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1. INTRODUCTION

Due to the evolving regulatory landscape and dynamic nature of innovation with e-cigarettes, new assays are required to quickly determine the subtle biological response of e-liquids
for stewardship purposes. The HCS assay enables the detection of early cellular events in human primary cell lines in response to test materials. The aim of this study was to assess
the cellular effects of commercial e-liquids using High Content Screening (HCS) on human primary lung cells. Additionally, cellular effects were compared to a reference cigarette
smoke condensate and flavourless e-liguids containing different concentrations of nicotine.

2. MATERIALS & METHODS

Test Materials

Three experimental e-liquids: Base Liquid (PG/VG: 50/50); Base Liquid + 1.2% nicotine (PG/VG/Nic: 49.4/49.4/1.2); and Base Liquid + 2.4% nicotine (PG/VG/Nic: 48.8/48.8/2.4). Four
commercially available e-liquids, with varying flavours all at 2.4% nicotine (W/W) strength, US formulations. Cigarette Smoke Condensate (CSC) was collected using Intense smoking
regime on Borwaldt RM-20 smoking machine at a target smoke total particulate matter (TPM) of 50 mg/ml of DMSO.

Methodology

Normal Human Bronchial Epithelial (NHBE) cells (Supplied by Lonza, Cologne, Germany) were cultured in 96-well plates, at a seeding density of 9x103 cells per well, followed by
a 24-hour incubation at 37 C and 5% CO.,. After the incubation period the cells were exposed to the test materials for 24 hours. The cellular responses of e-liquid were compared to
cells exposed to 3R4F Reference Cigarette Smoke Condensate (CSC). High Content Imaging was performed using an automated fluorescent cellular imager (Cellomics® ArrayScan
VTI). A minimum of eight individual images were acquired per fluorescent channel for each well of the experimental plates. All experimental work was conducted by Cyprotex
laboratories, UK. Osmotic concentrations were measured on a Osmomat 030 (Gonotec GmbH) osmometer. Due to the osmotic nature of e-liguids themselves, cells were exposed to
a maximum concentration of 3% for 24 hours (based on previous studies and scientific literature?l).
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MEC = Minimum Effective Concentration that significantly crosses vehicle control threshold (red dotted lines Figure 1) . NR = no response observed. NR* = no response
observed, possibly due to the high sample cytotoxicity. AC;, = the concentration at which 50% maximum effect is observed for each cell health parameters. + = AC., was
calculated, but is greater than the maximum surviving concentration. Arrows indicate increase or decrease for specific cellular endpoint. BL = Base liquid 50:50 PG/VG with
nicotine %. 3R4F CSC was tested between 0.001-0.02% and the e-liquids between 0.0313-3%.
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The 3R4F CSC was the most biologically active test article, inducing most of the cellular endpoints at concentrations typically one gg
hundred times lower (See Tables 1 & 3) than that for all the e-liquids. The BL e-liquids were largely inactive in most of the endpoints up 169
to 3% test concentrations, with a tendency to lower MEC values with an increasing nicotine concentration (Figure 1). The commercial 130
samples induced additional effects above those observed with the experimental e-liquids. For instance, the Menthol e-liquid was deemed 170
to be the most active flavour. However, activity only occurred at concentrations significantly higher than the 3R4F CSC MEC (see Table 91
3). Menthol is known to cause cell cycle arrest in certain cell types (at 100 uM) 2. Menthol has a proven record of safety, with a long L 132

history of use in pharmaceuticals (e.g. Nicotine Replacement Therapy) and cosmetic products3. Osmolality increased with increasing  N/A:Not Applicable
concentration of BLs (see Table 2) with no changes observed for increasing concentrations of 3R4F CSC, e-liquid flavors or nicotine
(data not shown).

4. CONCLUSIONS

« Cigarette smoke condensate was the most biologically active test article, inducing effects from a concentration of 0.001%.

* For the e-liquid samples, effects were seen at concentrations typically 100 times higher than those for 3R4F CSC.

« Out of the e-liguid samples, Menthol was the most active flavour, but only at concentrations significantly higher than 3R4F CSC. Menthol has long history of use in a pharmaceutical
products and a proven safety record.

« The high exposure concentrations of neat e-liquids, plus the exposure duration of 24 hours are an exaggeration of any potential human exposure.

« Work is underway to determine local cellular concentrations of e-liquid aerosol in 3D cells, when exposed at the air-liquid interface.
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