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An introduction to next generation products (NGPs)
In vitro product assessment framework overview
In vitro exposure methods with cigarettes/ NGPs

Case study: Application of (experimental) electronic vapour product/ cigarette-
derived samples in the ToxTracker assay
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Next generation products

* Next generation products (NGPs) offer a means of potentially reduced harm nicotine delivery to adult smokers

» Categories include electronic vapour devices (EVPs), heated tobacco products (HTPs) and oral nicotine pouches

>7000 chemicals in
cigarette smoke, °
around 100 of which
are classified as Combustible
. Tobacco
harmful or potentially
harmful constituents
(HPHCs)

Heated
Tobacco

Snus

Vape Oral Nicotine

Pouches

RISK

MORE TOXICANTS FEWER TOXICANTS

COMBUSTION E NON COMBUSTION °

HTP: reconstituted tobacco stick heated (but
not burned) to produce nicotine-containing
aerosol

Snus: oral resting (between gum and top lip)
products containing tobacco

EVP: (flavoured) e-liquid (base constituents
propylene glycol (PG) + vegetable glycerine
(VG)) heated to produce vapour (containing
nicotine or nicotine free)

Oral nicotine pouches: tobacco-free oral
resting pouches

NRT: nicotine replacement therapies (e.g.,
lozenges)

Test samples generated from these are
complex chemical mixtures
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Background: in vitro toxicity testing framework

* The in vitro assays used avoid the need, and act as a good surrogate, for animal testing

* The assays also utilise human-derived cells wherever possible
* The in vitro toxicity testing framework is a combination of established regulatory toxicity assays and newer

methodologies
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Methods for smoke/ aerosol exposure in vitro

Smoke/ Aerosol Exposure In

Vitro System (SAEIVS)

* Achieves exposure to
fresh smoke/ aerosol at
the air-liquid interface

* Most human relevant in
vitro smoke/ aerosol
exposure scenario

* Not practical for
submerged samples

Diluting
pump 1

Smoking pumps 1-5
equipped with Cambridge filters
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Rudd et al., 2020

Whole aerosol
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Impinger \ Impinger
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| Bubble ; Bubble
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- —r particulate

Particulate matter Gas phase
+

Submersed cell

Boué et al., 2020

CIGARETTE EVP

Smoke/ aerosol trapping on

Cambridge filter pads

* Includes lipophilic fraction

* Requires suitable solvent
(e.g., DMSO) for addition to

Gulture aqueous in vitro systems

Aqueous bubbling

e Can bubble fresh smoke/ aerosol
through bacterial cultures

e Can bubble through PBS or medium and
add to aqueous in vitro systems (can be
stored frozen, used for several tests and
shipped to between laboratories) —

_Y
aqueous soluble fraction 2;%

E-liquids can also be
added directly to
agueous medium
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Application of EVP/ cigarette-derived samples in the ToxTracker assay

e Aim: to study the effects of EVP and 1R6F reference cigarette smoke-derived samples in the ToxTracker assay

» ToxTracker assay: mouse Aneugenicity

embryonic stem cells modified

" kP&-O(_ Yo M
. o arma g ,')Cv’.'/. ,}//’X-‘\\Q o -
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chromosome recombineering, o
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protein (GFP) reporter cell lines

v o
@ @
: v v
e Cells in submerged culture
* Cells exposed to @ @ @ @ @ @
experimenta | e-li qui ds ( neat Bsci2-GFP Rikn-GFP DNA staining in Blg2-GFP Snn1-GFP BIVID-GFP Ddit3-GFP
wt stem cells
or aerosol bPBS) and 1R6F —
Mutagenic DNA double Cell cycle block, DNA damage, Oxidative stress, Unfolded protein

smoke (T PM or smoke DNA lesions strand breaks polyploidy cytotoxicity/apoptosis ROS production response

bPBS) (24h; +/-59)

Toxys, accessed online, 11-2020
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Test articles

Test article Description Max. tested

concentration

EVP-neat-NS-TF Neat e-liquid base containing 1.6% nicotine salt and tobacco flavouring

= EVP-neat-FB-TF Neat e-liquid base containing 1.6% freebase nicotine and tobacco 1
§ flavouring e 24h
EVP-neat-TF Neat e-liquid base containing 0% nicotine and tobacco flavouring 1 exposures
EVP-neat-1:1 PG:VG Neat e-liquid base, 1:1 PG and VG only 1 * +0or—S9
EVP-bPBS-NS-TF PBS-bubbled aerosol of e-liquid base containing 1.6% nicotine salt and 10 (meta bolism)
tobacco flavouring
EVP-bPBS-FB-TF PBS-bubbled aerosol of e-liquid base containing 1.6% freebase 10 Neat = 100% e-
3 nicotine and tobacco flavouring liquid stock
8 EVP-bPBS-TF PBS-bubbled aerosol of e-liquid base containing 0% nicotine and 10
3— tobacco flavouring
< EVP-bPBS-1:1 PG:VG PBS-bubbled aerosol of e-liquid base containing 1:1 PG and VG only 5
1R6F-bPBS PBS bubbled smoke of the 1R6F reference cigarette 10
‘TPM 1R6F-TPM DMSO extract of cigarette smoke trapped in a filter pad 1

~)/% BRANDS

Czekala et al., accepted for publication



Does PG/VG base liquid interfere with responses to additional
ingredients?

DMSO + 1% neat PG/VG 5% PG/VG bPBS +

51 8— - -
+ resorcinol resorcinol

resorcinol
4 .

= AT
) ’," P - % %
1= . ____ ;
0 T T T T 1 0 I I T T 1 0 T T T T 1
0.0 0.5 i i3 20 242 0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 15 2.0 25
Concentration (mM) Concentration (mM) Concentration (mM)
* Positive control compounds (resorcinol, vinblastine, B[a]P) spiked
into system to test for the effects of combination with PG/VG base e- |
liquid components
* Positive compounds added to cells Resorcinol: o
o + DMSO ° DNA damage p53 activation 7 2::2 ;5599
« +1% 1:1 neat PG:VG * Oxidativestress | ™" -z
' ' * p53related _ s
e +5% 1:1 PG:VG aerosol bPBS > Protein damage | vt
response — Positive induction

* No significant differences in the responses observed in each of the
three vehicles

Czekala et al., accepted for publication
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Does PG/VG base liquid interfere with responses to additional
ingredients?

10- D: DMSO + vinblastine 129 E: 1% EVP-neat-PG/VG + vinblastine 12 F: 5% EVP-bPBS-PG/VG + vinblastine

10 104

GFP induction
GFP induction
GFP induction

Concentration (nM) Concentration (nM) Concentration (nM)

Positive control compounds (resorcinol, vinblastine, B[a]P) spiked
into system to test for the effects of combination with PG/VG base e-

liquid components

Positive compounds added to cells Resorcinol: Rin 59

[ ) + DMSO [ ) DNA damage p53 activation 7 z::z;ssgg

+ +1% 1:1 neat PG:VG Y Gk sics (| R

' ' * p53related e

* +5%1:1 PG:VG aerosol bPBS : e | — 085 8
response — Positive induction

No significant differences in the responses observed in each of the

three vehicles
Similar case with B[a]P and vinblastine Czekala et al., accepted for publication
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Does PG/VG base liquid interfere with responses to additional
ingredients?

G: DMSO + B[a]P 20 H: 1% EVP-neat-PG/VG + B[a]P 5

l: 5% EVP-bPBS-PG/VG + B[a]P

GFP induction

GFP induction
w IS
1 1
[
L
|
]
GFP induction

0 1 2 3 4 5 0 1 2 3 4 5
Concentration (M) Concentration (M) Concentration (M)
Positive control compounds (resorcinol, vinblastine, B[a]P) spiked
into system to test for the effects of combination with PG/VG base e- |
liquid components
Positive compounds added to cells Resorcinol: Rin 59
. + DMSO ° DNA damage p53 activation 7 z::z ;5599
« +1% 1:1 neat PG:VG * Oxidativestress | ™" -z
' ' * p53related e
» +5% 1:1 PG:VG aerosol bPBS g ]
response — Positive induction

No significant differences in the responses observed in each of the

three vehicles
Similar case with B[a]P and vinblastine Czekala et al., accepted for publication
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GFP induction

DMSO + 1% neat PG/VG 5% PG/VG bPBS +

resorcinol 87 + resorcinol resorcinol
E £
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0 T T T T 1 0 r I I I 1 0 T T T T 1
0.0 0.5 1.0 15 2.0 2.5 0.0 05 1.0 15 20 25 0.0 0.5 1.0 15 2.0 25
Concentration (mM) Concentration (mM) Concentration (mM)

Positive control compounds (resorcinol, vinblastine, B[a]P) spiked
into system to test for the effects of combination with PG/VG base e-
liguid components
Positive compounds added to cells

* +DMSO

* +1% 1:1 neat PG:VG

* +5%1:1 PG:VG aerosol bPBS
No significant differences in the responses observed in each of the
three vehicles

Conclusion: The system still had sensitivity to positive control Czekala et al., accepted for publication
compounds in the presence of PG/VG samples > additional Mo IMPERIAL £ N
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flavourings/ nicotine can be tested

Endpoint

Marker

DNA damage

Bscl2 -89
Bscl2 +S9
Rtkn -S9

Rtkn +S9

p53 activation

-~ Btg2-89

Btg2 +59

Oxidative stress

--- Srxn1-S9

Srxn1 +S9
Blvrb -89
Blvrb +S9

Protein damage

Ddit3 -S9
Ddit3 +S9

— Positive induction




How does the system respond when screening neat e-liquids?

. . Endpoint Marker Tobacco flavour +
Oxidative stress DNA damage Bsci2 59 6 freebase nicotine 6 Tot:]?ccggr:‘l}a;/glltjr *
response at higher Rikn S0 15 15
p t t g f p53 activation 2';2 -5399 g 4- g
Concen ra Ions O Oxidative stress f 2:35;'5599 é é
(tobacco) flavoured Tt Dz ©
e-liquids tested P e | D458 i )
— Positive induction 0.0 0!2 014 0!6 018 1!0 0.0 0!2 0!4 0?6 0!8 110
0.30sm/I Concentration (%) 0.40sm/l 0.30sm/l  Concentration (%) 0.40sm/|
Common, published effect (Czekala et al.,
2019).
. . . . . . 4-
Oxidative stress possibly due to artificial O VG i 11 PGVG
3 g . 5 . 6 ’ ’
effects of e-liquids on osmolarity in vitro — PG 3-

and VG are hygroscopic

GFP induction
GFP induction
N

Osmolality effect already a consideration in
OECD guidelines
0 | | 1 0 I 1 1 1 1

In conclusion, from medium osmolarity 00 o0z 04 05 08 10 00 02 04 06 08 10
measurement, neat e-|iquid5 can be tested up 0.30sm/I Concentration (%) 0.40sm/| 0.30sm/I Concentration (%) 0.40sm/

to 1% to avoid effects of increasing osmolarity
Czekala et al., accepted for publication Nk IMPERIAL N
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* The next samples to be tested, PBS-trapped smoke/ aerosol, were analysed to confirm trapping of constituents
* Nicotine
e 8 carbonyls, found on regulator HPHC lists

Analyte 1R6F-bPBS EVP-bPBS-TF EVP-bPBS-FB-TF EVP-bPBS-NS-TF EVP-bPBS-1:1
PG:VG
ug/ml | pg/puff | ug/ml | ug/puff | pg/ml | pg/puff | ug/ml | ug/puff | pg/ml | ug/puff

Nicotine 112.2 62.33 <1 <0.25 167 41.75 187 46.75 <1 <0.25
Formaldehyde 9.7 5.39 4.4 1.10 2.1 0.53 9.0 2.25 2.3 0.58
Acetaldehyde 167.3 92.94 <L0Q <L0Q <L0Q <L0Q 33 0.83 <LOQ <LOQ
Acetone 19.5 10.83 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Acrolein 4.2 2.33 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Propionaldehyde 8.7 4.83 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Crotonaldehyde 4.4 2.44 <L0Q <L0Q <L0Q <LOQ <L0Q <L0Q <L0Q <LOQ
2-Butanone (MEK) 3.9 2.17 <L0Q <L0Q <L0Q <LOQ <L0Q <L0Q <L0Q <LOQ
n-Butyraldehyde 3.5 1.94 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <LOQ

* Nicotine levels in nicotine salt/ freebase nicotine EVP aerosols comparable to 1R6F smoke nicotine levels,
indicating comparable nicotine delivery between the samples

* Increased formaldehyde in nicotine salt sample, compared to the other EVP samples, was observed, but this
was still 2-fold lower per puff than in the 1R6F smoke bPBS

Nk BRANDS 1
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Effects of bPBS samples

12+ 1R6F
I Tobacco flavour 4 Tobacco flavour -
+ freebase nicotine + nicotine salt i
= 3- 3_ g 8-
E g T 6-
Eag =P 5
& : 5 4
© 1 E e eerr s A B e 2
0 1 1 | 1 1
0 L L ; : ; 0 T T T T 1 0 2 4 6 8 10
° : ‘ . ° ° 10 0 2 = 9 e e Concentration (%)
Concentration (%) Concentration (%)
fropot || Memer e Complex response to 1R6F
4 Tobacco flavour; no 4 1:1 PG VG DNA damage Bsci2 -9
nicotine ' ' i %5 bPBS — due to unknown
Rtkn +89 o . .
3 34 ps3 actvation | —— 81259 chemical fraction, requires
S < — Big2 +59
3 £ e further compositional
2 = -~ Blvrb-S9 i
-g -g 2 — Blvlrb+S9 ana|y5|s
& ) & Protein damage 7 g::z ;5599 . .d .
© 1 ey rrrrrrrrvrrrees Ol ——— = S ——— Oxidative stress
* Direct DNA damage
0 T T T 1 0 _
0 > A 5 . 0 J s 7 7 T ) * p53-related response
COMEEIIEN () Concentration (%)
* On comparison with the 1R6F bPBS, the EVP bPBS samples did not cause cellular Nk I =
responses under the conditions of the test Zk BRANDS IRRSNS -,

Czekala et al., accepted for publication



ToxTracker Aneugen Clastogen Evaluation (ACE) assay extension

GFP induction

1R6F TPM

Concentration (%)

1R6F bPBS

GFP induction

Concentration (%)

Endpoint Marker
DNA damage Bscl2 -S9
Rt 25
e 1R6F TPM s
o 0 53 activation --- Btg2-59
e QOxidative stress ’ " oz rso
. Oxidative stress --- Smxn1-59
* Direct DNA damage — ot 559
* Protein damage s R 1
e p53 stress response — md;ﬁid..3+sg

GFP induction

Nicotine

Concentration (mM)

Nicotine induced oxidative
stress reporter...

..only at a
supraphysiological
concentration, 10mM

Up to 0.6uM nicotine in
blood plasma, 10uM in
saliva (Ginzkey et al., 2014)

Complex response to 1R6F samples, due to
complex chemical mixture = further
investigation with ACE extension

Small changes to cell cycle were induced

No changes to DNA content

1R6F samples not classed as aneugenic under
the conditions of the assay
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* The ToxTracker assay can provide a quick indication of (geno)toxic mechanisms and
has the potential to be incorporated fully into our assessment framework to
supplement regulatory genotoxicity assay outcomes

PG/VG did not decrease cell sensitivity to the effects of additional components
added to the cell system

Neat e-liquids can be tested up to a concentration of 1% with ToxTracker
bPBS is a suitable method of exposure in the assay

1R6F smoke did not appear to have an aneugenic mode of action

Nicotine causes oxidative stress, only at a supraphysiological concentration

* EVP and 1R6F smoke bPBS contained similar levels of nicotine

* Responses to the nicotine-containing test articles in the assay not thought to be due to nicotine content

 Further evaluation of additional flavoured e-liquid derived samples, and
characterisation of bPBS chemical content, is required v

e IMPERIAL - N
)i BRANDS p



Boué, S., Goedertier, D., Hoeng, J., Kuczaj, A., Majeed, S., Mathis, C., ... & Schlage, W. K. (2020). State-of-the-art methods
and devices for the generation, exposure, and collection of aerosols from heat-not-burn tobacco products. Toxicology
Research and Application, 4, 2397847319897869.

Rudd, K., Stevenson, M., Wieczorek, R., Pani, J., Trelles Sticken, E., Dethloff, O., Czekala, L., Simms, L., Buchanan, F,
O’Connell, G., Walele, T. (2020). Chemical composition and in vitro toxicity profile of a pod-based e-cigarette aerosol

compared to cigarette smoke. Applied In Vitro Toxicology, 6(1), 11-41. DOI: 10.1089/aivt.2019.0015.

https://toxys.com/services/genetic-toxicology-assays/toxtrackerace/ (Accessed 11-2020).

Czekala, L., Chapman, F., Simms, L., Rudd, K., Trelles Sticken, E., Wieczorek, R., Bode, L., Pani, J., Moelijker, N., Derr, R.,
Brandsma, I., Hendriks, G., Stevenson, M., Walele, T. The in vitro ToxTracker and Aneugen Clastogen Evaluation extension

assay as a tool in the assessment of relative genotoxic potential of e-liquids and their aerosols. Mutagenesis , accepted
Nov. 2020.

Czekala, L., Simms, L., Stevenson, M., Trelles Sticken, E., Walker, P., Walele, T. (2019) High Content Screening in NHBE cells
shows significantly reduced biological activity of flavoured e-liquids, when compared to cigarette smoke condensate.
Toxicology In Vitro, 58, 86-96.

Ginzkey,C., Steussloff, G., Koehler, C., Burghartz, M., Scherzed, A., Hackenberg, S., Hagen, R., Kleinsasser, N. (2014)

Nicotine derived genotoxic effects in human primary parotid gland cells as assessed in vitroy co”\r/PPeEtR?AsEa is-
block micronucleus test and chromosome aberrations test. Toxicology In Vitro, 28(5), 838-8@# BRANDS


https://toxys.com/services/genetic-toxicology-assays/toxtrackerace/

Questions?

Thank you

Imperial Brands
Lukasz Czekala
Matthew Stevenson
Liam Simms
Kathryn Rudd

Fan Yu

Roman Wieczorek
Edgar Trelles Sticken
Jutta Pani

Lisa Bode

Toxys B.V.

Inger Brandsma
Remco Derr
Giel Hendriks
Nynke Moelijker

My IMPERIAL
~)/% BRANDS

5 C1EN CE)



