In Vitro Mutagenicity Ev aluation of Commercial JUUL Product E-Liquids and Aerosol Condensates

Jenny Yaot, Kubilay Demirt, Utkarsh Doshiz, Candace Laxamanat, K. Monica Lee2, Guy Lalonde*
1JUUL Labs Inc.,San Francisco, CA USA. ?Altria ClientServices LLC. Richmond. VA USA
Table 1. Percentage (mean # sd) of primary aerosol constituents in JUUL ENDS zrosol

condensates following 8 weeks of storage (at S -70°C ) relative to Time 0.

Introduction AMES Test Results
In its “Guidarce for Industry: Premarket Tobacco Product Applcations for Electront Nicotie Delivery /stems” (FDA Mutagenicity of 3R4F Condensate and of JUUL ENDS Non-Intense & Intense Condensates
2019, the Food ard Diug Admintration recommends agplicants to provile informatin regarding studies assessing

toxicology:in Section M(H)(2XA), “a full the toxi pha cal profile ated with the Non Intense 100.840.3 98106 103804 102508 P so Absence $9
new tohacco pradwcts I this study, four JUUL ENDS prodwcts were evaluated in in vito Ames mutagentity wsing Propylene = T0TETos OSOTOE e ETT] Torios resence nce
productspecific e-liquils and aercsol condensates in accordarce with OECD TG471.Resuls fromthe ENDS cordensate Glycol ntense 2 E0 8 - - .
invitro studies werecompared to those from the 3R4F Kentuckyreference cigarette condensate. Non Intense 100.5+0.4 101.1£0.5 98.6+0.5 98.6+0.9 Positive (TA1537, TA98, TA100) Negative
Glycerol = o SE0-
Intense 1002405 101706 98.4+07 993207 VT3 Negative NErETE
Me thods Nonimewe 103201  982:01 103301  1081:02
Nicotine Intense 1033£0.1 98.1£0.1 103.4£0.1 106201 VIl NEgSHVE INEESEVE
* Test articles: JUUL ENDS: Virginia Tobacco 3%nicotine (VT3), Menthol 3% nicotine (ME3), Virginia Tobacco 5% Non Intense 100£0.0 100£0.0 “ Negative Negative
nicotine (VT5), Menthol 5%nicotine (ME5) and 3R4F reference cigarette (University of Kentucky). Menthol “ N N
« E-liquid co llection: The JUUL e-liquid samples were obtained by partially disassembling pods and collecting the Intense LY S Negative Negative
fluid by centrifugation. R Non Intense 824+04 97704 958+02 8803
enzoic aci ‘
+ JUUL ENDS Condensate Collection: Two types ofcondersates were prepared for each ofthe four JUUL prodicts (nEED 52203 LEDED U5 ] [ s - TS +we
tested: 1.a “non-intense” pufiing regimen based on ISO 20768 (55 mL puffvolume over 3 seconds with a 30 second o oe e o e
interval between puffs), and 2. an “intense” pufing regimen (defined by the longest puff duration possible (6 No major changes in the ions of primary ingredie in JUUL ENDS condensates o Am v

secands) given the design of the JUUL Device), 110 mL puff volume over 6 seconds with a 30 second intewa
between puffs. Condensate was generated by collecing aerosol on anon-condiioned Camiridge Fitier pad (CFP,

55mmglass fiber filters, Cerulean (USA) followed in series by an impinger containing 20 ml of USP ethanol chilled in .

an ice bath (~0°C). The ethanol from the impinger was used to extractthe pad to produce the condensate solution. Analytical Results: 3R4F

Devies were puffed using linear pufing machines to 100 puffs/device for the non intense regimen (ie., equivalent

300 pufisiport), and 50 puffs/device for the intense regimen (ie., equivalentto 150 puffsiport). The final condensate

concentration was ~60 mg/mL o faerosol collected mass (ACM). The e-liquids and condensates were anayzed for Table 2.Selected analyte concentrations in 3R4F smoke condensate after 8 weeks of storage at < -70°C

nicotine, menthol, propylene glycol (PG), glycerol (VG) and benzot acid immediately after collecton and,in the case
of condensates, atseveral ime points up to 8 weeks ofstorage ats -70°C.

were observed for the duration of biological testing (up to8 wks: (>82%)

Concentrations of Selected Analytes in 3R4F Condensate

- 3R4F Condensate Collection: 3R4F reference cigareties were condiioned prior to testing. Mainstream cigaretie N A fon
smoke was generted using a rotary smecking machine and as per 1SO 20778-2018 intense smokirg regimen. A Measured at Time 0and % Remaining @8 Weeks

fotal of six smoke collections were performed and pookd for analyss, with one collecion representing 20 cigareties EERRCRAR 1 " &"‘ ] ° '
(2 smoking runs of 10 cigaretes/rur). Smoke was passed through a conditoned 92mm Cambridge Filter Pad (CFP) % Remaining at 8 weeks s Logctcstation gl e LogConcantin g i)
connected in series to an impinger filed with 30 mL USPgrade ethanol chilled in an ice bath (~0°C).The CFPwas Compound  (units) Concentration P T § Figure 2 : Comparison of JUUL ENDS Non-intense and 3R4F condersate in he Ames st . Dose dependentincreses of
extracted with impinger contents to produce the candersate (concentration of ~ 25 mg TPM/mL in ethanol). The revertans were obseved for 3R4F condensate in strains TA98, TA100 and T A1535 in presence of metabolic activation (S9)
condersate was analyzed for the compaunds listed in Table 2 immediately afer collection ard at several fime Mean (sD) % Telatve & vohicle contol
points up 1o 8 weeks ofstorage at< -70°C.

+ Ames Assay. The icity of e-liquics and was evaliated in Salmonella typhimurium strains Nicotine (mg/ cig) 1.29(0.08) 100.8(0.02) Al JUUL ENDS e-liquids and condensates (both intense and non-intense) were found not mutagenic
TA98, TAL0, TAL02, TAL535,and TAL537 with and withoutan enzymatic metabolizing fraction (S9) using the pre- . . at the concentrations tested (all data not shown).
incubation precedure, as per the OECD TG471 and urder GLP guideline. E-liqudl and condensate samples were 1,3-Butadiene (ug/cig) 11.1(0.64) 82.4(0.64) ( )

tested to a concentration up o 100plfplate. All experiments were performed in triplicate. Ethanol and DM SO were

used as vehicle controls for condensales and e-liquids, res pecively. Acetonitrile (ug/cig) 24.3(0.7) 104.9(0.7) Summary and Conclusion

Benzene (ug/cig) 222l(282) BEEA) E-liquids &condensates collected fom JUUL ENDS and 3R4F condersateswere characerizedfor selected corstitients.
. The concentrations ofthese constiuents were found notto change subsantally overthe duration ofbiological tesing.
Figure 1.Concentrations of primary constituents in e-liquid compared to those in non- Isoprene (ug/cig) (D) ) The 3R4F smoke condensate reated with S9 metbolic actvaton mixture was found mutagenic in strains TA98, TALOO
intense and intense condensates Toluene (ug/cie) 183.7(8.26) 108.5(8.3) and TAL537 at concentrations as low as 0.01mg Nicdine/plate. In contrast, the e-liquid and the condensates fomall
s s JUUL ENDSwere negatve in all stain tested, up o the highestnicotine concentrations; 0.3 mg Nicotine plate.
Acetaldehyde (ug/cig) 942.8(19.3) 93.8(19.3) In summary, the four JUUL ENDSe-liquids and aerosd condersateswere notfound mutagenic underthe tested
« [p—— conditons.
el Acrolein (ug/cig) 48.5(27.2) 83.7(27.2)
" f Crotonaldehyde (ug/cig) 26.4(2.9) 114.1(3.0) References
i H . .
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g Formaldehyde  (ug/cig) 45.5(3.3) 93.8(19.3) Utkarsh Doshi,K. Monica Lee etal. Society of Toxicology 57th Annual Meeting, March 11 - 15,2018, San Antonio, TX,
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i H
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2 No major changes in the concentrations of tested compounds in 3R4F condensates were Mainstream Tobacco Smoke
= observed for the duration of biological testing (up to 8 wks: (>~84%)) Organizaton for Economic Co-operation and Development, 1997. TestNo.471: Bacterial Reverse Mutation Test OECD
Publishing.
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Concentrations of primary i in p as percentage of ACM are similar

to those in e-liquid.



