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Abstract 
The induction of CYP1A2 by 2,3,7,8-tetrachlorodibenzo-;7-dioxin (TCDD) and the 

demonstration that CYPIA2 is responsible for hepatic TCDD sequestration suggest that both 
pharmacokinetic and pharmacodynamic events must be incorporated for a quantitative description 
of TCDD disposition. In this paper, a biologically-based pharmacodynamic (BBPD) model was 
developed to describe the time-dependent increase in TCDD-induced cytochrome P-450 protein 
expression and associated enzymatic activities in multiple target tissues (liver, lungs, kidneys and 
skin) by incorporating a time-delay in CYP1A1/IA2 protein expression. This BBPD model 
illustrates that a similar mechanism for the time-dependent increase in TCDD-induced CYPlAl 
protein expression and associated EROD activity exists in multiple target tissues. In addition, this 
BBPD model quantitatively describes the time-dependent effects of TCDD on induced 
CYPl A1/1A2 protein expression and associated enzyme activities in multiple target tissues for the 
first time and provides further confirmation of the potential use of PBPK/BBPD models in 
exposure analysis and risk assessment. 
Introduction 

Physiologically-based pharmacokinetic (PBPK) and biologically-based pharmacodynamic 
(BBPD) models serve as state-of-the-art prototypes for interspecies extrapolations employed in risk 
assessment'). Previous pharmacodynamic models for TCDD have focused on TCDD-induced 
responses in liver'"9). In this paper, a BBPD model was developed to analyze the effects of TCDD 
on cytochrome P-450 protein expression and associated enzyme activity in multiple target tissues 
(liver, lungs, skin and kidneys) for TCDD-mediated toxicity and biochemical responses'^) in 
female Sprague-Dawley rats dosed orally with 10 ng TCDD/kg after 30 min, 1, 3, 8 or 24 hours or 
7, 14 or 35 days. 
Experimental Methods 

Chemicals 2,3,7,8-Tetrachloro[l,6-3H]dibenzo-p-dioxin and unlabeled TCDD were obtained 
from commercial sources as described''). 
Treatment and tissue isolation Eight week-old female Sprague-Dawley rats were 
administered a single oral dose of either a com oil solution containing 10 ng [^HJTCDD/kg body 
weight (bw) or com oil vehicle alone at 5 ml/kg bw"). At 30 min, 1, 3, 8 or 24 hr or 7, 14 or 35 
days after dosing, rats were euthanized by CO2 asphyxiation. The liver, lungs, skin and kidneys 
were excised and stored at -80°C until usage. All data are represented as the mean ± standard 
deviation. 
CYPIAI/CYPIA2protein andenzvmaticassays The CYP I A l / C Y P l A2 protein 
concentrations and ethoxyresorufin 0-deethylase (EROD)/methoxyresorufin 0-demethylase 
(MROD) activities, were quantitated as described previously''). 
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Model development The PBPK model structure and associated mathematical expressions for 
TCDD in the female Sprague-Dawley rat were reported previously^). In this paper, the BBPD 
model structure for TCDD-induced cytochrome P-450 protein expression and associated enyzmatic 
activities in multiple target tissues was developed and linked to the existing PBPK model^). Model 
simulations were conducted using the SimuSolv® computer program (Dow Chemical Company, 
Midland, MI, Version 3.0). 
Results 
Time-dependent expression of CYPl Al/CYPl A2 proteins and associated enzymes n the liver. 

Figures 1 and 2 illustrate the time-dependent increase in TCDD-induced CYPlAl and 
CYPIA2 protein expression in the liver of female Sprague-Dawley rats treated with 10 |ig 
TCDD/kg'2). Based on the above data (Figures I & 2), a BBPD model was developed to analyze 
the time-dependent effects of TCDD on CYPlAl and CYPl A2 protein expression in the liver. The 
estimated parameter values are given in Table I. These parameters accurately simulated the time-
dependent effects of TCDD on CYPlAl protein expression in the liver using the BBPD model 
within the experimental error (Figure 1). The shape of Figure 2 illustrates that the parameters in 
Table 1 described the time-dependent increase in CYPl A2 protein expression in the liver up to 35 
days post exposure. 

Figures 3 shows the time-dependent effect.s of TCDD on EROD activity in the liver of 
female Sprague-Dawley rats exposed to 10 ng TCDD/kg. A time-dependent increase in TCDD-
induced EROD activity was observed (Figure 3). Seven days (168 hours) post TCDD-treatment, 
maximal TCDD-induced EROD activity was found in the liver. Figure 3 also demonstrates that the 
BBPD model accurately described the time-dependent increase in EROD activity in the liver post 
exposure to TCDD within the experimental error. Figure 4 shows the time-dependent effects of 
TCDD on MROD activity in the liver of female Sprague-Dawley rats exposed to 10 |ig TCDD/kg. 
A time-dependent increase in TCDD-induced MROD activity was observed (Figure 4). Fourteen 
days (336 hours) post TCDD-treatment, maximal TCDD-induced MROD activity was found, 
which remained elevated at 840 hours (35 days) after TCDD exposure. The shape of Figure 4 
illustrates that the parameters in Table I described the time-dependent increase in MROD activity in 
the liver up to 35 days post exposure within the experimental error. The BBPD model slightly 
under predicted the time for maximal MROD activity in the liver of female Sprague-Dawley rats. 
For example, the BBPD model simulated a maximal MROD activity appromately 7 days after 
exposure to a single oral dose of TCDD. However, the experimental data suggests that maximal 
TCDD-induced MROD activity was obtained 14 days after exposure lo a single oral dose of 
TCDD. 
Time-dependent expression of CYPl A1 protein and EROD activity in extrahepatic tissues. 

Figure 3 shows the time-dependent effects of TCDD on EROD activity in the lungs, 
kidneys, and skin of female Sprague-Dawley rats exposed to 10 ng TCDD/kg. In all tissues 
examined, a time-dependent increase in TCDD-induced EROD activity was observed (Figure 3). 
Seven days (168 hours) post TCDD-treatment, maximal TCDD-induced EROD activity was found 
in all tissues. Based on the above data (Figure 3), the BBPD model was also used to simulate the 
time-dependent increase in EROD activity in extrahepatic tissues. Figure 3 demonstrates that the 
BBPD model accurately described the time-dependent increase in EROD activity in the lungs, 
kidneys and skin post exposure to TCDD. The linear coefficient (Table I) between EROD and 
CYPlAl obtained from the liver was then employed to estimate the CYPlAl concentration in the 
extrahepatic tissues. The results are shown in Figure 1. The BBPD model predicts that TCDD 
causes a similar time-dependent increase in CYPlAl protein expression in the lungs, kidneys and 
skin as in the liver (Figure 1). 
Discussion 

The ability of TCDD to induce CYPl A2, the putative TCDD-binding protein, appears to be 
the mechanism for maintenance of high concentrations of TCDD in the liver, suggesting that both 
pharmacokinetic and pharmacodynamic events must be incorporated for a quantitative description 
of TCDD disposition. Since the induction of CYPl A2 influences the tissue disposition of TCDD, 
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a BBPD model combined with a PBPK model^) is necessary for a quantitative de.scription of both 
TCDD tissue disposition and TCDD-induced biochemical responses. The BBPD model was 
developed based on the AhR-mediated cytochrome P-450 protein expression and associated 
enzyme induction in the liver by TCDD. Due to the time-dependent process of TCDD:AhR 
complex formation and subsequent gene activation, this BBPD model incorporated a time delay in 
protein expression. This BBPD model differs from the previous PBPK/BBPD response model^), 
since it describes the time-course effects of TCDD on CYPl Al/CYPl A2 protein expression and 
associated enzymatic activities in multiple tissues (Figures 1-4). The parameter values obtained 
from the present study (Table I) accurately described the time-dependent effects of TCDD on 
CYPlAl/CYPl A2 dependent enzymatic activities (or CYPl Al/CYPl A2 protein concentration) 
(Figures 1-4) without any change in the PBPK model^) for the time-dependent tissue disposition of 
TCDD (data not shown). 
Summary. 

This BBPD model quantitatively describes the time-dependent effects of TCDD on induced 
CYPIAI/CYPI A2 protein expression and associated enzyme activities for the first time in multiple 
target tissues and provides further confirmation of the potential use of PBPK/BBPD models in 
exposure analysis and risk assessment. 
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Table 1. Results of Parameter Estimation 

Model parameters 
Liver Weight (g) 
Lungs Weight (g) 
Skin Weight (g) 
Kidneys Weight (g) 

CYP1A2« 
Basal ConcentraUon (nmole/g) 

Degradation rate (hr' ') 
Maximum induction fold for CYPl A2 
TCDD:Ah:DNA to induce CYPl A2 
(nM) 
TCDD:CYPlA2(nM) 
Hill coefficient 
# compartments to simulate delay 
Holding time for delay (hr) 

C Y P l A l ^ 
TCDD:Ah:DNA (CYPlAl) (nM) 
Hill coefficient (nM) 
Linear coefficient between EROD & 
CYPlAl (ERODactivity/CYPIAl 
protein) 
# companmcnt.s to simulate delay 
Holding time for delay (hr) 

EROD activity^ 
Basal EROD activity (liver) 
Basal EROD activity (lungs) 
Basal EROD activity (kidneys) 
Basal EROD activity (skin) 

Degradation rate (hr"') 
Maximum EROD induction rate 
(aciivily/hr) in the liver 
Maximum EROD induction rate 
(aclivjly/hr) in the lungs 
Maximum EROD induction rate 
(activity/hr) in the kidneys 
Maximum EROD induction rate 
(aclivity/hr) in the skin 

MROD^ 
Basal activity (liver) 
Synthesis rate (aclivity/hr) 

Degradation rate (hr' ') 
AhR 
TCDD.AhR (nM) 

Values 
9.05 
0.81 
45.80 
1.64 

1.6 
0.1 

600.0 
130.0 

35. 
0.6 
3 
2 

10 
J 
1500 

3 
2 (Li) 
' (Lg) 
KK) 
0.2 (S) 

270.6 
6.72 
141.1 
0.2 
0.04 

900 

500 

8000 

22000 

58.6 
0.01 
0.004 

0.1 

Parameter estimation 
measured 
measured 
measured 
measured 

reference 9 
reference 9 

reference 9 
reference 9 

reference 9 
reference 9 
Estimated from BBPD 
Estimated from BBPD 

reference 9 
reference 9 
Estimated from BBPD model 

Estimated from BBPD 
Estimated from BBPD 

Constitutive EROD activity 
Constitutive EROD activity 
Constitutive EROD activity 
Constitutive EROD activity 
Estimated from BBPD model 

Estimated from BBPD model 

Estimated from BBPD model 

Estimated from BBPD model 

Estimated from BBPD model 

Constitutive MROD activity 
Estimated from BBPD model 
Estimated from BBPD model 

reference 9 

''Optical dcnsity/|a.g microsomal protein, "pmoles/min/mg microsomal protein. 
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Figure 1 
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Figure 1 Time-dependent effects of TCDD on CYP1A1 protein expression in tfie 
liver, lungs, kidneys and skin of female Sprague-Dawley rats treated witfi 10 ^9 
TCDD/kg with BBPD model simulation. All symbols were obtained from TCDD-treated 
animals as described in f^aterials and Methods section. Solid and broken lines were 
derived from the BBPD model simulation of the experimental data. Closed 
squares=hepatic CYP1A1 protein concentration. Data are presented as mean ± standard 
deviation (n=4-5). 
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Figure 2 Time-dependent effects of TCDD on CYP1A2 protein expression in the 
liver of female Sprague-Dawley rats treated with 10 (ig TCDD/kg with BBPD model 
simulation. All symbols were obtained from TCDD-treated animals as described in 
t^aterials and l^flethods section. The solid line was derived from the BBPD model 
simulation of the expenmental data. Closed squares=hepatic CYP1/\2 protein 
concentration. Data are presented as mean t standard deviation (n=4-5). 
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Figure 3 
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Figure 3. Time-dependent effects of TCDD on EFOD activity in the liver, lungs, 
kidneys and skin ot female Sprague-Dawley rats treated with 10 lag TCDD/kg with BBPD 
model simulation. ERGO activity determined from 0-35 days (A). EROD activity 
determined from 0-24 hours (B). All symbols were obtained from TCDD-treated 
animals as described in Materials and Methods section. Solid and broken lines were 
derived from the BBPD model simulation of the experimental data. Closed squares=EROD 
acuvdy in liver; open circles=EROD activity in kidneys; x=EROD activity in lungs and 
open dtamonds=EROD activity in skin. Data are presented as mean t standard deviation 
(0=4-5). 
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Figure 4. Time-dependent effects of TCDD on fiOTOD activity in the liver of female 
Sprague-Dawley rats treated with 10 ng TCDD/kg with BBPD model simulation. All 
symbols were obtained from TCDD-treated animals as described in Materials and 
Methods section. The solid line was derived from the BBPD model simulation of the 
experimental data. Closed squares=MROD activity in liver. Data are presented as mean 
z standard deviation (n=4-5). 

24 
ORGANOHALOGEN COMPOUNDS 

Vol. 34 (1997) 


