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‘HTTK’ R-Package Extended to Pregnancy

PBTK 1-Comp 3-Comp Maternal/Fetal PBTK 

Kapraun et al. 2019
Pearce et al. 2017a
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Representative Physiological 
Parameter Changes in the Mother

Maternal cardiac output Maternal kidney blood flow Maternal glomerular filtration rate

Maternal Body Weight

Placenta volume
Adipose tissue massMaternal plasma volume

Placental blood flow

Kapraun et al. (2019)
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Fetal Volume

Fetal blood flow 
through 
the placenta

Fetal liver mass Fetal kidney mass 

Amniotic fluid 
volume

Fetal blood flow 
through the 
ductus arteriosus

Kapraun et al. (2019)

Representative Physiological 
Parameter Changes in the Fetus
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Generic Gestational PBTK Model

Kapraun et al. (submitted)
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 Simplified partial schematic 
diagram illustrating effective 
blood flows in the vicinity of 
the fetal heart. 

Fetal Heart

Kapraun et al. (submitted)
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Adjusting Plasma Binding

 The fetal fraction unbound (𝑓𝑓upf ) 
is calculated from the maternal 
fraction unbound and the serum 
protein concentration ratio in 
infants vs. mothers based on 
Equation 6 of McNamara and 
Meiman (2019):

𝑓𝑓upf =
𝑓𝑓upm

𝑓𝑓upm +( �𝑃𝑃f 𝑃𝑃m)× 1−𝑓𝑓upm ,

Kapraun et al. (submitted)
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 Description of fetal physiology and the evolving fetal circulatory system in pregnancy 
PBPK models

 Temporal changes in maternal and fetal physiological parameters (e.g. body weight, 
blood flow rate, and compartment volumes) informed by the most current human 
experimental data available

 Designed to simulate ADME in mother and fetus from 13 weeks gestation to term.

 Placental/fetal transfer is described using partition coefficients which might be sufficient 
for many chemicals 

 Accommodates analysis (IVIVE/forward/reverse dosimetry) for >900 chemicals

Maternal/Fetal HTTK Model: 
Features
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 Changes in maternal metabolic enzyme expression levels and activity 

 Changes in fetal metabolic enzyme expression levels and activity

 Changes in renal clearance capacities in fetus across gestational age

 Changes in plasma protein binding for both mom and fetus

 Placental metabolism contributions

 Placental barrier descriptions (permeability rate constants or active transporter 
function to determine extent of fetal exposure might be important for some 
chemicals)

Maternal/Fetal HTTK Model: 
Not Included
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Observed Maternal:Fetal Plasma Ratio

 Comparison between observed 
(Aylward et al., 2014) and predicted 
maternal-to-fetal plasma 
concentration ratios at birth. The 
identity line (solid) indicates a perfect 
(1:1) correspondence between 
predictions and observations. 

 For any one chemical there is a single 
prediction (x-value) but there are 
potentially multiple observations (y-
values). The median observation is 
plotted with a larger symbol, while the 
75% interval is depicted with a vertical 
line and outliers beyond that range are 
plotted with smaller symbols. 

Kapraun et al. (submitted)
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Predicted Maternal:Fetal Plasma Ratio

 Histogram of predicted 
maternal-to-fetal 
concentration ratios 
across the chemicals for 
which the HT-PBTK 
model can be 
parameterized 
(omitting volatile and 
PFAS compounds).

Kapraun et al. (submitted)
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HTTK Model Calibration and 
Evaluation

Volume of 
Distribution

Pearce et al. 2017b

 HTTK attempts to trade precision for 
broad applicability

 Goal is to make reasonable predictions for 
many chemicals rather than accurate 
predictions for a specific chemical

 We can statistically characterize the error 
in the predictions

 Data from Obach et al. (2008)
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Observed Tissue Partition Coefficients

 Fetal tissue-to-blood partition coefficients were 
determined by Curley et al. (1969) for six pesticides 
and seven tissues for which we can make 
predictions with the HT-PBTK model. 

 Partition coefficients were measured for tissues, 
including placenta, in vitro by Csanády et al. (2002)
for Bisphenol A and Daidzein. 

 Small plot points indicate model-predicted, rather 
than measured, partition coefficients from Weijs et 
al. (2013) for three of the Curley et al. (1969)
chemicals. 

 The identity line (solid) indicates a perfect (1:1) 
prediction while the dotted lines indicate a ten-fold 
error. 

Kapraun et al. (submitted)
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Observed Tissue Partition Coefficients
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Kapraun et al. (submitted)
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 Comparison of observed and predicted time-integrated plasma concentration (AUC) for the data in 
for non-pregnant (left) and pregnant (right) mothers across twelve pharmaceuticals (Data from 
Dallman et al., 2018). 

Observed Time Integrated Plasma 
Concentrations (AUC)

Kapraun et al. (submitted)
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Prioritizing chemicals detected in 
maternal plasma

 Wang et al. (2018) detected xenobiotic 
chemicals in the plasma of expectant 
mothers – here we prioritize those 
chemicals with respect to potential 
concentration in the fetal brain 

 Ordered from the top are those 
chemicals with the highest predicted 
fetal brain concentrations relative to 
maternal blood

 Estimated error(uncertainty) 
propagated using upper 95th percentiles

Kapraun et al. (submitted)
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Gestational Model Included in v2.1.0

R package “httk”
• Open source, transparent, and peer-

reviewed tools and data for high 
throughput toxicokinetics (httk)

• Available publicly for free statistical 
software R

• Allows in vitro-in vivo extrapolation 
(IVIVE) and physiologically-based 
toxicokinetics (PBTK)

• Human-specific data for 987 chemicals
• Described in Pearce et al. (2017)

https://CRAN.R-project.org/package=httk

https://cran.r-project.org/package=httk
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