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Hepatic drug transporters: Main 
actors of biliary drug secretion

and pharmacokinetics

For drugs, interactions with hepatic drug transporters have 
been extensively studied and well-characterized

What about environmental chemicals, to which humans
are largely exposed? Much less available data and 
studies than for drugs…

Aim of our studies: To characterize interactions of pollutants with hepatic drug transporters



Regulation of drug transporter activity/expression by pesticides

Pesticides belonging to various chemical classes can regulate hepatic drug transporter activity and/or expression

Organochlorine insecticides: Inhibition of in vitro hepatic transporter activity

Bucher at al, 2014 



Organochlorine insecticides: Regulation of hepatic transporter expression

PXR RXR

Chlordane

Organochlorine pesticides are agonists
of drug-sensing receptors like PXR

Up-regulation of MDR1 and MRP2 expression

Differentiated human hepatoma HepaRG cells exposed to 10 µM OC pesticides for 48 h

Bucher at al, 2014 



Pyrethroid insecticides: Inhibition of hepatic transporter activity

Allethrin Tetramethrin

Chedik at al, 2017



Allethrin and tetramethrin are potent inhibitors of OCT1, but are not substrates

Cis-inhibition

Lack of transport by OCT1

Lack of trans-stimulation

Chedik at al, 2017



Organophosphate insecticides: Inhibition of hepatic transporter activity
Chedik at al, 2019



Neonicotinoid insecticides: No or poor inhibition of hepatic transporter activity

Le Vée et al, 2019

Not all pesticides block hepatic transporter activities….



Regulation of hepatic drug transporter activity by bisphenols

Plasticizers Flame retardant

Bruyere at al, 2017



Regulation of hepatic drug transporter activity by heterocyclic aromatic amines (HAAs)

HAAs: carcinogenic chemicals found in grilled meat and cigarette smoke

Trp-P-1 and Trp-P-2 are potent inhibitors, but not substrates, of OCT1
Sayyed at al, 2019



Diesel exhaust particle : 
Hundreds of chemicals

Le Vée et al, 2015

Regulation of hepatic drug transporters by complex pollutant mixtures

Diesel exhaust particles: Inhibition of in vitro hepatic transporter activity

Single DEP components

ABC transporter activities

SLC transporter activities



Human hepatocytes were exposed to 25 µg/mL DEPe for 48 h

Le Vée et al, 2015

Effects of TCDD

Diesel exhaust particles: Regulation of hepatic transporter expresssion

TCDD and DEPe may share the same molecular mechanism
of regulation (The AhR pathway?)

HepaRG cells were exposed to 25 µg/mL DEPe for 48 h

Effects of DEPe and TCDD on hepatic transporters are strongly correlated



Cigarette smoke condensate (CSC): 
Hundreds of chemicals

Regulation of hepatic drug transporters by 
complex pollutant mixtures

Cigarette smoke: Inhibition of in vitro hepatic transporter activity

Hepatic SLC transporter activities

Sayyed at al, 2016

CSC components



Cigarette smoke: Inhibition of in vitro hepatic transporter activity

Hepatic canalicular ABC transporter activities

IC50 values for ABC transporters > IC50 values for SLC transporters



Cigarette smoke: Regulation
of hepatic transporter expresssion

HepaRG cells were exposed to 40 µg/mL CSC for 48 h

Transporter mRNA regulation

Transporter protein regulation

Sayyed at al, 2016



Cigarette smoke effects: Implication of the AhR pathway

CSC and TCDD effects are highly correlated

Effects of AhR silencing in HepaRG cells

Sayyed at al, 2016



Various environmental chemicals can regulate hepatic drug transporter activity and/or expression in 
in vitro system, bringing the proof of the concept of pollutants-hepatic transporter interactions

• For a single chemical, regulation of hepatic drug transporter activities and/or expression
usually requires chemical concentrations in the µM range, much higher than those occurring
in response to environmental exposure (in the pM or nM range): No expected in vivo
relevance for most of single pollutants ?

What about in vivo clinical relevance of such interactions with hepatic transporters? 

Bruyere at al, 2017



• For complex environmental mixtures (DEP, cigarette smoke), concentrations active in vitro may
be reached in vivo : Contribution of drug transporters to well-established alterations of
pharmacokinetics in smokers?

• For single chemicals, mixtures have also to be considered because (1) humans are commonly co-
exposed to various chemicals and (2) inhibitory effects towards transporters may be synergistic.

Chedik at al, 2019

• For both single and mixtures of chemicals, humans are commonly chronically exposed and
potential time-dependent inhibition of transporter activities have therefore to be taken into
account



Interactions of pollutants with (hepatic) drug transporters remain nevertheless
rather poorly characterized

More than 1000 pesticides are used in the world and only few have been studied for interactions with transporters

Complementary/additionnal studies are needed…
Chedik at al, 2018
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