glycol, glycerin, -~ — D

with 0% or 5% nicotine) to a standard battery of in vitro cytotoxicity (Neutral Red Uptake [NRU]) and 1o
genotoxicity (Ames and micronucleus [MN]) assays according to OECD guidelines and using the
maximum doses suggested for mixtures. The e-liquid formulations were characterized for key
ingredients (propylene glycol, glycerin, and nicotine). All the formulations were non-cytotoxic per
NRU assay (viability >80%). None of the e-liquids were mutagenic in Ames assay, however some
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reduction in background lawn was observed with carrier formulation at the high (5%) nicotine o= Carfbibean Oaek
content. In the MN assay, 3/14 MarkTen® flavor formulations induced a weak but statistically 0 ~#~Harvest Blend
significant increase in micronuclei formation, resulting in positive or equivocal findings according to e
OECD 487: All three flavor formulations were further evaluated in an in vivo combined genotoxicity 20 Carrier 0% NBW
(MN and Comet; OECD 474/489) assay and found to be negative for genotoxic endpoints. o Carrier 5% NBW
Therefore, consistent with International Conference on Harmonization (ICH) S2(R1) genotoxicity o

0.132 0.159 0.193 0.233 0.282 0.342 0.413 0.5

testing guideline (2012), the tested e-liquids were regarded as negative for genotoxicity under the
conditions of the assays.

Experimental Method

Test Articles Carrier (PG/VG/O% - No cytotoxicity observed

Carrier (PG/VG/S% VA0 Cytotoxicity in strains TA1537, TA100 and TA1535 —S9 at 100 pL/plate
Classic No cytotoxicity observed

m Cytotoxicity in strains TA1537, TA100 and TA1535 —S9 at >90 uL/plate

Cytotoxicity in strains TA1537 and TA100 + S9 at >12.5 ul/plate;
Cytotoxicity in strains TA98, TA102 and TA1535 + S9 at >25 plL/plate

Cytotoxicity in strains TA1537, TA98 and TA1535 —S9 and TA 100 %S9 at
>6.25 pl/plate; Cytotoxicity in strains TA1537, TA98 and TA1535 +S9
and TA 102 +-S9 at >12.5 ulL/plate

Bold Classic Cytotoxicity in strain TA1537 —S9 at 100 pL/plate

Bold Menthol Cytotoxicity in strains TA1537, TA98, TA100, TA1535 and, TA102 +S9 at
>20 ulL/plate

Smooth Cream No cytotoxicity observed
Caribbean Oasis No cytotoxicity observed
M No cytotoxicity observed

Smooth Menthol Cytotoxicity in all strains —S9 at >12.5 uL/plate; Cytotoxicity in strains
TA1537, TA98 and TA100 +S9 at >12.5 ul/plate; Cytotoxicity in strains
TA1535 and TA102 +S9 >25 ul/plate

Harvest Blend Cytotoxicity in strains TA1537, TA98, TA100, TA1535 and TA102 -S9 at
>50 pL/plate and TA1535 +S9 at 100 pL/plate

Vineyard Blend No cytotoxicity observed
Bourbon Blend Cytotoxicity in strain TA1535 —S9 at 100 pL/plate

Smooth Classic No cytotoxicity observed

Concentrations (%)

Mutagenicity (Ames): Negative in all strains (+S9)

Current Brand Name Cytotoxicity Results

Total of 14 e-liquids used in MarkTen® products containing various levels [up to 4% nicotine; flavors;
propylene glycol (PG); glycerol (VG)] and carrier (PG/VG with 0% and 5% nicotine).

Neutral Red Uptake (NRU) Assay

Balb/c 3T3 cells were incubated either in the presence of vehicle control (DMSO) or increasing
concentrations of positive control (sodium lauryl sulfate) or e-liquid for ~48 h according to OECD
129°. The maximum concentration of e-liquid was up to 0.5% (v/v).

Salmonella Mutagenicity (Ames) Assay

Five Salmonella typhimurium strains (TA1537, TA98, TA100, TA1535 and TA102) were used
according to OECD 471°. Cytotoxicity was assessed to determine the doses with the maximum
concentration tested up to 100 uL/plate. Testing was performed in triplicate in presence and
absence of metabolic activation (S9). DMSO was used as vehicle control.

In Vitro Micronucleus (MN) Assay

E-liquids were evaluated for micronucleus induction according to OECD 487" in TK6 cells during
short (4 h) incubations with and without S9, and long (27 h) incubations without S9, followed by an
extended recovery of 40 h. Cytotoxicity was assessed to determine the doses, with the maximum
concentrations tested upto 1% (v/v).

In Vivo Micronucleus (MN) & Comet Assay (Follow up)

For 3/14 formulations, in vivo genotoxicity study was performed per OECD 474 (2016)°’ and OECD
489 (2016).° Male and female rats were used (data shown for male rats only).

Genotoxicity (in vitro MN): 3/14 e-liquids, positive/equivocal

e Micronucleus (left panel) and Cytotoxicity (right panel) Summary for 4 h without metabolic activation
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TK6 cells: The remaining 3 formulations (MarkTen® Bold Classic, Summer Fusion and Menthol)
were positive according to the OECD 487. These 3 formulations were further evaluated in the in

vivo genotoxicity (MN and Comet) OECD assays. There was no increase in two in vivo GethQxicity — FO"OW ups (|n ViVO MN/Comet) Negative
genotoxicity endpoints (bone marrow MN ;and DNA breakage in the site of entry (nasal tissue), MN (%MN-PCE) % Tail DNA - Liver (Male)  %Tail DNA - Lung (Male)  %Tail DNA - Nasal (Male)
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lung and liver (Comet assay)) in these 3 formulations and their base formulations, compared to
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