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RESULTS

ABSTRACT

Many flavor compounds used in e-liquids are generally recognized as safe (GRAS) for oral consumption, however, the respiratory effects of most flavors : - P : :
o . . . s . A .’ ey Pre-blends (Refrigerated) Stability Characterization (up to 4 weeks Pre-blends & Test Formulations-In Vitro Assays
are unknown. Preclinical inhalation studies can provide toxicity hazard data to assess the inhalation risk of flavors in e-vapor aerosols. Considering ( g ) y (up ) | y
the numberlof available flavors and the numerous potgntlal flavor combinations, toxicity tgstlng of each individual compoupd or formulatllon may not be Pre-blend 1a Pre-blend 1b . Pre-blend 1c h
always feasible. Therefore, we used a structural grouping approach to select representative compounds and formulate e-liquid flavor mixtures that may o 130% - - s PU
reflect over 200 flavors commonly used in e-liquid formulations. Flavors were first grouped into 38 structurally distinct groups and representatives from g o —>=p-cymene % 120 b £ 120% —+=a-pinene | A EERIEIEY SENOlUOCIRY | ey RaiaRcky
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each group were selected based on toxicological endpoints. The selected flavors were prepared into a total of 6 concentrates (pre-blends) based on their £ /7 w lt Ia = —a—a-damascone (irans) S 110% —a—isoamyl alconal (Ames Assay) (Micronucleus)  (NRU Assay)
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physicochemical properties. Pre-blends were then mixed into the final e-liquid test formulations (total flavor loads up to 18% w/w) and tested for stability. S 110% - g 110% —+—linalool o ~a—benzy alcohol .
. . : : o . . . . : Q 'sobutyraldehyde S 100% <= p-dimethoxybenzene © 100% Carrier Carrier
The pre-blends and test formulation (e-liquid) were screened for biological activity using /n vitro testing: genotoxicity (Ames and micronucleus [MN]) and O 100% DL ctronello - o . s —<2-metho xy-4-methylpheno
cytotoxicity (Neutral Red Uptake [NRU]). The test formulations were negative in genotoxicity (Ames and MN) assays but were cytotoxic in all three % 0% - —e—cthy| lactate T 90% - I E 0% e dnonalactone High Flavor
assays. Cytotoxicity assessment of pre-blends indicated that certain flavors may contribute more to cytotoxicity of test formulations than other flavors. 5 80 s sheen S 8o% - —Heugenyl acetate E 80% —e—cthylvanilin . Only (No Cytotoxic
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Additionally, to confirm flavor transfer, aerosols from test formulations were generated using a capillary aerosol generator and all monitored flavors = “ S 200 | | | | S 70% - - . - Formulations Nicotine)
were found in the aerosol. PG, glycerin, and nicotine content, as well as pH of the aerosol, were comparable with those of the e-liquid, and particle size 5 1% ] 5 5 4 o 0 P {weeksf 4 o 0 "Time Pnist {week; 4 High Flavor + Cvtotoxi
was within respirable range (MMAD~1 um, GSD< 2). Altogether, this structural grouping approach can be used for selection and characterization of Time Point (weeks) Micoiine FRRIRRECE
representative flavor mixtures that could support product development with respect to selection of flavor ingredients.
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Structural Grouping & Flavor Representative Selections for Preclinical Testing: Representative flavors were selected based on the £ B c 110% E ’ o mentha ol done. ze ' — s w0 2
approach in EC regulation no. 1565/2000. Briefly, a toxicological review of 246 flavors was conducted based on available data (e.g., acute and O 909 - R ; 100% —e—G-methyl-2,4-nonanedione — 100% . zg ™ ’ ‘23 - .
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repeated dose toxicity, in vitro and in vivo genotoxicity, developmental/reproductive toxicity, irritation/sensitization, and carcinogenicity). In case of % I - ey clrate £ oo | o2 acetylpymoe e N R 0 3
data gaps, in silico predictions such as Cramer classification and TOPKAT (predictive software) were used. Both experimental and predicted s 65% - eogemamae B S i methyl anthraniat g = TestFomuiton 0 . »
data were used to select 38 flavors (flavor group representative), which were mixed to create the test formulation. £ —angocoice 8 50% g 0% Y = | o0 o tration (6urol -
. E 40% - . . T i E 0 E 70% ; ; : , Concentration of E-liquid (% (v/v))
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toxicological data, Time Point (weeks) _ Time Point (week)
predictions, ranking Time Point (weeks)
_ Test Formulation (Refrigerated) Stability Characterization (up to 11 days) rou Mutagenicity Genotoxicity  Cytotoxicity
Selected Preparation, (Ames Assay) (Micronucleus) (NRU Assay)
Assigned each izati : . T
narodiont to 1 “Worst-Case” Charasct;e;:fi?;m“ . Test Formulation with Nicotine
Representative | | | ST N | :
of 3f03tr:1n‘3t:ra' frorﬁ each of the 38 Flavor ﬂ TO Ti—1 |[T2—7days| T3—11 T1-1 |T2-7days Pre-blend-1a [ Negative Cytotoxic
—] gy 38 groups Group In vitro cytotoxicity day (x1day) | days(x1 day Pre-blend 1b Negative _ Cytotoxie
(EC1565/2000) L = e day) Negative y
(>200 ingredients) Further refined (Toot Mixtures) and genofoxicity pre-blend 1c | Negative Negative Cytotoxic
i est Mixtures ) - \legative Nl eoative
> 38 Selected highest ( ) & o-cymene 100% vy, 96% 97% Pre-blend 2 Compounds Pre-Blends , -
structural product use _ 1-penten-3-one 100% 93% 56% 245% (E,Z)-2,6-nonadienal 100% 94% 89% 79% Pre-blend 2 Cytotoxic
level from each Aerosol generation : 5 5 5 5
groups e Isopulegol 100% 959, 939% 949 Ketoisophorone 100% 100% 104% 104% Bre blaond 3 N
of the 38 groups & characterization -
Isobutyraldehyde 100% 88% 84% 91% Piperitone 100% 100% 106% 106% pre-blend 4
: : . . . . . . Citronellol, D-L- 100% 96% 90% 91% Ethyl maltol 100% 100% 111% 106% reTeien
Test Formulation Preparation & Stability Characterization: The 38 flavors were sub-divided (based on solubility and chemical reactivity) to Ethyl lactate 100% 96% 90% 94% . Y | L00% o6 939% 269 . | . o . - |
. . . . . . . uraneo (] (1] 0 0 -
make a total of 6 pre-blends. These pre-blends were mixed to make the test formulations (38 flavor mixtures [up to 18%)], with & without nicotine Cis-3-hexenol 100% 97% 96% 93% Vethyl cinnamate 00% 019 Ty Ty Test formulations (with or without nicotine) are cytotoxic per NRU assay. Few individual flavors in pre-blends
2%, and carriers [PG/VG/water]). Stability of pre-blends (for up to 1 month) and test formulations (for up to 10 days) were tested using GC/MS Acetal 100% 111% 106% 107% . e may contribute to cytotoxicity potential (1a: isopulegol; 2: furaneol, ethyl maltol).
, . 2-methyl-4-phenyl-2-butanol 100% 97% 08% 97% Dihydroactinidiolide 100% 101% 106% 106%
under room temperature and refrigerated conditions.
Pre-blend 1B Compounds Pre-blend 3 Compounds
. Ambrox (Cetalox©) 100% 98% 95% 94% 3-methyl-2,4-nonanedione 100% 102% 105% 104% Aerosol Generation and Characterization
Rip- a-damascone (trans) 100% 96% 90% 89% Triethyl citrate 100% 103% 109% 110%
> Linalool LR 0P e 2L Pre-blend 4 Compounds (A) Aerosol size distribution measured using a cascade impactor.
= — p-dimethoxybenzene 100% 96% 96% 94% 5 = _dimethvl : 100% 101% 106% 105%
2 o Ethyl 2-methylbutyrate 100% 107% 106% 114% 2 SIMETYIPYTaeme ° ° ° ° Test Formulation w/ Test Formulation w/o
8 (ED Acetanisole 100% 949 929, 899, 3-ethy|pyr|d|ne 100% 101% 106% 105% NiCOtine Nicotine
Y % Eugenyl acetate 100% 98% 97% 95% 2-acetylthiazole 100% 101% 108% 105% (n = 4) (n = 4)
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3 o “mentha-8-thiol-3-one 100% | 88% 73% 70%
,. 22 D P
B -g) Aldehydes, alcohols, c'_)’_ a-pinene 100% 103% 109% 105% 2-acety|pyrr0|e 100% 102% 106% 106% MMAD (IJm) 0'97 B 007 1'23 E 0'06
—_ acetals, ketones, Z o% % % %
L - I hydrocarbons é’l Isoamyl alcohol 100% 101% 104% 104% I\/Iethyl anthranilate 100% 98% 96% 92% GSD 177 + 018 182 + 01 3
- beta dicarbonyls, ketones Benzyl alcohol 100% 101% 104% 105% —
6 1 unsaﬁﬁ‘;ﬂfgﬂgﬁﬁiand esters. ’ 9 >b0i"n7g Solnts 6 2-methoxy-4-methylphenol 100% 101% 107% 106% Additional Compounds _ o o _
Ssogompounds | Al aldehydes < concanirsted 2 oncentted dnonalactone 100% 99% 99% 99% 2-methylbutyric acid 100% 99% 107% 100% (B) Analytical characterization of liquid and aerosol generated from test formulations
” ° 9 /UO\ ~ o Ethyl vanillin 100% 101% 106% 107% Nicotine 100% 97% 115% 102% ) — ) —
Q}/Z( ~ /\Qi _ Test Formulation w/ Nicotine (N = 3) Test Formulation w/o Nicotine (N = 3)
/ Y < c
L Analyte Liquid Aerosol Liquid Aerosol
Based on Solubility, _ Aerosol Mass (mg) NA 98.1+2.0 NA 108.2+1.8
38 Chemical Reactivity Mixed
Representative |— Pre-blends — Test
! (1a, 1b, 1c, 2, 3, 4) Formulations Ethanol (mg/g) 20.44+0.13 BLOQ 20.19+0.23 BLOQ
Ingredients
Structural grouping approach allows a representative e-formulation mixture that covers Strengths: Glycerin (mg/g) 144.3+0.3  146.2+2.12 146.1+£0.5 147.1£3.1°
1 ' [ 1 " [ [ " g
>200 flgvors for precllmlc.al charactenzghon and toxicity testing. This .framework for Structural grouping approach allows generation of “toolbox of flavors” with the Nicotine (mg/g) 50214017  20.61+0 258 ND ND
StabtilitZ test:(ng Stab:lit}llotzsting pl’e-C|InICé.1| CharaCtenzauor.] of flavor mixtures can be used for selection and indication of inhalation Safety |eve|s’ that can be used in the deve'opment and
up to 4 weeks up to 10 days characterization of flavors in e-vapor products. biological assessment of e-vapor flavor mixtures. By supporting individual flavor PG (mg/g) 580.6+2.14 611.2+14.22 625.3+0.99 656.3+26.5°
In Vitro Cytotoxicity and Genotoxicity: Pre-blends and test formulations Pre-blends were stable for up to 4 weeks and the final test formulations were stable for 3 usage levels, this potentially reduces the n(?ed for |nd|vuljual flavor animal testing. Water (mg/g) 63.1140.89 79.90+2 372 5581+071 73.81+0712
were subiected to the standard CORES'I:A battery of in vitro cvtotoxicit FMI “Q” Pump days (with nicotine) and 10 days (without nicotine) under refrigerated conditions. The Use of pre-blends as part of test formulation preparation reduces and
(Neutral Ij?ed Uptake [NRU]) and genotoxicity ( Ar?l\ es and m cr}(I)nu e sy[MN]) use of pre-blends substantially simplify the repeated preparation and characterization simplifies the preparation and characterization time, especially in support of " The values were normalized by the collected aerosol mass.
P g y necessary for long-term testing. long-term high-volume (/in vivo) inhalation studies. > The transfer was calculated as Transfer (%) =——————— i btiqua % ¥ 100%:
assays. / Chamber : : : T C C o ¢ Water exceeded 100% by a wide margin due to the hygroscopicity of PG and Glycerin.
Test mixtures (with and without nicotine) were cytotoxic in NRU assay, negative in Ames Limitations: NA = not applied: ND = not detected: BLOQ = below the limit of quantification.
| rr?ut'?genlmty assa%{. '”_ tﬂe f[” ‘1";{ 0 M'\ll %e”OtO.;(k']C't); a§saty, the te% fgrmulgtlon |W|th . This approach is based on assumption, based on available information, that (C) oH of test formulations & generated aerosols
Aerosol Characterization: Test formulation aerosol characterization-Test _~ sampling Ports ey cAG NICOTING Was NEGAtIve, the 1est IOTMUIALon WIThOUL NICOTING Providea equivocal TeSUTS. the flavor group representative (FGR) is the most toxic in the group and all P )
formulations were aerosolized by a capillary aerosol generator (CAG) at T ' — Liquid Similar to the cytotoxicity of the test mixture, most pre-blends except pre-blend 3 were flavors in the same group can be used at the cleared FGR concentration. Test Formulation w/o Nic | Test Formulation w/ Nic
' . . /__f _____ R i ' ' . . ' TL . . t,‘ “‘j
~250C. Aerosols were collected with a Cambridge filter pad followed by a e Y e cytotoxic in the NRU assay. Based on lack of inhalation data, some prediction was based on in silico data, Liquid pH (n = 3) 4.6 7.7
liquid impinger containing ethanol for flavor analysis. The aerosol mass was e PG, glycerin, and nicotine content, as well as the pH of the aerosol, were comparable which needs to be verified experimentally. Aerosol pH (n = 3) 4.7 7.6
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determined gravimetrically. Flavors were analyzed with a GC/MS method, ;  Capltiary g - sl with those of the test formulations. Test formulation without nicotine has pH of ~4: when We did not include complex flavors (naturals, extracts) that are commonly () pH adjustment in the formulation?
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as well as the major carrier ingredient (PG and VG), nicotine, and selected :‘ .,_/ R an attempt was made to adjust the formulation pH (using NaOH), the pH adjustment did used in some e-vapor products, =
e o - 7 P not transfer to aerosol pH. . - - o Test Formulation w/o Nic
carbonyls. Aerosol pH and the particle size were also measured. Heating Block  /,/ P _ , , , Combinatorial responses among flavors such as synergism, potentiation, or (PH 2 d;:' w'l NagH) '
s Flavor transfer from thg formulathn to aerosols was confirmed. The particle size for both antagonism may affect overall toxicological outcomes. T — o
e test formulations were in the respirable range (MMAD<1.6 um, GSD<2) for rodents. A'q”' :’ Ij"( = 3)) T
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