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Overview of the PBTK- Exposure scenario

= Three routes of uptake:
deEI I nd USChem Fate =|nhalation - concentration
=Dermal — dose rate
=Oral - dose
= Duration of exposure
= Personal Protective Equipment
= Physical activity level (rest/ light)

Compound data

= Physical-chemical properties:
= Density
= Molecular weight

= Vapour pressure —
= Log(K,,,) at pH 5.5 and 7.4 PBTK-model

= Water Solubility

= Biochemical parameters :
= Metabolism (k,,and V,.,) ‘
= Renal tubulair resorption Pyrene and metaboltes Venous Blood)
= Enterohepatic circulation ratio
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What is a PBTK-model?

» PBTK-model = Physiologically Based ToxicoKinetic
model

» A PBTK-model is a mathematical description for
absorption, distribution, metabolism and excretion
(ADME) of a chemical in the body of experimental
animals or humans

» Compartments corresponds to predefined organs or
tissues, with interconnections corresponding to blood

» A system of differential equations is used to estimate
the concentration of a chemical in each compartment

» Such a model can predict the time-course of
concentrations in blood and/or urine after inhalation

. oo lor dermal exposure)



Scheme of the physiology of the PBTK-model
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Routing of chemicals and metabolites in
the PBTK-model

— Absorption

— Inhalation

— Dermal uptake

—
stribution over the body

— QSPR algorithm for estimate of blood:air partitioning
— QSPR algorithm for estimate of tissue:blood partitionin

— Metaboli

— Saturable metabolism according to Michaelis-Menten kinetics
— Metabolism in all tissues, only liver is default

— Excretion

— Urine

. - — Exhaled air 5
IndusTox



Dermal absorption module of the model
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Distribution over compartments in
the body

— Blood:air partition coefficient

* QSPR Algorithm for estimation of blood:air partitioning
based on Henry coefficient and K_,
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— Blood:tissue partition coefficient

* QSPR Algorithm for estimation of blood:tissue
partitioning taken from De Jong et al (1997), based on
lipid content and K__,,,
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The PBTK-model is build as application in
MS-Excel, called IndusChemFate

* The differential equations of the PBTK-model
are written in speadsheet syntax (visual basic)

* The file IndusChemFate contains 4 sheets:

1. Tutorial with instructions in short
2. Worksheet

— For data entry (exposure scenario, properties of chemical
under study)

—  For numerical output

3. Database of phys-chemical and biochemical properties
of various chemicals

4. Graphical output sheet

. IndusTox



Simulation experiment 1
Operator creosote impregnating plant

* 1-hydroxypyrene was measured in urine of an operator

of a creosote impregnating plant during 7-days
* Creosote oil = a timber protective agent that contains PAH
* Pyrene is metabolised to 1-hydroxypyrene

Figure 3-1A. Excretion of 10HP in urine of a
creosote impregnating worker (Jongeneelen et
al, 1988)

N i
~J

' !
Mo

T T T T T
Tu We n F Sa

. IndusTox



Metabolism of pyrene

O‘ NADPH, O, OO UDPGA

CYP UGT COOH
OH H 00
H
OH H
0 H
H OH
Pyrene 1-Hydroxypyrene

- IndusTox

1-Pyrenylglucuronide
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Human metabolism kinetics of pyrene

m = S -

Pyrene Hepatic 9000*g V.., =180 umol/hr/kg Jongeneelen
to fraction of 12 tissue (1987)
1-OH-pyrene individuals

Ky = 4.4 uM
1-OH-Pyrene Hepatic microsomal V_., =6,900 umol/hr/kg Luukkanen
to fraction of 3 tissue et al (2001)
1-OH-pyrene- gluc individuals

Ky=7.7 UM

11
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Simulation experiment 1

Enter data

v’ Enter phys-chemical properties and
biochemical parameters of parent
compound and metabolites under study

v Enter exposure scenario

= [nhalation: concentration and duration
= Dermal: dose rate and duration
= Oral: bolus dose

. IndusTox



Simulation
experiment 1

Entering
properties
of pyrene
and
metabolite

Pyrene

1-OH-Pyrene

1-OH-Pyrene-glucuronide

. IndusTox

Parent Compound Pyrene
CAS 129-00-0
Density (mpfom? or prams/ltne} 1270
Maleculr weight 20226
Vapowr Precase Pa} 00106
LogKow} at skin pH 5.5 4 58
LopKow} at hinod pH 7.4 4 R
Wator soluhility {mp/uc) 0,115
Resapiion hubull fir/nf2} ¥
Enterchepsic removal irekstive 1o Bver venous hinod) o
Yimaox Liver jparentiotal] pmolfke tcsue/hng 360

Kim Liver [pwentjtotall pmalfitre} 45
Vmax liver jparcnit{edf] pmolfiy e fie} 180

¥im Liver {pawentfspecil] pmol/te} 45

1st metabolite Hydroxy pyreng
CAS 5315-79-7
Density [mgmﬂ: or E’M‘E} 1000
Moleoubwr weight 21828
Vapour Pressare Paj 0, 0000 2
LopiKow} ak skin p 5.5 o ——
LogiKow} at hiood pH 7.4 445
Wakor soluhility {mp/uc) 4
Resapiion tubhull fir/nf2} ¥
Enterohepaic removal irekstive o Bver venous hinod) o
Wimao Liner (15t metahitoral] pmnl"l‘.glimmfh‘} G900

Kim Liver [1st metahjotal] pmolfite } 77
Yimax Liver [1st metahfspecl] pmolfip Gssuefhr G000

Kim Liver {1st metabjspecif] pmal/tre} 47

2nd metabolite Hydroxypyrene Glucuronide
CAS 154 717052
Density (mefom? or prams/lne} 1000
Modeou b wielght 304
Vapour Pressare Paj 3217
Lop{Kow} at <kin pH 5.5 e
Lopiiow} at hinod pH 7.4 212
Wator solubility {mp/uc) 40000
Resoaption tubull iyfnf?) n
Entemhepstc removal frelative to lver venous biod) 08

Wimax Liver 'nd metahftotal] pmolfkp Gecue A}

Km Liver {?nd metabjtotal] pmoiftre }

Wimax Liver nd metahfspocl] pmolfiy Gsouefhig

Km Liver [2nd metahjspe cif] pmol /]




Simulation experiment 1
Entering exposure scenario of the

creosote plant operator

Parameters Airborme Exposurey
Airborne Concentration parent compound  {mg/m3) 0,003
Ltart of amhomne expoare (hours) 4]
exposure Dwration of awhome exposure (hours) 3
: Respiratory proteciion factor { =1} 1
scenario Dermal protection factor {air ght dothing => 1) 1
Parameters Dermal exposure to parent compound
Dermal Skin depodtion pure substance {mgfom?/hor) 0,000006
Srart of skin exposre (howrs) 0
exposure Duration of skin exposure (hours) 8
. Skin temperaiure  {ventigrade] sy
scenario Affexted skin area  {emi2) =00

Parameters of oral absorption

H Bohsdose o stomach of parent compound {mgfkg bwt) 0

Oral Int_ake T of application {Ime i hours) 4]

scenario Ahsorption rate into intestinal teaue {1/howr) 3
Selection of model parameters

Sedect mode {1=hum. re<t, 2=hum. Bight act. 3-mouse 4-rat) 2

Repeating exposure for how many days? 5

Ohservation settings

Srart of ohservation (e in hours])

Report imes per howr

a
Endd of chzervation {me in hours) 168
MNumber of steps per hour 1000
IndusTox 1




Simulation experiment 1
Run program - Results as table with

levels and amounts in fluids and tissues

Dutonpetivants

P i e (L v
" IndusTox



pyrene and metabolites (Alveolar Air)

Figure 1: Alveolair air

Simulation experiment =
Run program- = |

== AlvAir CO uMol/I
- AlvAir C1 uMol/I

Results as graph = |

AlvAir C2 uMol/I

5,00E-11

pyrene and metabolites (Urine)
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pyrene and metabolites (Venous Blood)

1 4 Figure 2: Blood

oy

h

[ =—VenBI CO uMol/I

-

—#-VenBI C1 uMol/I
4 4 t

\

VenBI C2 uMol/I

W—-‘—

| N ——

O,C{DO 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
-1,00E-04

Hours

IndusTox




Simulation

Experiment 1
Results: levels
in urine
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Simulation experiment 1
Comparison of measured and PBTK-model
predicted level of 1-OH-pyrene in urine of operator

0.80
0.60
0.40

0.20

1-hydroxypyrene in urine (umol/L)

0.00
30 60 90 120 150 180

Time (h)
Predicted —a— Measured

. Level is expressed as sum of free 1-OHP and 1—OHP—qucurorl1§i3de
Indusiux



Other comparisons of experiments/field
measurements with simulations

. IndusTox

Type of study

route

Bitumen fume Dermal
exposed volunteers
with RPE (n=10)
Intervention study with Inhalation
RPE of electrode paste

plant workers (n=18)

Inhalation
and dermal

Individual differences
among coal
liguefaction workers
(n=5)

Exposure

Exposure
scenario

8h exposure to 20
mg/m?3 of bitumen fume
= 0.65 ug/ms3 pyrene

Two weeks 5 shifts*8h
exposure to 2.75 ug/m3
pyrene

4 shift*12h at work
with 1.3 pg/ms3 pyrene.
+

96h off work.

Reference

Walter &
Knecht
2007

Bentsen et
al, 1998

Quinlan et
al, 1995
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Results experiment 2: Dermal uptake of bitumen
fume among volunteers (Walter & Knecht, 2007)

* Non-smoking volunteers with only shorts
» Volunteers used RPE to prevent inhalation
« 8h exposure to 20 mg/m? bitumen fume = 0.65 ng/m? pyrene
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Experiment 3: Reduction of exposure after
extra respiratory protection

Type of study Exposure Exposure scenario
route

2 Bitumen fume exposed Dermal 8h to 20 mg/m?3 bitumen
volunteers with RPE fume =
(n=10) 0.65 11g/m?3 pyrene

3 Intervention study with Inhalation Two weeks 5 shifts*8h

RPE of electrode paste exposure to 2.75 ug/m?3
plant workers pyrene
(n=18)

4 Individual differences Inhalation 4 shift*12h at work with
among coal liqguefaction and dermal 1.3 ug/m?3pyrene.
workers +
(n=5) 96h off work.

. IndusTox

Reference

Walter &
Knecht
2007

Bentsen et
al, 1998

Quinlan et
al, 1995

21



Results experiment 3: Reduction of exposure after
extra respiratory protection (Bentsen et al, 1998)

* Pre- and postshift urine samples during 5-days working week
* Regular RPE (red lines) and week with extra RPE (black lines)
« Measured (contineous lines) and predicted (broken lines)

0.25
0.20
0.15

0.10 ;

0.05 o T - -~

1-hydroxypyrene in urine (umol/L)

0.00
0 24 48 72 96 120

Time (h)
w———s=_Sim Norm === Sim RPE =—#— Obs Norm —@&— QObs RPE

. Dermal exposure was not measured and set at zero in simulation b2
In¢



Experiment 4: Average level versus
boundaries of interindividual differences

. IndusTox

Type of study

Bitumen fume exposed
volunteers with RPE
(n=10)

Intervention study with
RPE of electrode paste
plant workers

(n=18)

Individual differences
among coal
liquefaction workers
(n=5)

Exposure
route

Dermal

Inhalation

Inhalation
and
dermal

Exposure scenario

8h to 20 mg/m?3 bitumen
fume =
0.65 nug/m?3 pyrene

Two weeks 5 shifts*8h
exposure to 2.75 ug/m3
pyrene

4 shift*12h at work with

1.3 ug/m?3 pyrene.
+

96h off work.

Referenc

Walter &
Knecht
2007

e

Bentsen et

al, 1998

Quinlan et

al, 1995
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Results experiment 4: Average versus

interindividual differences (Quinlan et al, 2005)

* Week with 4 shifts of 12 h on work and 96 h off work
* Airborne concentrations were measured
» Black lines are experimental data, red broken line is predicted level

0.25 —

0.20 \
[

0.15

0.10 - |

1-OHP in urine (umol/L)
"T)
g,
< C’.Q;::i_g _

Time (h)

w——s= Simulated —&— E1 —0—: E2 —— E3

B E6 * E7 Average
. Inc Dermal exposure was not measured and set at zero in simulation ¥



Conclusions on quality/accuracy of PBTK-
prediction of levels of pyrene metabolites in urine

* Accuracy

— Estimated level is within the boundaries of interindividual
differences

* Limitations
— Simplified physiological structure

— Metabolism in liver only

— Sensitivity tests shows strong dependancy of the
parameters of hepatic in vitro metabolism kinetics

. IndusTox



What are the differences between this
PBTK-model and other PBTK-models?

* GENERIC MODEL

— Partitioning in the body of the chemical/metabolite is
estimated by algorithms, thus model can be used for
multiple volatile and semi-volatile chemicals

 WIDELY AVAILABLE SOFTWARE

— The software application is running in EXCEL, a software
platform that is widely available

. IndusTox



Suggested application domain of this
PBTK-model IndusChemFate

" Pyrene/PAH

. IndusTox

v

Fine-tuning of urine sampling program

v' Assessment of blood and urine levels when air concentrations are

known

v' Assessment of contribution of dermal uptake to body burden

v

v

v

Other volatile and semi-volatile chemicals

A priori (= 1st tier) estimation of concentration in blood and/or in
urine and/or in exhaled air concentrations after exposure

Screening of absorpion and fate of data-poor substances in
human body

Education of students to understand toxicokinetics of chemicals
in human body



Where to get more info?

 Download EXCEL-application file and user manual
from:
— Website CEFIC LRI, on page IndusChemFate
http://www.cefic-Iri.org/Iri-toolbox/induschemfate

- The software application is free of charge
* Info on www.industox.nl
* Two papers are submitted
e Ask for a live-demonstration in lobby of AIRMON

. IndusTox



http://www.cefic-lri.org/lri-toolbox/induschemfate
http://www.cefic-lri.org/lri-toolbox/induschemfate
http://www.cefic-lri.org/lri-toolbox/induschemfate
http://www.cefic-lri.org/lri-toolbox/induschemfate
http://www.cefic-lri.org/lri-toolbox/induschemfate
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Any questions?
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