In-depth characterization of chemical differences between heat-not-burn tobacco products
and cigarettes using LC-HRAM-MS-based non-targeted differential screening (NTDS)

Daniel Arndt, Christian Wachsmuth, Christoph Buchholz, Mark Bentley

PMI R&D, Philip Morris Products S.A., Qual Jeanrenaud 5, CH-2000 Neuchatel, Switzerland

. . NTDSI!
OverV| ew An al yt| C a.l M et h O d ) In order to identify compounds that exhibit significant different, a two-tailed distributed heteroscedastic Student’s
t-test (2 groups, 5 replicates = 10 observations) was initially performed. Compounds yielded with p > 0.05 were
Novel aspect: LC-HRAM-MS-based NTDS applied for the aerosol characterization of + RP separation:  Column oven at 50 °C discarded from further analysis. o | - |
differences between a Tobacco Heating System (commercialized under the IQOS® Hypersil GOLD™ column 150 x 2.1 mmi.d., 1.9 pm * Injection volume of 1.5 pL To consider the relevance of each finding, compounds were ranked according to the relative difference in
brand name) and a reference cigarette (3R4F)1 by means of a generic compound / RP-HESI(+) & RP-APCI(+): — A6 B abundance (x-fold change) and the_ semiquantitatively estima_ted absolute abundan_ce based on peak area _ratios
identification approach and an empirically developed mathematical model. MP A: 10 mM NH,Ac in water, MP B: 1 mM NH,Ac in MeOH [min] : : between the analyte and the assigned internal standard with known concentration. The sorting of obviously
Results: Internal Standard: D8-Isophorone (CyH¢D3O) 0 ar 15 200 different compounds (variables) by their relevance was done by applying an empirically developed formula
Using a reporting threshold of = 100 ng/stick, approximately 2,500 compounds were RP-HESI(-): MP A: 1 mM NH,F in water, MP B: MeOH 2 00 0 9 200 (RANK)!l on the t-test filtered data sets.
elevated In cigarette smoke compared with 1QOS aerosol. In contrast, only 177 Internal Standard: D19-Decanoic acid (C,y,HD;40,) 12 80 0 100 400 The RANK formula mathematically combines two criteria:
compounds were identified in 1QOS aerosol, 13 of which were significantly more . 18.00 0 100 400 1. Abundance of the variable (Average Concentration for a pre-defined group [ug/item])
abundant in IQOS aerosol generated under HCI smoking regimel? compared to * HILIC separatl.on. 1610 e 1c 400 2. Relative difference of the variable (“Effect” in %)
cigarette smoke. No compounds unigue to IQOS aerosol were observed. HILIC-HESI(+):
Accucore™ HILIC column 150 x 2.1 mm i.d., 2.6 ym 20.00 &% 15 400 o . , o o
; : _ MP A: 10 mM NH,Ac in water MP B: 10 mM NH,Ac in ACN = A% B % = %Effect = L;Li + 100, Index = /0 11;1;606t " RANK = ndex xz( x+Ly)
Internal Standard: D4-Myosmine (CoH;D,N,) i L/mi
Intro d u Ctl O n an d ObJ eCt I VeS veTae me] = = [HS(;:I)IH] Equation 1. Lx is the measured average concentration for sample group x to be compared with sample group y, and Ly is the
« Mass Spectrometry: measured average concentration for sample group y to be compared with sample group x.
tati - - - - - . Q Exactive™ Hybrid Quadrupole Orbitrap MS (Thermo Scientif 700 > o 50
Quantitative (targeted) analysis for 54 harmful or potentially harmful constituents (HPHC) is routinely Xactive yoria Wuadrupole Urbitrap (Thermo Scientific) - . - -
performed to evaluate product emissions. In addition, non-targeted differential screening (NTDS) based on * HRAM full-scan MS at 70.000 (FWHM) over m/z 80 — 800 5 00 , o6 00 Identified compounds significant elevated in IQOS aerosol vs. 3R4F-derived smoke
liquid chromatography-high-resolution accurate mass spectrometry (LC-HRAM-MS) is employed as a key » Data-dependent MS? Top3 of each scan at 17.500 (FWHM) ' » o e
methodology for the characterization of differences in chemical composition between two samples. Using an * Stepped normalized collision energies (S-NCE) of 25, 50, and 75 eV, - = 4 Proposed Compound Name® cormuia CompoundWentcaton gentfcaton Fragnemiton  an® - GRS, T T
unbiased approach, the NTDS workflow is based on comprehensive chemical characterization without IsoIaUpn window 1 Da | = poml 6 [gltem] [ [ugltem] (%
predefined target compounds and identifies differences by considering the relative abundance of all detected ‘ Vaponze.r.temperature, capillary temrzerature,o spray voltage, sheath gas, T ¢ onosroen ol shmetiviene: She)  sesoon catrszo. - pwoonern 108 pa Rt
ConStituentS as We” as a Semiquantitaﬂve estimate Of absolute abundance. Hence, |t iS able tO Identlfy and aux'llary gaS were Set at 350 C’ 380 C’ i300 kV’ 60’ and 20 _ 2 12,14-Labdadiene-7,8-diol, (8a,12E) nad C20H3402 PMI0005787 54.4 75.0 -0.51 97.57 1.43 15.3 0.064 17.36 -7.4E-13 571
. . . 1 1 1 3 Isolinderanolide 139559-06-1 C21H3603 HMDB38105 45.4 31.5 -0.87 96.31 4.99 16.2 1.85 5.45 2.70 0.00 331
differences beyond those limited to a set of 54 HPHCs. arbitrary units, respectively, for HESI modes |
° Vap()rlzer temperature’ Caplllary temperature, dISCharge Current, Sheath 4 Ethyl 2,4-dioxohexanoate 13246-52-1 C8H1204 PMI10010568 45.3 27.9 -0.21 98.66 6.73 22.8 3.57 4.53 1.89 1.3E-06 150
Goal - - - - - - gaS, and aUXI|IaI'y gaS Were Set at 450°C’ 380°C, 50 IJA, 50, and 5 5 Benzoic acid, 2,5-dihydroxy-methyl 96937-49-4 C9H1004 PMI10004649 41.8 10.9 -0.36 98.48 4.55 19.6 2.18 4.61 2.09 5.4E-08 148
 To cover the b_roadest possible range of cheml_cal classes amenable to liquid chromatographic separation arbitrary units, respectively, for APCI mode 6 Ergosterol 57.67-4  C28H44O  PMIO00G710 50.6 59.6 027 9355 318 208 158 480 202 18E07 912
for the Companson Of |QOS aeroso| and 3RA4F C|garette Smoke 7 Ethyl linoleate 544-35-4  C20H3602 PMI0007484  Confirmed 61.4 83.7 -1.49 97.32 0.135 16.2 0.008 41.06 6.9  1.1E-12  50.2
° TO aChieve Semiautomated Conﬁrmation Of StrUCturaI proposa|s 8 Labdane-8,15-diol, (13S) 10267-21-7 C20H3802 PMI0008387 49.1 52.1 -1.39 95.25 0.143 20.8 0.015 23.78 9.75  8.8E-11 426
° TO |dent| ma'or diﬁerences between 3R4F Ci arette Smoke and | OS aerOSOI 9 2H-Pyran-2-one, tetrahydro-5-hydroxy 33691-73-5 C5H803 PMI0003015  Confirmed 54.6 75.6 2.79 98.95 4.45 17.3 3.11 7.58 1.43 6.6E-06 21.4
fy J g Q ReS u I tS 10 Pyranone 28564-83-2 C6H804 PMIO000228  Confirmed 55.8 63.2 -0.48 98.32 6.54 14.4 5.07 6.44 1.29 2.3E-05 12.0
11 5-Methylfurfural 620-02-0 C6H602 PMIO000001  Confirmed 55.0 63.6 2.71 99.54 0.995 16.2 0.632 16.49 1.58 1.5E-07 9.07
WO r kfl OW Chromatographic Separation and Compound identification 12 Isoquinoline, 3-methyl 1125-80-0  C10HON PMI0003968 435 28.2 -0.26 89.41 6.29 13.6 4.99 8.30 -3.4E-05 8.73
Non-targeted screening revealed the presence of 177 compounds (using a semiquantitative threshold of 100 13 Pyridoxin 65236 CBHIINO3 PMI0002009 447 57 08t se2z  0ew 149 ose o [ IIECs  L73

ng/stick) in 1QOS aerosol across all analytical methods, whereas approximately 2,500 compounds were

Table 1. 2Compounds are sorted in descending order of RANK' values; PConfidence levels: dark green, confirmed - retention time,

Collection site  (N=5) , == PuUmp separation and ionization modes, a high coverage of chemical space was achieved due to the employed or score > 45 and fragmentation score > 45; orange, medium - score < 45 or score between 45-50 and frag. score < 45; ¢Am,
TPM* collection  for GVP** %ﬂg’g%gﬁﬁgﬁ'? Aemmoke | , complementary compound ID strategies (querying of multiple databases, comparison of both in silico- difference between experimental and theoretical mass; RSD, relative standard deviation (N = 15 total observations from three
X == T [o—0 impinger content generation | Solvent (n=s) predicted and reference MS? spectra). The majority of identified compounds were present in UCSDEI (in-house Saml!0|e “?fli“cates thatlwefe 'nJeCtﬁ_d glvefﬁld); elx-fold Change,l Comporl:nd _(?fvolutlorj ;)f 1QOS > 3_F|24F|; '‘RANK value, outcome of the
Aerzsnoe'r’afir:r?ke s Pump | extflaleTti[C;” database). The remaining part of the compounds could be identified by means of in silico prediction of MS?2 g%i::bi'r grezrz)clef‘;z :i’tog]; t";‘lse I\;I% d?fzet deR\i/:kuTeoSZchrSrgzSc\;/?;\:ogliiaﬂ:oﬁrence’ na, not available. Data as reported to FDA on
I + . . 1 ) "
J fiber filter \“\ spectra based on HMDB 4.0 and Chemspider using data sources of ChemIDplus and FDA databases as
Extraction solvent “TPM: Total A ¥ 2 i i
1= . 3! well as MS< spectral match using NIST MS/MS library. _ _ L
Cooled impingers containing *fgr\t,';‘f'gtaes')fggr S » P J Y In total, only 13 compounds were evaluated as being elevated in IQOS aerosol compared with cigarette smoke.
Internal standards Phase = T ! No compounds unique to 1IQOS aerosol were present. In contrast, approximately 2,500 compounds were
Figure 1. ®Whole smoke aerosol generation using pad + impinger and "Cold Trap Coldtrap |} Liquid N, : B AN elevated in cigarette smoke compared with IQOS aerosol. An investigation of the possible source of the
i i i - o (- 0 i . . . .. . . - . - . . .
aerosol generation by means of a cold trap system maintained at -136 °C (-320 °F) S . ; | - Tl . T TR TR constituents indicated that the majority of constituents identified as significantly higher in IQOS aerosol derived
A A i | C : from differences in tobacco variety and plant secondary metabolites.
Data Compound Seml Differential ‘% Score 53.5 | S gflamrdﬁiw: inna;cmazrag";:m I T T R " j AR ‘ R | | N
Processing ldentification Quantification Screening % T b %
; N EEEE IR AR R AR AR AR Nicotine I3 | Matched iagment  Unmaiched fFagment -
l l | 5 / Conclusions
; l rf@rﬁidb i% Score 46.4 d 7 7‘ IHr A i " 1[ T . . . . . g . . -r .
ProGEnesis Q) e e M | o W e e E W T T 7, T « The application of a generic compounq identification approach enabled the |Qent|f|9at|on of ungxpected
,. e = t f S SSEEEER So==E SESSEESIRARSE  OSEEs e I N el compounds, demonstrating the versatility of our NTDS workflow for the analysis of different matrices.
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- == — SESNOCEEEE BE=EE = EmmESnonSn  CoSEEs osmefomeeine Teetostoster * In total, only 13 constituents were identified significantly higher in IQOS aerosol compared with 3R4F
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| I _ =R aRESnEEEEN BoSER \ —SEmSSSEaEIn | SeEe= / / derived, whereas approximately 2,500 compounds were elevated in 3R4F smoke.
] | o L2 [ESmrASCSIOEEEEE BESEE ‘ EmEamESInaEaE - EoEES « In-depth characterization of chemical differences between a heat-not-burn tobacco product and
. NIST i chemsniter [fvrag T E e e I b ﬂ | .y ﬂ cigarettes using LC-HRAM-MS-based NTDS could be demonstrated.
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