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Abstract Results
The continued development of whole smoke/aerosol exposure systems provides a means to conduct A 3R4F TPM Standard Curves B. Glycerol Standard Curve _ _
in vitro assessment of freshly generated whole smoke and aerosol from either combustible or tobacco 5000 2 Figure 2: 3R4F Total Particulate Matter (TPM) (A) and Glycerol (B) standard curves.

(A) Pad-collected 3R4F TPM (in DMSO) was serially diluted and fluorescence (Ex 355 / Em 485) was
measured over a range of TPM concentrations. A hyperbola model fit was used to establish the standard

heating products (THP) and electronic nicotine delivery systems (ENDS), respectively. A challenge with
such exposure systems is ensuring sufficient sample throughput for in vitro toxicological studies in a
timely manner. Vitrocell® has developed a high throughput whole smoke/aerosol exposure module curve and extrapolate 3R4F TPM deposition within the exposure module (GraphPad Prism 8.0.1).
designed to concurrently deliver up to seven doses of whole smoke/aerosol as well as a clean air (B) Known concentrations of glycerol (ug/mL) were quantified using Free Glycerol Reagent with a linear
control to 48 mammalian cell cultures grown on 24mm Transwell® inserts. Initial characterization of BRI oom . « o w o= | model used to fit the curve and extrapolate THP delivery within the exposure module.

this exposure system was conducted using a series of experiments designed to assess the delivery of —

whole smoke/aerosol from either the Kentucky Reference 3R4F combustible cigarette or a
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commercially available THP. A Vitrocell® VC10 smok_lng rol_aot was used to deliver smoke/a_erosol A. 3R4F TPM B. THP Glycerol Figure 3: 3R4F and THP deposition in high exposure module.
generated under the Health Canada Intense (HCI) smoking regimen (55 mL puff, 2 sec puff duration, 30 ”r
. : e : 175 175 Deposition of 3R4F TPM (A) and THP glycerol (B) for all
sec puff interval) to the exposure module. Smoke/aerosol doses were controlled using dilution airflows e 0.5L/min e Undiluted : Cor s o
; : : i, doses (L/min) within each well position per row (well 7 =
of 0.5 — 10 L/min for 3R4F and 0 (undiluted) - 4 L/min for the THP. Smoke/aerosol deposition was 150 = 1L/min S 150 = 0.25L/min . : :
- : : : . = _ 3 | dosimetry module) was determined by extrapolation of the
quantified using fluorescence measurements of captured particulate matter and chemical analysis o 4+ 2L/min o 4 0.5L/min
.. ] e . 125 _ 2125 ) Ex 355 / Em 485 fluorescence of smoke-exposed DMSO and
(e.g., glycerol, nicotine) of either DMSO (3R4F) or PBS (THP) traps within the module. Following I R T el TEET SEEL LEal - TL v 4L/min D f---ge--g---cb---g---1--- v 1L/min L . : .
: . . : e o : S 100 _ glycerol deposition in PBS to their respective standard
dosimetry characterization, the cytotoxicity of 3R4F whole smoke was determined utilizing the Neutral £ 100 i ¢ 6L/min o ¢ 2L/min _ o
: : ®  }---F--- PR, J. SR S _ € 1= _ curves (Figures 2A & 2B). Values are presented as % of the
Red Uptake assay (NRU). IC;, values were determined under either HCI or ISO (35 mL puff, 2 sec puff 75 e 8L/min 2 75 e 3L/min _ o
: : : : : : _ _ overall mean for each dose. Dashed lines (--) are at * 15%.
duration, 60 sec puff interval) smoking regimens and compared to historical data from standard + 10 L/ min + 4L/min :
. ® : : 50— —— 50 +———— T Values are the mean * SD from three independent
Vitrocell® exposure modules (i.e. 6/4 base module). Results demonstrate consistent and dose- 0o 1 2 3 4 5 @& 7 0 1 2 3 4 5 & 7 )
oo : y - experiments.
dependent deposition of smoke/aerosol constituents. 3R4F whole smoke gave a dose-dependent Exposure Well Row Position Exposure Well Row Position
decrease in cell viability in the NRU assay, resulting in IC;, values that were comparable to those
generated from the standard Vitrocell® exposure modules. Overall, the Vitrocell® 48-well exposure
module will be a useful tool to increase sample throughput for the in vitro toxicological assessment of — ) —
freshly generated whole smoke and aerosols from different tobacco product types A. Cytotoxicity: SRaF TPM (HCI) D C. _ Cytotoxicity: 3RAF TRM (HC)
reshly g P ypes. High Throughput Module = Expt. 2 High Throughput vs. Standard Modules High T:g'ughput ; IC,, o Sta':g'a‘rd
Material and Methods —+— Expt.3 125 Exposure Module (kg TPM) Exposure Modules
- Expt.d 100d IR 1+ 09625 | 348 | 2.7 1 09431| 605 |29
Smoke/Aerosol Delivery and Distribution: 3 DU | N Ha: T"’: °h”isM o 2 09861 | 850 | 2.2 2 08797 | 505 | 4.1
- Xpt. - —— i
 THP and 3R4F cigarettes were conditioned at least 48 hrs @ 22 * 1°C, 60 * 3% relative humidity (ISO 3402) S = ept7 || S N N R I? ...... mugpu ..... oot z gz:::’ 22: g: _ b3 — gzzjj Z:: ;:
- Each exposure module well contained a stainless steel insert with 3 mL of PBS (THP) or DMSO (3R4F) 3 3 ’s - 0:9715 36:4 1:4 — ' ' '
- THP dilution air flow rates (L/min): 0 (undiluted) / 0.25/0.5/1.0 /2.0 / 3.0 / 4.0 = - E: = ) - coss | 37a | 10 | ([T
L BLELELEN NLELELELES BLELELELEY NUNLELELES BLELELELEY NUNLELELES NLUELELELEY BUELELELE TPM
. 3R4F dilution air flow rates (L/min): 0.5/1.0/2.0 /4.0 /6.0 /8.0 /10.0 E I T T T T 7 00761 | 474 | 13 | PRl HO TR
« HCI regimen: 55 mL puff volume, 2 sec puff, 30 sec puff interval; 100% vent blocking for 3R4F only —— Expt. 12 25 8 0.9664 | 94.2 2.7 1 09740 ] 30.1 0.5
— Global Fit TPM (ng) 9 0.9634 43.4 14 2 0.9332 37.5 1.2
« Vacuum flow rate to exposure wells was 5 mL/min pn 0'9830 32'0 0'6 3 091791 502 | 20
8 sec puff exhaust to deliver smoke/aerosol to exposure module B. Cytotoxicity: 3R4F TPM (HCI) D. Cytotoxicity: 3R4F TPM (ISO) 1 ~s0o 1 cos | 13 4 0.8309 | 416 | 1.9
3R4F Dosimetry: Pad-collected TPM extracted in DMSO @ 24 mg/mL and serially diluted to generate a standard Standard Exposure Modules High Throughput Module 12 09853 | 688 | 1.2 5 0.9605) 193 | 05
curve (Ex 355/ Em 485)? (Figure 2A) used to extrapolate TPM delivery (smoke-exposed DMSO). 125 Global Fit | 0.8929 | 456 | 0.7 g U || ik Lt
THP Dosimetry: THP delivered dose was derived by quantifying glycerol captured in aerosol-exposed PBS _ 100 = Expt. 1 GlobalFR [98574] 943 | OF
using Free Glycerol Reagent (Sigma # FG0100). £ - Expt.1 £ y = Expt. 2 Figure 4: 3R4F whole smoke cytotoxicity (NRU).
3R4F Whole Smoke Cytotoxicity; Neutral Red Uptake Assay (NRU): S : EXP:'z S -+ Expt. 3 CHO-WBL cells were exposed to whole smoke generated
— Xp . — = mgm
« CHO-WBL cells (ECACC), seeded @ ~3 x 10° cells per 24 mm Transwell® in McCoy’s 5A complete media (with 2 — oroatre || 3% —~ Expt. 4 from 3 (HCI: A - C) or 8 (ISO: D) cigarettes. TPM deposition
serum) were incubated @ 37 * 1°C for 18 - 24 hrs [5% (v/v) CO,] to achieve ~50% confluency for exposures. 3 = e (Mg) was extrapolated from the 3R4F TPM standard curve
« Whole smoke from 3 (HCI) or 8 (ISO) 3R4F cigarettes were diluted (L/min) as above (HCI, High Throughput), j (E;’I‘p;' fF_t (Figure 2A). .IC50 values (Mg TPM * SE) calculated using
or 1.0 /4.0 /8.0 /10.0 (HCI, Standard modules), or 2.0 /4.0 /5.0 /6.0 / 7.0/ 8.0 / 10.0 (ISO, High Throughput). L A A AR AR SR S ’ >4 | GraphPad Prism 8.0.1.
« After exposure, cells were incubated at 37 * 1°C [5% (v/v) CO,] ~24 hrs. Neutral Red solution (50 pg/mL) was TPM (1g) T * = exposure with 8 cigarettes (Expt. 1 panel A)
added, incubated for 3 hrs, washed and extracted. OD.,, from exposed cells was expressed as % ALI (Air
Liquid Interface) Control (Figure 4). IC., values (ug TPM * SE) were calculated using GraphPad Prism 8.0.1. Summary and Conclusions

« Within independent exposures, under HCI puffing parameters, freshly generated whole smoke from the 3R4F reference cigarette (TPM) and aerosol from a

A commercially available THP (glycerol) were delivered consistently within the High Throughput exposure module (positions 1 - 6) and corresponding

{L/min) B - {L/min)
Veropona B A 029 / vero portad A 05/ Ei e ® dosimetry modules (position 7) (Figure 3).
o e o A A AN A A R igure 1: Vitrocell o o - - < 150
:‘ = XX KX Blen fle ‘ =X X e e high throughput « Overall coefficients of variation (CV) for 3R4F whole smoke deposition (TPM) within each dose (row) were = 15%.
- L > e N = e ’ exposure module set- « The vast majority (> 80%) of CV’s for THP aerosol deposition (glycerol) within each dose (row) were < 15%, with some exceptions ranging from 15 — 21%.
\ == e e N [ = = Dm.u} - up for either THP (A) « Cytotoxicity of 3R4F whole smoke, generated under either HCI or ISO smoking parameters, was consistent when using the High Throughput exposure
ffrrocoo o T, Yy, . P EATATATATATa or 3R4F combustible module; Global Fit IC,, values (ug TPM % SE) for HCI (45.6 £ 0.7, n = 12) and ISO (34.3 £ 0.7, n = 6).
e ea e F VG10 Port B mmt (e g m_garette (_B)- _ * Global Fit IC;, values (ug TPM % SE) for 3R4F whole smoke (HCI) from either the High Throughput (45.6 £ 0.7) or standard exposure modules (47.7 % 2.6)
AVAVAVAVAVaN I WV AVaVWaVa = Diagrams indicate were not significantly different (p = 0.4388; extra sums-of-squares F test, GraphPad Prism 8.0.1).
NN NN N N = N NSNS w / placement of : : : o . .. ological
VC10 Port B e e e e et ) Unciluted S = g photometers (—) * Opverall, the data p_re_sente_d demor_lstrate@;he_ consistent delivery of whole smoke/aerosol under controlled condltlons_and a (geprodumble in vitro biologica
PR AR A AN IR AN AR AN H dosimetry modules (o) respo.nse (cytotoxicity) with the Vltrocel! High Throughpu.t exposure module that was compar.ablt.e to the. Stano!ard Vitrocell® exposure modules.
T N e 6 6 e 6 e I and addition of air for « The Vitrocell® 48-well exposure module is a useful tool to increase sample throughput for the in vitro toxicological assessment of freshly generated whole
=P Dilution A = Dlution Ar smoke/aerosol smoke and aerosols from different tobacco product types. The 48-well module allows 7 smoke/aerosol doses (with 6 cultures per dose) per exposure
;"z’":tfy”m:fl"““"‘ ;" E’"::m;:”'““ dilution (=»). versus only 2 doses (with 3 cultures per dose) for the standard exposure modules.
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