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& &Determinants of Bioavailability
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& &fa - Compartmental Absorption and Transit (CAT)

Yu et al. 1998
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Model Parameters:

Gastric Residence Time,

Small Intestine Transit Time,

Small Intestine Radius,

Effective Permeability.

Sex, Age, Food, Ethnicity, 
Disease, …



& &Inter-individual Variability in Intestinal Transit Time
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& &Influence of Inter-individual Variability on fa

fa vs R and Tsi (Peff=0.5 cm/h)
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Predefined Population Libraries: Faster Transit 

Coeliac Patients: Reduced Transit Time Compared to Healthy Population 
Enalapril (Peff = 0.22 10-4 cm/s) Fluvastatin (Peff = 2.81 10-4 cm/s)

Enalapril and Fluvastatin: 20 Virtual Trials 
(6 Individuals Randomly Selected for Each Trial from a Population of 1000 )
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& &Various Sources of In Vitro Permeability Data

Cell-based Systems Caco-2; MDCK ; etc.
Non-cell-based Systems PAMPA ; etc.
To account for lab to lab variation of Caco-2 and MDCK:
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where 

[PMeasured] = permeability values of the test and the calibrator 
compounds from the user’s Caco-2/MDCK system

[PCalibrator (Sun 2002)] = permeability reported for the calibrator compound in 
the reference system (i.e. Sun et al 2002).
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High CLuint: FGut → 0

Low CLuint: FGut → 1
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Yang et al. Br J Clin Pharmacol 2001, 52: 472-473
Rostami-Hodjegan A and Tucker GT. Hepatology 2002 35: 1549-50

fuGut: Fraction of drug unbound within the enterocyte (= fuB; fu; >fu; 1)

FG - Combining metabolism and permeability

QGut: Exposure to gut enzymes determined by enterocytic permeability and 
enterocytic blood flow

CLuint Gut: CLuint(3A) x 3A gut abundance (70,000 pmol) J. Yang et al. (2004), CPT 76:391 
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& &

Genetics & Ethnicity 
(3A5*1 vs 3A5*3 population frequency in Black vs Caucasians)

Environment & Food 
(Grapefruit juice, cruciferous vegetables, St. John’s wort …)

Disease and Concomitant Drug Intake
(Coeliac, ketoconazole, rifampicine, …)

Inter-individual Variability in Metabolism
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& &Activity per Unit of CYP3A: Small Intestine vs Liver

J. Yang et al. (2004), CPT 76:391  [using data from von Richter et al. 2004]

kcat=1.4 ± 0.7 pmol/min/pmol CYP kcat=1.2 ± 0.9 pmol/min/pmol CYP

(p=0.20)
Vmax (pmol/min/mg protein)

kcat (pmol/min/pmol CYP) = 
CYP content (pmol CYP/mg protein)

Also see Galetin et al. (2006) DMD (in press, Fast Forward)



& &FH: Unresolved Issues of Time-Dependent Binding 
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& &Haematocrit & fuB

fuB=
fu
CB/Cp

Min (CB/Cp) = 1- Hematocrit

Max (CB/Cp) = ∞

Covariation of Hc:

Sex: - Female Individual characteristics: - Athletes

Age: - Children

Environment: - High Altitude
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& &Implications of time-dependent displacement:

First pass vs subsequent passes through the liver
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Example:

Valproic acid displaced by ibuprofen

Observed in vivo/spiked
Dasgupta and Volk, 
TDM 1996;18:284

– Predicted 2-site model

Examples of other successful predictions: 
Phenytoin displaced by ibuprofen
Phenytoin displaced by naproxen 
Valproic acid displaced by naproxen
Valproic acid displaced by diflunisal



& &

Dasgupta and Volk, Ther Drug Monit 1996; 18: 284 In vivo/spiked
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Other Examples for Valproate:

Diflunisal concentrations (μM)
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Addison et al. Eur J Clin Pharmacol 2000; 56:715

Low dose sodium valproate (200 mg x 2); 169 μM 
&

Moderate dose diflunisal (250 mg x 2); 226 μM

Diflunisal
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Dasgupta and Volk, Ther Drug Monit 1996;18:97 In vivo/spiked
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Bachmann et al. Br J Clin Pharmac 1986; 21: 165

Low dose phenytoin (300 mg ; Cav 11 μM)
&

Moderate dose ibuprofen (400 mg x 4 ; Css 100 μM)

Other Drugs: Displacement of Phenytoin



& &Incorporating into PK:

ibuprofen concentrations in the portal vein
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& &PKUK 2006 – Sheffield Marriott, UK, 

November 15th-17th 2006

The popular annual discussion group on the latest PK issues since early 80’s
Speakers and delegates from commercial and academic sites around the world

1) Contribution of Modelling to Clinical Pharmacology
2) Intracellular Pharmacokinetics
3) Systems Biology
4) Open Session

Registering NOW at www.pkuk.org.uk – oral and poster presentations are 
welcome
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