Characterization of aerosol exposure, metabolism and pharmacokinetics for
toxicological assessment using in vitro organotypical airway models
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Introduction and Objectives Results

Direct exposure to inhaled mainstream cigarette smoke is known to cause smoking-related damage in the human lung. Aerosol VitI‘O Cel I Ch ald Cte rizati on EXp osure Ch alrad Cte rizati on

exposure of human three dimensional (3D) organotypical airway epithelial tissue cultures, growing at an air-liquid interface, is a Aerosol deposition for the reference cigarette 3R4F and for THS2.2* Exposure of organotypical airway epithelial tissue cultures to aerosol from THS2.2 or smoke from
well-established in vitro model enabling a Systems Biology-based Reduced Risk Product (RRP) assessment. Migration kinetics

and metabolism of deposited aerosol compounds are important parameters in understanding their bioavailability. To better A) Nicotine in aerosol B) Mass deposition Non-targeted screening of smoke deposited at a microcrystal insert the reference cigarette 3R4F
understand the role of xenobiotic metabolism after cigarette smoking, human subcellular liver and lung fraction models (Extrelut, GC-FID) (Microcrystal) (GCxGC-TOFMS) A) Nicotine (LC-MS/MS) B) Glutathione (LC-HRAM-MS) C) Acrolein-glutathione adduct (LC-HRAM-MS)
(microsomes, S9) have been established to assess metabolite profiles and reactive metabolites relevant for toxicological
assessment. The integration of exposure characterization results with a systems toxicology approach to measure the biological
impact of exposure is informative to the product assessment strategy and has the potential to highlight modes of action
associated with RRP exposure.
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Smoke Generation Tissue Exposure System Cell culture inserts Aerosol/Smoke exposed Figure 3: Characterization of the Vitrocell eszz;;::;;;j;;,[%' Figure 4: Comprehensive, non-targeted screening of whole smoke (WS) of a RN N N )
& exposure at ALl organotypical tissue cultures

e . reference cigarette 3R4F deposited on a microcrystal insert of a QCM demonstrates ¢ M ar YW postexposure [min]
A) nicotine i the aerosol, B) total mass aeposited on Quartz the complexity in chemical composition of deposited particles, smoke compounds
Crystal Microbalances (QCM'’s), C) nicotine deposition in PBS for plextty P P P ! pou Figure 5: Exposure of organotypical tissue cultures at the AL/, A) nicotine deposited in buccal tissue directly after exposure and 24h after exposure in the

cigarette whole smoke or THS2.2 aerosol for a complete dose such as e.g. phenol, cotinine and st/g/:asterol are shown as an exa'rmp le basolateral medium, B) glutathione level in exposed tissues for different exposure doses and time points, C) glutathione adducts of electrophilic smoke
range, D) carbonyls, e.g. acrolein deposition in PBS THS2.2 = Jobacco Heating System 2.2 compounds acrolein and sum of crotonaldehyde and methylvinylketone
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Nicotine in Aerosol: Traditional method: New multi-column method: L " Figure 8: Migration kinetics for nicotine in bronchiolar tissue, exposed Half life in Tissue (TIS) + Membrane(M) t1/2
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Aerosol Characterization GCxGC-TOFMS: - Flow: 400uL/min, 40°C, Inj.: 5L - Flow: 250uL/min, 40°C, Inj.: 1.5pL - Human lung S9 generates reactive sulfates of hydroxymethyl-furans (e.g. 5-HMF) I MVK: methylvinylketone exposed to 15% 3R4F for 6min, and additional compounds
2-Dimensional gas chromatography: M : :
' ass Spectrometry (HRAM-MS): Thermo QExactiveTM, HESI(+/-)
- Agilent 7890A + LN2 Modulator + - Full scan: 80 - 800 Da, res.: 70000 - Full scan: 145 - 650 Da, res.: 70000
secondary oven
- Injection: Cool-on-column, 0.1|JL Rvon o o o o0 o @ Optimized multi-column separation: References
- . - 7) SCX+PFP-pH5.0-MeOH - High abundant compounds (e.g.
Column 1: 30m DB-5ms gttt 0.0 : nicotine, GSH, GS-acrolein) well
- Column2: 2.2mDB-17ht e ® O o o * o I separated from low abundant
T P MEOH °© e ° DY metabolites (e.g. 3-hydroxycotinine) _ o ' o
primary oven - secondary oven Y midour ®o o .o - Polar compounds well separated * Subcellular fractions (microsomes, S9) are useful tools to study in vitro lung metabolism: * Analytical methodologies were established to characterize the exposure of organotypical tissue M"’ftee" etal "”7’3‘;"“"”2"”"?” "’Z”e ”f;”‘eé’fzf’/t”c’” 7“’;’/39’05‘;{:2/)"’;;”9
initial 30°C (2min) 35°C (2min) 35Axtppp,p;.3.4,:m' f h t hic dead-vol ] _ _ ] ] L ] system using mainstream cigarette smoke, Chemistry Central Journal 8(1):62 -
rate 5°C/min 5.2°C/min ot i e L@ T e e e o Metabolite profiles and reactive metabolites are relevant for toxicology & kinetics Cultures: December 2014
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(smin) ( ) |)’ — ! Tr::::fgti'nﬁﬁrf:fpfl‘:f;ﬂe;:SgdS o Results from metabolism models using subcellular fractions can be utilized in more complex o Nicotine and glutathione adducts of reactive carbonyls can be determined to describe the : Z‘Z";’”fg"c:;ci’?z ”;;ff;’;e;’;’ (’2 ;1‘;)"”3”5 omation of molecules containing
: ey ical ti dose in exposed tissues T A '
Mass Spe(:trometry (TOFMS) 0 1 2 3 4 5 6 7 8 9 10 - Co-elution for most compounds of models, such as organotyplcal tissue cultures P Takakusa H. et al. Markers of Electrophilic Stress Caused by Chemically Reactive
- LECO Pegasus 4D o Niotine - Neer  Cor o3 0mem e e+ GotAd o csse interest o Glutathione serves as an additional marker for tissue functionality Metabolites in Human Hepatocytes, Drug Metabolism and Disposition. Vol. 36, No. 5

(2008).
* Dynamics of the exposed organotypical tissue cultures help to understand the biological system: Jose " V. Castell et al. Metabolism and bioactivation of toxicants in the lung. The in

. . . . . . . . . . . vitro cellular approach, Experimental and Toxicologic Pathology 57 (2005) 189-204
o Migration kinetics (including adsorption, metabolism, excretion kinetics): University of Kentucky (wum.3edf com

=> bioavailability of aerosol (compounds) by area under the curve (AUC) (http;// www2.ca.uhy.edu/ refeig/ 3RAF%20Preliminary % 20Analysis. pdf)

- lonization: El, 70eV Coure 2 Chromat " o P e
- Scan range: 35_700 Da igure 2. Chromatographic approaches ror separation or nicotine, re ./OX. gluta /ane( / ),

GSH adducts of acrolein, crotonaldehyde and benzoquinone and nicotine metabolites (nicotine-IV-
oxide, cotinine-N-oxide, cotinine, 3-hydroxycotinine, nicotine-N-glucuronide, cotinine-N-glucuronide)

* Metabolism studies will further substantiate the use of organotypical tissue culture models

as a tool for in vitro respiratory toxicology testing
- Data acquisition rate: 200 spectra/s
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