Systems Toxicology Assessment of Flavor Compounds Present in E-Vapor Products Using Human
Primary Bronchial Epithelial Cells

D. Marescotti, C. Mathis, S. Acali, V. Belcastro, |. Gonzalez Suarez, S. Frentzel, D. Sciuscio, E. Fernandes, M. Biasioli, M. Fuhrimann, F. Frauendorfer, M. Esposito, M.C. Peitsch, and J. Hoeng

PMI R&D, Philip Morris Products S.A., Quai Jeanrenaud 5, CH-2000 Neuchatel, Switzerland (part of Philip Morris International group of companies)

Introduction and Objective

Assessing e-cigarette toxicity is challenging, considering the lack of standardized testing methods and the large variety of commercially available flavored e-liquid mixtures and devices. While some flavors used in e-liquids are on the U.S. Food and Drug Administration’s “generally considered as safe” list when ingested or applied topically, limited data exist about their toxicity
when they are inhaled. We recently developed a high-throughput approach to assess the biological impact of e-liquid ingredients on primary human lung epithelial cells (using an advanced cellular assay platform). The objective of this ongoing study is to assess the potential toxicity of flavor mixtures and individual flavor ingredients in this in vitro model using a step-wise
approach (Figure 1) combining cellular toxicity assays and gene expression analysis.

A primary list of flavor compounds of interest was first established. Flavors were grouped in 34 clusters, as defined by the European Food Safety Authority, based on common physicochemical properties (vapor pressure, boiling point, enthalpy of vaporization, log P, polar surface area, etc.) and available toxicological data. Excluded from this list were compounds known to be
potential carcinogens, mutagens, reproductive toxicants, or respiratory sensitizers as well as natural extracts, essential oils, and enantiomers. All flavor compounds (initially dissolved in propylene glycol (PG)) were freshly prepared in a matrix containing PG (41%), vegetable glycerin (VG) (38%), and nicotine (0.6%) in phosphate buffered saline (with a final pH value ranging from
6.5 to 7.8) before adding them to the normal human bronchial epithelial (NHBE) cell culture medium for exposure experiments.

In the first step, a series of different concentrations of each tested compound (defined based on maximum level used in Philip Morris International’s products) were tested in NHBE cells over a 24-hour exposure period, using a real-time, impedance-based assay, and results were compared with the corresponding doses of non-flavored matrix. In the second step, selected
flavors, based on their additional contribution to matrix toxicity, identified in STEP 1 (Figure 1), were evaluated further using a battery of high-content screening (HCS) endpoints (Figure 1, STEP 2). In this poster, the results of the assessment of four flavors widely used in e-vapor products (guaiacol, whiskey lactone, diacetyl, and cinnamaldehyde) are presented (Figures 4
through 6). In a third step, the study will be complemented by gene expression analysis of the exposed NHBE cells (after 4- and 24-hour exposure) followed by a computational approach leveraging mechanistic network models to identify and quantify perturbed molecular pathways.
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Figure 1. The Flavor Assessment Workflow is a three-step approach designed to assess the toxicity of flavor compounds in NHBE cells. STEP 1 C I .
corresponds to a dose-range finding experiment using a real-time, impedance-based measurement system that will determine the toxic index (see Figure O n C U S ! 0 n S
4) of each flavor compound. STEP 2 provides further information on the mechanism of toxicity triggered by the flavor compound exposure and is based
on HCS image analysis (see Figures 5 and 6). Only compounds with a toxic index lower than 1 were tested in STEP 2. Finally, STEP 3 complements the
mechanistic understanding of the flavor exposure effect using a systems toxicology approach based on transcriptomic data and computable biological A list of flavoring compounds frequently used in e-liquid formulations is currently being assessed to investigate their potential toxicity in human bronchial epithelial cells using a step-wise approach described in Figure 1. A dose-range
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etworks assessment of each flavor is first performed using a real-time, impedance-based measurement system that allow the determination of the toxic index (Figure 4) of each flavor compound. A second step using a panel of HCS-based endpoints
(STEP 2 in Figure 1) is then performed to further understand the effect of selected flavor on NHBE cells. An example of four different flavor compounds assessed in STEP 2 are reported in Figure 5 and 6. Guaiacol and whiskey lactone showed a
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atabase . . L L . the matrix alone. Two other flavors, diacetyl and cinnamaldehyde, showed a similar toxic profile at the tested concentrations, and appeared to exert their effect mainly at the mitochondrial level, as demonstrated by a consistent decrease of
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3. F. Martin et al. Quantification of biological network perturbations for mechanistic insight and diagnostics using two-layer causal models assessment of biological mitochondrial membrane potential after 24 hours exposure. In addition, evidence of oxidative stress was also observed for both flavors after 4 hours and 24 hours exposure together with a consistent cellular antioxidant glutathione depletion.
impact using transcriptomics data and mechanistic network models. BMC Bioinformatics 2014, Jul 11; 15(1): 238. The results of this study will be complemented by microarray-based transcriptomic analysis, followed by a computational approach leveraging mechanistic network models to identify and quantify biological perturbations. In conclusion, this
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