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Outline 
1.  Application scenarios of PBTK modeling  
2.  Example: Ethylene glycol ethyl ether 

(EGEE) 
•  Points to be discussed 

—  Generic PBTK model 
—  Pregnancy and the definition of HBM values 
—  Non-linear relationship between external 

exposure and internal exposure 

•  Proposal for HBM-1 value for EGEE, EGEEA 
and EGME (revisited) 
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Application of PBTK modeling in the 
derivation of HBM values 

•  Inter-species extrapolation for TK 
— e.g., NO(A)EL, TDI, ... 
— by prediction of systemic/target tissue exposure (dose, AUC, 

Cpeak) 

•  Prediction of the concentration in urine 
•  Prediction of intra-species UF(kinetic)  

—  inter-individual variability 
•  Assessment of critical subpopulations 

— children, pregnant women 

•  General insight by analyzing what-if scenarios 
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Example: Ethylene 
glycol ethyl ether 

(EGEE) 

Based on the PBTK model by Gargas et al, (2000)  and intra-species UF 
of Sweeney et al (2001) 
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•  CAS No 110-80-5, IUPAC name: 2-ethoxyethanol  

 
•  metabolized to 2-ethoxy-acetic acid (2-EAA)  and EG 
•  rat  

—  critical study: Doe 1984, developmental effects 
—  NOEL  50 ppm (6h/day on GD 6-15) 

•  human  
—  exposure data: Groeseneken et al, Br J Ind Med 1986;43:615-619  
—  extrapolation from rat to human (Sweeney et al Tox Sci 62 (2001), based on 

Gargas et al, Tox Appl Pharmacol 165, 2000) 
NAEL = 25 ppm (consequently, PBTK-based inter-species UF(TK) = 2) 
OEL = 2 ppm 

Ethylene glycol ethyl ether (EGEE)  
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Gargas et al (2000) 
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•  Only inhalation considered, no dermal absorption 

Model structure almost surely not consistent with implementation by Gargas et al.! 
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Validation on human data (Groeseneken et al, Br J Ind Med 1986) 

•   EGEE administered to group 1 
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Exposure protocol: 
4 repeated exposures of EGEE  
(50min exposure, 10min break) 
in male volunteers 
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Exposure of a female (58.6kg, Q_alv=5.4 L/min) to EGEE 

 NOEL=25ppm 

0 10 20 30 40
0

20

40

60

80

100

t [d]

EA
A 

re
na

l e
xc

re
tio

n 
ra

te
 [m

g/
d]

constant 6ppm (24h/d) 

intermittent exposure 
25ppm (8h/d,5d/w) 

fac =
8

24
· 5
7
=

5

21

predictions based on original Gargas model 

point for discussion: 
intra-individual  
variability and its  
consequences for 
HBM values 



Prof. Wilhelm Huisinga 8 

Exposure of a female (58.6kg, Q_alv=5.4 L/min) to EGEE 

 NOEL=25ppm 
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Uncertainty factors (Sweeney et al 2001) 

•  AF toxicodynamic 
—  inter-species = 2.5 (default) 
—  intra-species = 3.2 (default) 

•  AF toxicokinetic 
—  inter-species: not needed, since based on PBTK extrapolation rat-to-human 
—  intra-species = 1.8 (PBTK-based Monte Carlo analysis) 

•  Further AF (to be discussed). 
 
•  total AF = 14.4 = 2.5 * 3.2 * 1.8 
 
Note:  
—  default inter-species AF for TK = 4    vs. 2    = PBTK-based inter-species extrapolation 

factor (extrapolation of rat NOEL=50ppm to human NOAL=25ppm, Sweeney 2001) 
—  default intra-species AF for TK = 3.2 vs. 1.8 = PBTK-based intra-species UF for TK  
—  overall: default TK-AF = 4 *3.2 = 12.8 vs 3.6 = 2*1.8 = PBTK-based UF 
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Derivation of HBM values (1st proposal) 

•  intermittent exposure (8h/d, 5d/w): 25ppm 
•  constant exposure (24h/d): 6ppm 

•  resulting renal excretion of EAA: 73mg EAA/day  
•  total AF = 14.4 (Sweeney 2001) 

•  resulting HBM-1 value = renal excretion/UF = 5.1 mg EAA/day (in urine) 

•  HBM-1 value corresponds to 6ppm/14.4 = 0.4 ppm (24h/d) 
•  OEL according to Sweeney et al (2001) 25ppm/14 = 2 ppm (8h/d,5d/w) 
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Some points for 
discussion 
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Some points for discussion 

•  Generic PBTK model 
•  Pregnancy and the definition of HBM values 
•  Non-linear relationship between external exposure and internal 

exposure 
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Generic PBTK model 



Prof. Wilhelm Huisinga 14 

      illustration in Gargas et al           parameter values (human) 
 
 
 
 
 
 
 
 
 
 
 
 
 
•  Make use of established, more physiological representation in PK   
 
 

Gargas et al (2000) 
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Proposal:  
•  use this established generic PBPK model 
•  choose {hea,kid,spl,gut}=richly perfused, {mus,ski,bon} = slowly perfused 
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Generic PBTK prediction 

•  Allows to take into account details of study population for model validation 
•  Ex: exposure of EGME to 7 male volunteers (Groeseneken et al, 1989) 
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Generic PBTK prediction for EGME (Groeseneken et al, 1989) 

  

Groeseneken et al, Occup. Envir. Health 1989 

Exposure protocol: 
4 repeated exposures of EGME  
(50min exposure, 10min break) 
in male volunteers 
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Generic PBTK prediction for EGME (Groeseneken et al, 1989) 

  

Groeseneken et al, Occup. Envir. Health 1989 

Exposure protocol: 
4 repeated exposures of EGME  
(50min exposure, 10min break) 
in male volunteers 
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Pregnancy and the definition of 
HBM values 
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Pregnancy and the definition of HBM values 

•  How to deal with pregnancy within the concept of HBM values (in general life-
long exposition)? 

•  How to account for physiological changes during pregnancy? 
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Non-linear relationship between 
external and internal exposure 
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Increased conversion of EGEEA à EGEE at higher concentrations 
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 Exposure protocol: 
4 repeated exposures of EGEEA  
(50min exposure, 10min break) 
in male volunteers 

Groeseneken et al, Br J Ind Med 1987;44:309  
(p.315) 
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Generic PBTK prediction for EGEEA (Groeseneken et al, 1987) 
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4 repeated exposures of EGEEA  
(50min exposure, 10min break) 
in male volunteers 
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•  original Gargas parameters and 
individual covariates as in 
Groeseneken  

•  no nonlinearity metabolism 
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Resulting HBM-1 values 
for EGEE, EGEEA and 

EGME (revisited) 
 

based on rat NOELs and AF 
accounting for inter- and intra-

species differences 
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Generic PBTK prediction for EGEE: female (60kg, Qalv=5.5 L/min) 
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•  CAS No 111-15-9, IUPAC name: 2-Ethoxyethylacetat  

 
•  metabolized to EGEE via plasma esterases 
     à HBM-1 value for joint exposure to EGEEA and EGEE reasonable 
•  rat  

—  critical study: Doe 1984, developmental effects 
—  NOEL  50 ppm (6h/day on GD 6-15) 

•  human  
—  exposure data: Groeseneken et al, Br J Ind Med 1986;43:615-619  
—  extrapolation from rat to human (Gargas et al, Tox Appl Pharmacol 165, 2000) 
     NOAL = 25 ppm (blood AUC) or NOAL 40 ppm (Cmax blood) 
—  derivation by Sweeney et al Tox Sci 62 (2001) 
     OEL = 2 ppm, based on NOEL=25ppm 

Ethylene glycol ethyl ether acetate (EGEEA)  
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Generic PBTK prediction for EGEEA: female (60kg, Qalv=5.5 L/min) 
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•  CAS No 109-86-4, IUPAC name: 2-Methoxyethanol  

 
 
•  metabolized to 2-methoxy-acetic acid (2-MAA)  and EG 
•  rat  

—  critical study: Hanley et al EHP 1984, developmental effects 
—  NOEL  10 ppm (6h/day on GD 6-15)  

•  human  
—  exposure data: Groeseneken et al, Occup. Envir. Health 1989  
—  extrapolation from rat to human (Sweeney et al Tox Sci 62 (2001), based on 

Gargas et al, Tox Appl Pharmacol 165, 2000) 
NAEL = 12 ppm  

—  OEL = 0.9 ppm 

Ethylene glycol monomethyl ether (EGME)  
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Generic PBTK prediction for EGME: female (60kg, Qalv=5.5 L/min) 
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END 
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Comments  

EGEEA/EGEE (Gargas et al 2000) 
•  conversion of EGEEA to EGEE by blood esterases stated in Table 1 on p. 66 as 

Keec (L blood/h) = 2.3. This value does not allow to reproduce the results of 
Fig. 4 in human and is in contrast to the description of the PBTK model in the 
method section on p.65, left column (‘For human, this rate was scaled by body 
weight to the 0.74 power’). 

•  In the PBTK model, we extrapolated the rate with blood volume from rat to 
human, i.e., Keec(human) = 2.3 * Vblood(human)/Vblood(rat), since this 
appears to be more physiological. Scaling with BW gives the same values of  76 
mg EAA/day. 

EGME (simulations presented March 22nd, 2010) 
•  Simulations could only be reproduced for a male, 77kg and an average Qalv = 

19 L/h/kg BW^0.75, i.e, Qalv = 8.23, in addition to correctly account for the 
difference in MW between EGME and MAA. Prediction, however, were sought 
for a female (60kg) with Qalv = 15.3 L/h/kg BW^0.75, i.e, Qalv = 5.5. 

 
 


