Physiologically Based Pharmacokinetic Model to Characterize
Nicotine Kinetics Following the Use of Oral or Inhalable Products
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* IN this case, the airway section of the model describes 3
uptake compartments: BC, URT and LRT. Within each
region, the model includes product-specific descriptions

RESULTS

Figure 1. Nicotine PBPK model schematic, including submodel structure for BC and URT (inset).

Figure 2. Simulation of the venous plasma concentration of nicotine during and after a single

use of 1 of the 4 major product types used to estimate the tissue uptake diffusion constant.
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CONCLUSIONS

 The nicotine PBPK model provides simulation results that

Muhammad-Kah?, Mohamadi A. Sarkar?, Jianmin of the flux of nicotine into plasma, as well as the flux of 40 - Cigarette — Venous Nicotin 404 - vapor — Venous Nicotine are comparable to the nicotine time-course plasma

Liu?, Gerd Kobal?, Willie McKinney?, Robinan nicotine from the BC and URT to the Gl tract. NICOTINE 08 ma delivery 0.8 mg delivery concentrations reported from clinical studies across a
m - 2 . .

1(;‘-entry3, Yezdi B Plthzawa_"a _ _ _ * While these models have primarily been used to derive I range of product types

Rambol!,3RTP, NC, USA, © Altria Client Services LLC, Richmond, regional gas dosimetry ratios for human health risk J | , « Model predictions of mean nicotine plasma levels at

VA, USA; "Ramboll, Monroe, LA, USA assessment, they provide the necessary physiological Buccal Cavity URT specific time points (using the average amount of
S - - L -—-  Buccal cavity QBC 30+ 30+ - - -
ABSTRACT descriptions to estimate the regional uptake of nicotine. C : ¢ | NICOTINE N ATARER , . : > Lung oroduct used in the clinical study, as model inputs),
I € € : : . .

vsiologically based bh inetic (PBPK dol * The overarching goal is to develop a PBPK model that will | | | > MUCUS )4 MUCUS . showed good fits with mean nicotine levels
P ySkl)O Oglcafy| aslef o irmaco .|n.et|c ( | ) modeling allow simulation of nicotine exposure and | URT ) QUC ! - ! - . * Where the model deviates from the reported plasma
cin e a use ut'toc])c or C arafcierk;zmg mcognet " sharmacokinetics over a wide range of products and use : ~  Epithelial layer +~ Epithelial layer E" time-course data points to limitations in our exposure
P arm(;aco netes |romgj|§ehod SBE&CO p(rjo | U? > VS - : patterns that can serve as a framework for modeling ac i | | | submucosal layer | submucosal layer §2O‘ paradigm that need to be explored in future studies
expand a prQV|ous Y, pu .|s e mo e.( eeguar erj C additional ingredients and combustion by-products. : , Lung X . iNnclude product use patterns both within a single use, as
al 2013) to simulate nicotine PK, following single or multiple i T well as across repeated uses
use of various tobacco products (cigarette, smokeless | QBC ’ - | N
tobacco and electronic cigarette) and nicotine inhaler METHODS E Brain ¢ | * The hlcotme PBPK model will |qe utilized to understahd |
(Nicotrol®). The airway section of the model was : Vengus Arterial Venous Arterial the likely me;hamsms for the differences observed within
redesigned to describe 3 uptake compartments: buccal PBPK model parameterization i QHC A and across different product types and across use events
cavity (BC), upper respiratory tract (conducting airways, . . . ' Heart ) o o | | | |

y (BC), upp SP y ( n 9 y . Teeguarden et al (2013) nicotine PBPK model is used as V : E : ’ . The mcotlrje model provides 3 olatform that will be
URT) and lower respiratory tract (transitional airways and . . o . . | e | useful to simulate other constituents delivered with

. e . basis for nicotine distribution and metabolism with N l QFC e l
alveolar region, LRT). Within each region, the model : oroduct use
. . L ADME parameters unchanged from the reported mean o . Fat ¢ r ¢
includes product-specific descriptions of the flux of oterior values u i 1 — R Urine | | | | | | | | |
nicotine into plasma, as well as the flux of nicotine from the P S | QGC 3 O 50 100 150 O S0 100 150 200
BC and URT to the Gl tract. These descriptions are based * URT consists of 2 sequential compartments representing T Gl ¢ | Minute Minute REFERENCES
on regional deposition and permeation models of nicotine conducting and transitional airways (Camplbell et al 2014) aLc - et Al 201 A b CED-PEPK model o
. . L . . o , ampbell et a . ybri : model for naphthalene
mtq plasma. Reglonal deDO.SItIOﬂ. ux combined with » BC description taken from Corley et al (2015) Liver ¢ Cracti 40~ Nicotrol — Venous Nicotine 40- MST — Venous Nicotine in rat and human with IVIVE for nasal tissue metabolism and
regional differences in physiological parameters (eg blood - fos f ot . Juct raf: !on 0.8 mg delivery 0.8 g delivery ross-coecias dosimetry. Inhal Toxciol 26:333-44
oerfusion ratio), play a key role in the product-specific PK xpos(LjJredr]?u 3 .or T'CO ltnekcczjn a'”,'”tg prot Hets vvertef . | QRC cotinine o | P % | T |
orofile of nicotine. The current model describes the slower ke)ggan t'e rlogwffsmp < L:Cp c et' eSCrp 'O?s (t)' accolun or ¢— Richly perfused tissues ~ «——  _________ Fo=msm—m——-es > Cotinine -—==> Urine Corley et al 2015. Comparative Risks of Aldehyde Constituents
flux of nicotine into plasma across the BC and URT, as well Il‘ rec |1o.na tl USION OF NICOLINE atross the tssUe 1ayers i in Cigarette Smoke Using Transient Computational Fluid
as the rapid flux known to occur in the alveolar region. (Figure 1inset) - poorly perfused tissues QE MC | 30- 30- Dynamics/Physiologically Based Pharmacokinetic Models of the
Overall, the addition of the BC and respiratory tract  Mucous diffusion in URT based on water diffusivity h Rat and Human Respiratory Tracts. Toxicol. Sci. 146:65-88.
compartments to the nicotine model provided simulation . - - - - - - - Other Physiological parameters for physiology were retained from Teeguarden et al (2013). The respiratory ‘ R . . . . . .
results that are comparable to the nicotine time-course Ep|th§||a| layer dlfoSIOh in URT estimated to DFOVIdQ th_e 1 , QSKC tract description was based on Campbell et al (2014) with BC physiological constants taken from . . Digard et al 2013. Determination of nicotine absorption from
| = o | best fit to the permeation model expected flux of nicotine Skin € Corley et al (2015). , y ) e . multiple tobacco products and nicotine gum. Chem. Cent. J.

p|afjm|a cog;ethtrat|ofns reportedtfromlclln|call stu|d|ets. The and the plasma time-course across all product types £ 4. £,0- e Le” . . 7:255-61.
model predictions of mean nicotine plasma levels a | | | | o o AR &4
specific time points (using the average amount of product * Diffusion constants were scaled to tissue width and *ee i Y ’ Lopez et al 2015. Effects of Electronic Cigarette Liquid Nicotine
used in the clinical study, as model inputs), showed good surface area Figure 3. Simulation of 3 published studies nicotine plasma time-course data collected during and after single use of E-vapor (below left, Lopez et al . i § i', . f 3 { . Concentration on Plasma Nicotine gangl Putt Topography.n
fits with mean nicotine levels measured from clinical studies « Nicotine reaching the lung is assumed to be gas exchange 2015) or MST (below center, Digard et al 2013) or repeated use of conventional cigarette (below right, Russell et al 1976). : *es3fsd i ’ 8 : . Tobacco Cigarette Smokers: A Preliminary Report. Nicotine Tob.
(average of individual PK curves). The R2 values between (ie immediate absorption to plasma) - ’ : 0- 8 : § ‘¢ i : : Res. 18:/20-23.
the model prediction and actual clinical plasma levels for . . . . $ . . g RR .*z S - -
cigarette. electronic cigarette and smokeless tobacco were . Slmu.latlons conducted using R package DeSolve with 307 E-vapor — Venous Nicotine — Lopez 30 7 MST — Venous Nicotine — Digard 80 - Cigarette — Venous Nicotine — Russell : : 3 ;. IR : ¢ s Russell etoal 1976. Plasma mcoﬁme levels after cigarette smoking
0998 0 559 4 0997 tivelv. This PRPK Jel MCSIim model code E-liquid concentration: E-liguid concentration: 1.8 mg/stick delivery . T i ? { : and chewing nicotine gum. British Med. J. 1:1043-46.

. , O. and O. , respectively. This model may 36 ma/mL 6.2 mg extracted : e : . | - N
be utilized to understand the likely mechanisms for the Exposure model . 18 mg/mL e 4.8 mg extracted ; § g ¢ : e Teeguardeﬁ et gal 2013. A multvroutg model of r.ﬂco'tme'—c.otmme
differences observed within and across different product 8 mg/mL 3.5 mg extracted 0 &8 o4 /4 pharmacokinetics, pharmacodynamics and brain nicotinic
types. Such models may also be useful to simulate nicotine * Human exposure to nicotine from 4 product types 60 - 0 A 70 2 a0 . o 0 75 a0 S 30 100 130 acetylcholine receptor binding in humans. Reg. Toxicol.

PK profiles under different product use behavior scenarios. (cigarette, E-vapor, MST and Nicotrol® inhaler) used for . Minute Minute Pharmacol. 65:12-28.
L - 20 -
model development and validation L | | | . | | Teeguarden et al 2008. A PBPK model for evaluating the impact
, o , , , - Data represent the individual measured concentrations at each time-point. The product types are ordered by their increasing shift to _ .

INTRODUCTION « Fractional deposition of the inhaled mass of nicotine ! /' ’ URT and then buccal exposure. The difference between inhaler and MST is higher fraction of mass deposited in BC expected to be of aldehyde dehydrogenase polymorphisms on comparative rat

derived from CFD model (data not shown) for cigarette, g - T él . /1 | §4O ;vrvscljlgc\i\getcj/r\)/vei;h saliva. The nicotine PBPK model provides a very good agreement to the overall venous plasma time-course data for all and human nasal tissue acetaldehyde dosimetry. 20:375-90.

: 7] ~ — i g _ ¢ .

» Teeguarden et al (2013) calibrated a PBPK model to rat =-vapor and inhaler 3 '_ T 3 ] 3 .

and human time-course kinetic studies. To simplify the » Studies simulated were chosen based on the available T // 1 ¥ t

calibration process, the focus was on IV and oral exposure product use information - puff volume, length, interval 0- 1\1 0 - / T~ ] | |

with cigarette use and nicotine gum simulated as direct and number | Ve T I Acknowledgments: The authors would like to thank Justin

| . . . . S AN | | ! - Teeguarden for sharing his nicotine model code. This work

uptake into plasma.  E-vapor and inhaler required estimation of rate nicotine | ' 20 o v . . .

. y was funded under contract to Altria Client Services, LLC.
* Teeguarden model has been expanded to include a swallowed from BC 5- 5 :

BC and respiratory tract using ”.““.CO“S and ep|the||a|. « MST use required estimation of the rate of nicotine release '[’,l
tissue layer mass transfer descriptions from the hybrid . /

from product to mucous along with the rate swallowed and 4
CFD-PBPK models (Corley et al 2015, Campbell et al 2014, . . . 0- 0 o

spat to account for the concentration gradient in mucous
Teeguarden et al 2008). . . . . | | | . . | . . . . | . | . | I

necessary to generate the plasma time-course 0 20 40 60 80 100 120 20 40 60 80 100 120 0 1 2 3z A 5 6

Minute Minute Hour

For E-vapor and cigarette the intake exposure was estimated to provide the best fit to the time-course data using information provided in the studies. The reported mass released from MST was used to
define the exposure to nicotine to simulate Digard et al (2013). For all studies no SD was reported. The figure SD values were based on the CV reported for the AUC to provide visual guidance as to the
overall variability in plasma kinetics across subjects and model fit.





