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Abstract
Thereare ongoing to eval
exposure of humans to xenobiotic chemicals (eg: EU ESBIO; US
CDC NHANES; Canadian Health Measures Survey). The goal of
these projectsis to determine relative trends in exposure to
chemicals, across time and subpopulations. Duelolhelack of data,
thereisli xposure
concentrations, and asa resul, dlmcully in ullllzmg blomomlonng
data for biological g
be the most appropriate method to lacmlale lorward and reverse-
dosimetry enobiotic exp aidin i
of biomonitoring results. A tiered approach of simple, arithmetic
pharmacokinetic (PK) models, as well as more standardized PBPK
models, would promote the use of human biomonitoring data in the
(BGVS)

The output of these evaluations wil be potentially useful in setting
hazard/exposure criteria, such asthe Derived No- Effect Level values
under the EU REACH program. In this project, three types of PK
and PBPK models will be developed, utilizing the MEGen model
generation application. QSAR estimations of chemical-specific
parameters will be included, as well as accommodation of variations
in urine production. Estimates of variability in human physiology wil
also be incorporated, to allow for Monte Carlo analysis of biomarker
level concentrations. Validation of each of the model

Program Goal
Build a tiered sel ol modeling tools
allowing rel of human ing data

validated with data for several biomarkers

Tools will b ped that nd
Microsoft-Excel interface for PK and PBPK models
Outline of base PBPK models with MeGEN application
QSAR derivations of Vd and bloodissue PCs
Inclusion of bladder compartment to account for micturition
Reverse dosimetry “lookups' for PBPK tools
Inclusion of Monte-Carlo simulations of population variance

Tier 1.
Excel-based PK model
Screening tool for estimates of exposures
Tier 2
Differential-equation based PBPK model

Core model from T\er 2
Biomarker d lati

be conducted with published datasets of representative biomarkers.
Projectsponsored by the Long+ange Research nitiative Program of
the European Chemical Industry Council (Cefic)

Reference pnysmmgy Vatuosfrom PopGen or P3M
Crystal-Ball can be used for Monte-Carlo analysis

Background

Risk assessmentsfor chemicals based on known exposure level
measured in workplace (BAT, BEl)

passive dosimetry

biomonitoring
population exposures

biomonitoring programs

(ESBIO, US CDC, Health Canada)

tic models to

data
correlate biomarker levels with exposure
Simple PK model

Complex PBPK model

Parameters required for kinetic models
Chemical-independent
PK model
urine/creatinine production rates
PBPK models:
urine/creatinine production rates
relative cardiac output to organs
relative body weight of organs

Chemical-dependent
PK model
absorption/elimination rates
volume of distribution (blood only)

Vdg = (ZV, * Pyp) + (Ve *EP) +V,

a5 per Poulin and Thail (2
PBPK models:
absorption/elimination rates
metabolism rate(s)
blood:tissue partition coefficients

P (Ko ® Vot 03V, + (1*V, +
(Kot Vot 03 V) + (L*V,

User Interface for Excel-based Tier-1 Biomonitoring Model
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Tier-1 Model: Comparison of predicted vs. actual biomarker levels
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Output of Modeling tools

Tier 1 irect
calculation of
Dase 41% dose from
(o * FrocAs) * ) biomarker level
attime tafter
exposure
Tier 2
eyt Day2 ey paya  Multiple model
Dose > _Urine level Urine level Urine Ievel Urine level  'UNs at various
1 500 oo1zs  doses. .
2 0150 00750 00375 00188 Dose "lookup’
3 0200 0100 00500 00250 from array of
4 0220 0110 00550 00275 hiomarker conc.
5 0250 0125 00625 00313 vs. time
6 0280 0140 00700 0030
7 0300 0150 00750 00375
8 0350 0175 00875  ooas:
9 0400 0200 0100 00500
10 0500 0250 0125 00625
Tier 3:

Multiple model
Tuns at various
doses + multiple
Monte-Carlo runs
at each dose.
Dose range
“lookup” from
array of
biomarker conc.
vs. time

Future Model Development Plans

Tier-2 Model: Additional parameters required
If biomarker = parent compound
parent compound

Tier-1Model Assumptions: Impagt of absorption rate (Kans)

QSAR-derived Partition Coefficients
Extended QSAR for prediction of Kogyaer oM Kocorwater

Datasets (=113 compounds)
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inhalation
Maximal calcuiated error over
015hr 47-52fold

0520hr 17-19fold
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Time (hours)
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1.0 r Abs 12
20 hr Abs 12
—30 Abs12
—50 AbstL2

metabolic rate constant (Km/Vimax) for loss of parent compound
renal elimination rate for parent compound

If biomarker = metabolite
metabolic rate constant (Km/Vmax) for parent -> biomarker
tissue:blood partition coefficients for biomarker metabolite
renal elimination rate for biomarker metabolite

Tier-3Model: Additional parameters required
variation in all compound-independent and -dependent
parameters

summary
- A program of tiered modeling tools has been developed for
interpretation of human biomonitoring data
- Specific toolswill be standardized and accessible via
a user-friendly interface
- Minimal data is required for the simple PK tool
- Additional parameters, needed for Tier-2 PBPK tool, should
d d

p
- Estimates of variation in biomarker concentrations
across population can be conducted, via Monte-Carlo
analysis with the Tier-3 modeling tool
Is should Tisk f
chemicalsthat are based on biomonitoring data




