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1. INTRODUCTION

Heated Tobacco Products (HTP) are an expanding category of Next Generation Products which heat a stick of reconstituted tobacco to a defined temperature (345 °C)!. Rapid and mechanistically insightful in vitro methods are
required for the biological assessment of these products. Here we explored the ToxTracker and ToxProfiler assays for the comparative assessment of a HTP (Pulze and iD sticks) to that of a cigarette (1R6F)?%3.

2. METHODS 3. RESULTS

Test articles i Dosimetry nicotine and carbonyl levels in bubbled PBS extracts
 1R6F Reference Cigarette (University of Kentucky) .« For each test article, PBS from all three impingers was combined to generate 30mls stock for analysis.
 Heated Tobacco Product (HTP), “Pulze” with “iD stick” (iD Regular) i  Nicotine and eight carbonyls (formaldehyde, acetaldehyde, acetone, acrolein, propionaldehyde, crotonaldehyde, 2-butanone and n-butyraldehyde) were
(see Figure 1) . quantified in the bPBS matrix.
. = The 1R6F sample delivered the highest levels of nicotine to the PBS (217pg/ml vs 166ug/ml HTP).
D ¢ : « The 1R6F bPBS samples contained the highest level of carbonyls (levels ranging from 1.64 — 173.09ug/ml). In contrast, the total quantified carbonyls were
\ l . greatly reduced for the HTP bPBS (94%).
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Smoke / Aerosol extract generation method

Smoke and aerosol from test products was generated with a Vitrocell
VC10s (Vitrocell, Munich, Germany) smoking machine. Smoke or
aerosol extracts were prepared by bubbling the sample aerosol into 3
In-line impingers each containing 10 mL Phosphate Buffered Saline : :
(PBS) solution (see Figure 2). A total stock solution of 30 mLs per : 0001 05 0. 1' 10 o007 o5 ' T 0 1R6F cigarette bPBS induced an oxidative

In this project at timepoint 24h as measured with
the PI stain in the parental HepG2 (wild type) line.
Green shaded area: the 7 selected
concentrations for the reporter assay

095 Red shaded area: concentrations excluded due to
- cytotoxicity. The red line indicates the used
threshold of cytotoxicity; 15% PI positive cells.

0.751

0.751

0.501

0.501

Fraction Pl positive cells (cytotoxicity)
Fraction PI positive cells (cytotoxicity)

0.00

o (o ! . 0.1
test article was used: 1.8 puffs per mL for 1R6F cigarette and 4 puffs soneentaton soncenation & stress response in a concentration
per mL for the HTP. e omarker analysis s omarker analysis dependent manner at concentrations =
P I B 0.32% without S9 and = 0.23% with S9. Cell
Cigarette o e | I R cycle stress was induced in a concentration
e me@fg i) A ar = . dependent manner at concentrations = 1%
& i i T | fos without S9 and 2 0.8% with S9.

1B N %;j % I . ! T HTP bPBS induced an oxidative stress
ki 1 + T L] === %ﬁ% response in a concentration dependent
Figure 2: Bubbling smoke/vapor exposure system s ' \w | s manner at concentrations = 1% without S9

: - | and = 0.7% with S9.

Trapped nicotine and carbonyls were quantified within the aerosol :

and smoke bubbled PBS (bPBS) samples. Nicotine was quantified | & % s = —w % — | = o
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Framingham, MA, USA) using nicotine-d4 as the internal standard. | ToxTracker results

For the analysis of carbonyls, bPBS samples were diluted with
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autophagy, ion stress, protein stress,
inflammation) utilising 7  stable
genetically engineered human liver
HepG2 cell lines? (see Figure 3). Each
one of these cell lines contain a
fluorescent reporter for a specific
cellular stress signal transduction
pathway. These cell lines were 5
exposed to the test articles for Figure 3: Overview of the stress :
24h+S9. Cells were imaged using an Pathways and biomarkers covered :

GFP Induction
GFP Induction

1 P y bPBS was classified as non-genotoxic

Tos | i s [ T+t |in the ToxTracker assay, because no

306 | O 3 activation of any of the reporters was

0s | : 1 . observed +S9. The Iimpact of
1.0

ireshold pos tost g 7T Cutof oftorcty | W R cytotoxicity on the Ilevels of GFP

R . | ., . reporter activation per test article £S9
Conc. (%) 0 2 4 & 8 10 i 0 20 40 60 80 100 0 20 40 60 80 100 treatment, 1s shown in Table 1.

Conc. (%) Conc. (%)

GFP reporter activation at different levels of cytotoxicity (Table 1)

Operetta CLS imager at 24h after P e ToxPiotiereporiersystem - | Test arlcle 10 258805) 75 |10 25Rtk5rg) 75 |10 258t9520 75 |10 2580(23 75 |10 258|Vr:g 75 |10 25Ddi;g 75
treatment. The ToxProfiler assay is considered to have a positive IR6F -S9 |11 13|14 14 (122222 |22]11 39(33|2.1]6.1 [81 90 |2.6]48(39 |50 |1.2]13[15
response when a Point of Departure (PoD) is calculated.

g +S9 |11 |14 |15][15 |13 25 |31 )14 3.0 2.8 (21069 |96 |11.4]3.9 46|44 |47 [1.0]1.2]13 |1.4
OX lracker . [HTP -S9 [1.0 (1.0 [1.0[1.0 [1.0[1.0 1.0 |1.0|1.0 |11 [1.1[1.1]1.0|1.0 [1.0 [1.0 |1.0[1.0[1.0 [1.0 |1.3 1.3 |13 |1.3
The ToxTracker genotoxicity assay +S9  [1.0 [1.0 [1.0(1.0 |1.1 1.1 (1.1 |1.1[1.1{1.1/1.1]1.1]0.4|1.0 [1.0 [1.0 |1.0]1.0]1.0 [1.0 |1.0]1.0]1.0 |1.0

utiises 6 green fluorescent protein
(GFP) reporter cell lines measuring
DNA damage, oxidative stress, p53
activation and protein damage?.
These cell lines were exposed to the
test articles for 24h=S9. Following

Fold change induction in the six ToxTracker GFP associated endpoints at 10, 25, 50 or 75% cytotoxicity (in the presence or absence of S9; 24h exposure).
. Response induction above 1.5-fold, but not above the threshold of 2.0 is highlighted in paler colour text and fold changes in induction above the threshold are
. highlighted in darker colour text. Blank cells indicate where the level of cytotoxicity was not reached for that test article.

i Summary of results

this exposure period, the differential - ToxProfiler | | . |
induction of the green fluorescent = .+ The Point of Departure was determined for both samples, with the lowest PoD indicating the primary response
protein reporters, as well as . » 1RG6F cigarette bPBS induced an oxidative stress response (SRXN1-GFP), at concentrations 2 0.32% -S9 and 2 0.23% +S9

cytotoxicity was determined using flow Figure 4: Overview of the stress | * HTP bPBS also induced an oxidative stress response (SRXN1-GFP), but at higher concentration of 1% -S9 and 0.7% +S9 (3-fold higher concentrations)

cytometry. Reporters with a greater pathways — and  biomarkers
than 2-fold induction of GFp 2ssessed by the ToxTracker | ToxTracker

reporter assay  1RG6F cigarette bPBS induced GFP activation with a No Observed Genotoxicity Effect Level (NOGEL) concentration of 2.5%
.+ HTP bPBS caused no GFP activation up to a maximum test concentration of 10% (a 4-fold higher concentration vs 1R6F cigarette bPBS)

fluorescence compared to controls
were deemed to be a positive signal.

4. CONCLUSIONS

ToxProfiler detected the oxidative stress potential of 1R6F cigarette bPBS at low concentrations, whilst HTP bPBS induced oxidat
ToxTracker assay determined that 1R6F cigarette bPBS was genotoxic, whereas HTP bPBS was non-genotoxic up to the maximum test
Effect of liver metabolism was also assessed by running ToxTracker and ToxProfiler assays in the presence of S9. Liver metabolism (
results for these compounds

The reduced biological activity of HTP aerosol relative to cigarette smoke, using bPBS extracts, in both the ToxTracker and ToxProfiler
have harm reduction potential.

Both techniques provided rapid, sensitive detection of mechanistic effects of these complex mixtures and should be considered for futur
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