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In the absence of human-specific data, animal data have 
been used to establish a physiology-based pharmacokinetic 
(PBPK) model and to extrapolate findings from animals to 
humans. Kim et al. studied perfluorononanoic acid (PFNA) 
and perfluorodecanoic acid (PFDA), two perfluoroalkyl sub-
stances, and stated marked sex differences in humans, based 
on in the kinetics of the two substances in rats.

The publication deserves two major critics: (1) the struc-
tural model they have set up is not in conformity with the 
physiological processes for renal clearance—we show that 
based on the data reported in their publication; and (2) the 
allometric extrapolation from rats to humans does not take 
into consideration marked interspecies differences in the 
activity of kidney transporters, which preclude this extrapo-
lation step.

To point (1), when developing a PBPK model, the pro-
cesses for absorption, distribution and excretion have to be 
taken into consideration. With respect to modelling urinary 
excretion, Kim et al. exclusively account for glomerular fil-
tration and tubular reabsorption of PFNA and PFDA.

However, in female PFNA treated rats, the renal plasma 
clearance (CLren = 0.0265 L/day/kg) of the unbound fraction 
in plasma (fu) exceeds the glomerular filtration rate (GFR) 
or equivalently CLren > GFR × fu. We calculated CLren 
based on the reported values for dose, fraction excreted in 
urine and area under the plasma concentration time curve.

Hence, the PBPK model for PFNA needs to account for 
the process for tubular secretion, at least for the female rats, 
which the authors of the commented article did not.

Point (2) is the extrapolation of the transporter activity 
by simple allometric scaling. It is well known that kidney 
transporters may have pronounced species-specific expres-
sion and that some transporters are sex specific in rats, but 
not in other species, including man (Sabolic et al. 2011). For 
other perfluoroalkyl substances, like perfluorooctanesulfonic 
acid (PFOS) and perfluorooctanoic acid (PFOA), sex-spe-
cific renal clearance has been reported for rats (Harada et al. 
2005), involving OAT2 and OAT3. These anion transporters 
are not sex specific in humans (Sabolic et al. 2011). Hence, 
sex-specific differences in renal clearance do not directly 
translate from rats to humans. Indeed, sex had no significant 
impact on plasma half-life in humans, despite the described 
sex differences in rats for PFOS, PFOA, and also for per-
fluorohexanesulfonate (PFHS) (Harada et al. 2005; Olsen 
et al. 2007).

Insofar, it is scientifically not well supported to propose 
sex differences for the renal clearance of PFNA and PFDA 
in humans by simple extrapolation from rat data.

In conclusion, for a meaningful result in PBPK model-
ling, the underlying physiological processes have to be elu-
cidated before setting up a structural model. Considering 
known species differences in physiology precludes naïve 
extrapolation from animals to humans and helps to avoid 
wrong assumptions in risk assessment.
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