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• The pediatric and elderly populations require special considerations in risk assessment since 
they can exhibit increased or decreased sensitivity to the toxic actions of xenobiotics when 
compared to adults. The difference in sensitivity may be due to age-dependent changes in 
physiological (e.g., body weight, cardiac output, and ventilation rate) and chemical-specific 
parameters (e.g., metabolism and tissue:blood partition coefficients) that can significantly alter 
the pharmacokinetics of xenobiotics.

• Physiologically-based pharmacokinetic (PBPK) models represent valuable tools to describe 
the pharmacokinetics (absorption, distribution, metabolism, and elimination) of xenobiotics and 
can incorporate age-dependent changes in physiological and chemical-specific parameters.

• PBPK modeling of experimental animals represents an important anchor point  for correlating 
tissue dosimetry to the toxic effects of a particular chemical.
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• To assemble available information on age-dependent
differences in physiological and chemical-specific 
parameters for the Sprague Dawley rat.

• To incorporate age-appropriate parameters into a
PBPK model for evaluating how predicted internal 
dosimetry of VOCs might change across different 
lifestages of the Sprague Dawley rat.

• To identify the critical physiological and chemical-
specific parameters responsible for the age-dependent 
differences in tissue dosimetry.
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Volatile Organic Compounds (VOCs)
• Produced in high volume every year

• Used as paint thinners, dry cleaning solvents, and synthetic intermediates  

• High vapor pressure to significantly enter the atmosphere

• Common soil and water contaminants

• Varying lipophilicity – Can easily cross cellular membranes including blood brain barrier

• Implicated in several toxicities: developmental, carcinogenesis, and CNS depression

The  PBPK model proposed by Ramsey and Andersen (8) 
was adapted and parametized according to age-dependent 
differences:
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Physiological Parameters:
Cardiac output (CO), alveolar ventilation rate, and tissue volumes were scaled 
to body weight (BW).

Adult and Aged: Cardiac output (CO), fractional blood flows, and tissue 
volumes for a 187 and 438g 344 Fisher rat were taken from Delp et al. (1) and 
used to simulate a 200 (adult) and 450g (aged) Sprague Dawley rat, 
respectively. 

PND10: CO for postnatal day 10 (PND10) was estimated by plotting CO 
versus BW and analyzing by nonlinear regression for fit to the equation 
CO=COmax*BW/(BW50+BW) (Graphpad Prism, San Diego, CA). Fractional 
blood flows were taken from Stulcova (2) and assumed to be the same as 
PND9.Ventilation rate was assumed to be equal to CO and supported by a 
report by Bandla et al. (3).

Chemical-Specific Parameters:
Tissue:blood partition coefficients: partition coefficients corresponding to 
PND10, adult (60 days old), and aged (22 months old) Sprague Dawley 
ratswere taken from Mahle et al. (4).

Metabolism: In vivo metabolic parameters (Km and Vmax) for methylene 
chloride, chloroform, trichloroethylene, and perchloroethylene for a standard 
adult rat were taken from Gargas et al. (5), and those for benzene and 
Methyl ethyl ketone were taken from Medinsky et al. (6) and Thrall et al. (7), 
respectively. Vmax values were adjusted for age-dependent differences in 
CYP2E1 activity according to the literature.
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Venous Concentration of VOCs After 
a 500 ppm Exposure for 6 Hours

252124Methylene Chloride

5643125Methyl ethyl ketone

292931Chloroform

111015Benzene

212233Trichloroethylene

263041Perchloroethylene

CVmax
(Aged)

CVmax
(Adult)

CVmax 
(PND10)

Predicted Peak Venous Concentrations of VOCs
After a 500 ppm Exposure for 6 Hours

0

20

40

60

80

100

120

140

P
N

D
10

A
du

lt

ag
ed

P
N

D
10

A
du

lt

ag
ed

P
N

D
10

A
du

lt

ag
ed

P
N

D
10

A
du

lt

ag
ed

P
N

D
10

A
du

lt

ag
ed

P
N

D
10

A
du

lt

ag
ed

C
V

 (s
te

ad
y 

st
at

e)

BENZENE

CHLOROFORM

METHYLENE CHLORIDE

METHYLETHYLKETONE

PERCHLOROETHYLENE

TRICHLOROETHYLENE

Predicted Steady State Venous Concentrations of VOCs

Sensitivity Analysis of Venous Concentration of Perchloroethylene at 6 hours in 
Adult Rats After a 500 ppm Exposure for 6 Hours

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

vr
c

vs
c

vf
c

vl
c

  v
b

rc

vk
c

  
qc

i

q
pi

  
qs

c

  
qf

c

ql
c

qb
rc

q
kc bw   p

r

  
ps  p

f

  
pl

 p
b

r

p
b

  p
k

kf
c

  
qg

c

 v
gc

S
en

si
tiv

ity
 c

o
ef

fic
ie

n
t

Venous 
Concentration

Aged versus Adult

PB VF QF

PND10 versus Adult

Metabolism QPI PBVenous 
Concentration

• Age-dependent differences in physiological and chemical-
specific parameters can result in significant differences in the
pharmacokinetics of VOCs.

• Analysis of other dose metrics will be performed 

• The results of this study will be published.

• Age-dependent differences will be incorporated
in the study of other xenobiotics of toxicological interest,
particularly perfluorinated compounds which reportedly
exhibit early life toxicity.

• The difference in the dose metric observed at 6 hr versus steady state 
achieved with repeated daily exposures may have significant implications on 
the interpretation of dosimetry in toxicity studies. In particular, on a single 
day PND10 rats are predicted to achieve steady state levels faster compared to 
the adult and aged rat.  However, it is uncertain if the young animal 
approximate steady state with repeated exposures due to more rapid clearance 
than the adults and aged.

• Toxicity studies conducted during early life are currently 
analyzed only for the maternal exposure.  These modeling 
efforts begin to predict how dosimetry changes across age 
and evaluate the potential impact of dose-response 
analyses using age-appropriate dosimetry.
• These analyses found relatively small differences in
average daily steady state area under the curve (AUC), 
except for methyl ethyl ketone, while peak concentration 
at the end of 6 hour exposures were more variable, with 
pnd10 rats having the highest predicted blood 
concentrations.

VOCs examined in this study:
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* Based upon fat:air partition coefficients measured in adult Sprague Dawley rats as reported by Mahley et al. (5).
** Based upon water or saline solubility as reported by Poulin et al.(1).
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