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The human bile

Carey and Duane: The liver, 3rd edition



Bile acids / salts
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Y. Meier et al., Eur J Clin Pharmacol 61, 135, 2005

Drug induced liver injury

Swedish study: almost 50% of DILI cases were cholestatic or mixed 

(Björnsson & Olssson 2005 Hepatology) 

cholestatic

mixed

hepatocellular

~30% cholestatic or mixed



Human BSEP VT – a HT screening tool

Morgan 2010 Tox Sci

„Of particular interest are the compounds with an IC50 value of  

<25 uM...almost all compounds with this level of potency for BSEP 

interference are associated with liver injury in humans”



Inhibition of transport of endobiotics

Transport 
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Plasma levels of 

sulfates in cynos

Thakare 2017 DMD



Effect of rifampicin on plasma levels of 

phase II conjugates of bile acids/salts

Takehara 2017 Pharm Res



Kinetics of transport – sulfates, glucuronides

Takehara 2017 Pharm Res



Assay systems to study 

bile salt - transporter interaction
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Cellular uptake – influx  / 

uptake / SLC transporters
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BSEP/Bsep vs BSEP/Bsep-HAM –

species specificity
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Cholesterol loading increases activity of BSEP –

development of high activity membranes (HAM) 

Kis 2009 DMD



BSEP/Bsep vs BSEP/Bsep-HAM –

Eadie-Hofstee plots

BSEP mBsep

rBsep

Kis 2009 DMD



BSEP membranes – CsA inhibition

Origin Signal/noise
(ATP+/ATP-)

IC50 for reference 
inhibitor (mM)

SB-BSEP-HEK293 Mammalian 40.00 0.07

SB-BSEP-Sf9 Insect 8.86 0.16

SB-BSEP-Hi5 Insect 11.64 0.27

Inhibition of taurocholate accumulation into BSEP

 expressing membrane vesicles by Cyclosporin A
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Bile acids/salts

TC 3S-GLC

CDC GCDC

3S-CDC

TCDC



Glycholithocholic acid-sulfate – effect on 

bile flow, morphology

Yousef 1981 Gastroenterology



Screening strategy

• Feasibility screen 

(2 concentrations, 2 timepoints)

• Time course

• Kinetics



OATP1B1 - feasibility



OATP1B1 – time courses



OATP1B1 - kinetics
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HEAT map – human transporters

The boxes in red indicate POC folds >4, the boxes in orange indicate 
POC folds 4>fold>2.5, the boxes in yellow indicate POC folds 
2.5>fold>1.5, and the boxes in blue indicate no transport.
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BSEP – time courses for 

human and rat
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BSEP – kinetics for human 

and rat
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Bile salt substrate profiling –

Efflux transporters



Bile salt substrate profiling –

Influx transporters
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Bile salt substrate profiling –

Influx transporters
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NTCP OATP1A2 OATP1B1 OATP1B3 BSEP

CDC

GCDC

3S-CDC

3S-GCDC

rNtcp rOatp1a1 rOatp1a4 rOatp1b2 rBsep

CDC

GCDC

3S-CDC

3S-GCDC

The boxes in red indicate an average POC folds >4, the boxes in orange 
indicate an average POC folds 4>fold>2.5, the boxes in yellow indicate an 

average POC folds 2.5>fold>1.5, and the boxes in blue indicate no transport

Heat map based on uptake ratios - human 

and rat transporters



Expression of transporters in 

human hepatocytes

Schaefer 2012 DMD

Sandwich cultured human hepatocytes

Closed squares: n = 2 or 3; open squares n = 1



Human hepatic bile salt transport
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Sulfated conjugates in the focus

Morgan 2010 Tox Sci

“In fact, conjugates of bile acids represented 4 of 

the 12 metabolites significantly associated with 

OATP1B1 genetic variants. These conjugates also 

increased following administration of CSA.”

Yee 2016 CPT



Regulation

Alferai 2007 Pharm Res Dawson 2009 JLR 



FIC1 deficiency
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cholestatic:          ALT/AP < 2N

mixed:             2N< ALT/AP < 5N

hepatocellular: ALT/AP > 5N

(Classification according to CIOMS)

Y. Meier et al., Eur J Clin Pharmacol 61, 135, 2005

Drug induced liver injury

30%

Swedish study: almost 50% of DILI cases were cholestatic or mixed 

(Björnsson & Olssson 2005 Hepatology) 



Bile salt transport

Dawson 

2009 JLR



Bas/BSs in human and rodent liver and serum

Garcia-Canaveras

2012 JLR



Human

CDCA:CA=1:1

G:T=2-3.7:1
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Composition of the BA/BS pool in 

human and rat liver and serum
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The boxes in red indicate an average POC folds >4, the boxes in orange 
indicate an average POC folds 4>fold>2.5, the boxes in yellow indicate an 

average POC folds 2.5>fold>1.5, and the boxes in blue indicate no transport
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Heat map based on uptake ratios - human 

and rat transporters
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Heat map based on Km - human and rat 
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Inhibition profiling of human rat and 

monkey OATPs/Oatps
OATP
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• Atorvastatin

• CCK8

• Diclofenac

• NMQ

• Pravastatin

• Taxol

• Telmisartan

• Troglitazone

Substrate: taurocholate


