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CT – Drug concentration for tissue T
Cinput – Drug concentration in input to tissue T
QT – Blood flow
VT – Tissue volume
PT:P – Tissue- plasma partition coefficient
PB:P – Blood to plasma ratio
ET – Extraction ratio (for non- eliminating tissues ET = 0)

System of mass balance equations:
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Po:w   – n- octanol:water partition coefficient of the non-ionized species at pH value of 7.4.
Dvo:w – olive oil:water partition coefficient of both non-ionized and ionized species at a pH value of 

7.4.
VwT, VnlT, VphT – fractional weight of water, neutral lipids and phospholipids in the tissue T. 
VwP, VnlP, VphP – fractional weight of water, neutral lipids and phospholipids in plasma.
fu,p, fu,T – fraction unbound in plasma, fraction unbound in tissues =1/(1+ (((1-fu p)/fup)·0.5)).
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Hint,H

int,H
H QCL

CL
E

+
= CLH,int – hepatic intrinsic clearance  (from hepatocytes)

QH – hepatic blood flow
CLR – renal clearance
GFR – glomerular Filtration Rate

Administration 
via alveolar air

( )
airuptakeair

cair:bloodalv

cair:bloodalvuptake CCLC
QPQ

QPQ
dt

amtd
⋅=⋅

⋅+
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=

Infusion into a 
depot connected 

with lungs

A basic PB-PK model was used to simulate and/or fit the plasma concentration-time curves after inhalation 
administrations. The inhalation was modeled using a physiologically relevant model (toluene) or a first order 
absorption into the lungs (cocaine); in the latter case, absorption-related parameters could be estimated. 

Specificities of lung disease therapeutic area:
Ø modeling of the process of drug inhalation 
Ø estimation of drug concentrations in lungs.

Physiology-based pharmacokinetic (PB-PK) modeling 
approaches are useful tools for exploring these items. A 
generic, basic PB-PK model was proposed for simulating 
plasma and tissue concentration-time curves after IV 
dosing (Germani 2005, Poulin & Theil 2002), based on 
Po:w, pKa(s), fraction unbound in plasma and hepatic 
intrinsic clearance. This approach was used for 
prioritizati zing the in vivo pharmacokinetic screens.
In the present study, this basic model was further 
modified for accommodating the inhalation process and to 
evaluate the influence of different sources of variability 
using stochastic simulations.

Modeling of tissue partition:

Modeling of clearance contributions:

GFRfCL uPR ⋅=

Modeling of inhalation process:

depot

The implementation of stochastic simulations into the basic PBPK
model allowed to simulate not only the average pharmacokinetic
profile, but also the dispersion of the data, considering the di fferent 
sources of variability in the model parameters.
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Fitting of the PBFitting of the PB--PK model to  PK model to  
inhalation data of cocaine.inhalation data of cocaine.
Input: logP=3.08, pKa=8.97, fup=9%, 
CLint=20.71 mL/min/kg. Estimation 
of absorption-related parameters:
kin= 0.139min-1 ± 12.4CV%, 
kout= 0.129min-1 ± 18.9CV%, F=52%

Stochastic simulation for inhalation of cocaine.Stochastic simulation for inhalation of cocaine.
Kin, Kout CL int and Qc (cardiac flux) are supposed 
to be normally distributed with CV= 25%.

Stochastic simulation of blood concentrations after  Stochastic simulation of blood concentrations after  
inhalation of tolueneinhalation of toluene (2 h, constant concentration of 
80 ppm) to humans, using the basic PB-PK model 
(input: logP=2.68 (ACD labs), fup=30%, CLint=50.4 
mL/min/kg). The inhalation parameters are 
supposed to be normally distributed with CV=25%.

These results suggest that the variability of Qc
is less important than the variability of the 

compound-specific input parameters.
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