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Why we need a Dynamic Bile Salt Model
Human Physiology

coordinated Biliary-GI tract motility

 Benefit for PBPK modelling

 Inform in vivo study design-

sampling

 Contribute to better understanding 

of human physiology

 No additional inputs from users
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Dynamic Mechanistic modelling

Current situation

Riethorst et al 2015

Khalaf et al 2018

luminal fluid bile salt conc. in a given gut region is FIXED in a given subject 

In vivo studies

Current PBPK Models

Fasting

Peeters et al 1980

N=100

40-70% ejection fraction 

within 30 min
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Why we need a Dynamic Bile Salt Model

Gallbladder (GB) motility profiles are not the same per IMMC per individual

Marzio et al., 1988
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- GB emptying depends on origin of IMMC
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Converting %GBV vs %IMMC to actual GBV (mL) 

and IMMC (h), intra- and inter-subject variability 

can be obtained

Stolk et al., 1993

Antrum Duodenum
In house meta-analysis (manuscript in preparation)

 Mean ±SD for the duration of IMMC based on origin

 Probability of the IMMC starting from different origin

Luiking et al 2002

Tompson et al 1980
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Why we need a Dynamic Bile Salt Model

In-house meta-analysis (manuscript in preparation)

 Transition from fed to fasted state and vice versa

Portincasa et al 2003 
Portincasa et al 1994 

 Effect of high and low fat meal on postprandial GB residual volume & the duration of emptying phase should be accounted for

kcal from fat ≥ 40%

Tem (h)

Low-fat High-fat

Total N 23 183

Weighted mean 0.614 1.069

Tem = duration of emptying phase

Marciani et al 2013

In vivo (an example) kcal from fat < 40%

GB Filling Rate vs. Emptying Rate Constant
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Fasted Fed

V18- Advanced Dynamic Bile Salt Model (ADBSM)

Absorption kinetics of Bile Salts
(perfusion studies in humans)

Jejunum I-II Ileum I-IV

Colon

(Krag et al 1974)

(Krag et al 1974)

Mekhjian et al 1979
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V18- ADBSM - On Screen additions
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V18- ADBSM-Outputs (Healthy Volunteer Population Representative)

 ADBSM requires accurate fluid 

volumes because otherwise 

the BS concs. won’t be correct

 The impact of the ADBSM for 

PBPK modelling of oral 

absorption is under 

investigation 
Meal

Boxplot of Fig. 2b 

fasted data in 

Riethorst et al 2015

Fig. 2b in Riethorst 

et al 2015
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 ADBSM is used for EHR of 

drug(s) 
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Future Work …

 Add a mechanistic hepatic model for the de novo synthesis 

and secretion of bile salts (Matlab® code is partially 

developed)

 Exploit the already implemented regional bile salt uptake 

transporter abundances in the GI tract for individual bile salt 

uptake kinetics (requires Jmax and Km for each bile salt) 

 Negative feedback mechanism linking GI luminal bile salt 

concentration and hepatic synthesis-secretion rates

 Add a lag time to the Gallbladder emptying phase with 

respect to the IMMC phase at which a meal is administered

 Fully “connecting” IMMC phase, gastric and intestinal 

motility, and gallbladder kinetics etc. (covariate model)

E.øster-Jørgensen et al., 1992
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