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AIM AND OUTLINE OF THE THESIS

The liver plays a central role in the elimination of many endogenous and
exogenous compounds. The first step in hepatic elimination is uptake from the
bloodstream across the sinusoidal membranes of hepatocytes before the compounds
can be metabolized, excreted in bile, or transported back to the blood. A
considerable amount of the hepatically eliminated compounds belongs to the
category of organic cations which contain tertiary or quaternary amine groups or
other positively charged functional groups. Based on functional uptake studies in the
isolated perfused rat liver and with rat hepatocytes, organic cations were classified
according to their molecular structure and their inhibition pattern into type I and type II
compounds. Type I cations are relatively small and their hepatocellular uptake can be
inhibited by type II cations, but not by bile salts and cardiac glycosides. Type II
organic cations are more bulky and their hepatic uptake is not affected by a large
excess of type I cations, but can be strongly inhibited by cardiac glycosides and bile
salts.

The aim of this project was to identify and characterize the membrane proteins
responsible for the carrier-mediated uptake of endogenous and exogenous organic
cations into the liver. Several candidate carriers for organic cation uptake were
cloned recently, among which the rat and human organic cation transporters (OCTs).
rOCT1 and hOCT1 are expressed at the basolateral plasma membrane of
hepatocytes and were shown to mediate electrogenic uptake of type I organic
cations, but not of type II organic cations. Type II organic cations were suggested to
be substrates of the so-called organic anion transporting polypeptides (rat:
Oatps/humans: OATPs). These polyspecific transporters mediate sodium-
independent hepatocellular uptake of a wide variety of amphiphilic compounds
including bile salts and cardiac glycosides which were shown to inhibit type II organic
cation uptake in functional studies. The role of the OCTs and Oatps/OATPs in
organic cation uptake was investigated in more detail in this project.

The Ubbo Emmius project of the University of Groningen offered the unique
opportunity of a cooperation between three European research groups. The concepts
of organic cation transport and the model compounds were developed in the group of
Prof. Dr. D.K.F. Meijer in Groningen (Netherlands). The OCT plasmids were provided
by Prof. Dr. H. Koepsell in Würzburg (Germany) and the Oatp/OATP plasmids by
Prof. Dr. P. J. Meier in Zürich (Switzerland).

The second chapter of this thesis gives an overview on the hepatic drug
uptake systems. The molecular features, the sites of expression and the substrate
specificities of members of the Oatp/OATP, the OCT and the OAT carrier families are
summarized. Chapter 3 deals with the transport of the anionic, magnetic resonance
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imaging contrast agent, gadoxetate by Oatp1 and suggests a preference of Oatp1 for
organic anions. In contrast, Oatp2 and OATP-A both transport type II cations as
described in chapter 4. Uptake of type I cations by rOCT1 and hOCT1 was
investigated in chapter 5 and the inhibition patterns of rOCT1, hOCT1, Oatp2, and
OATP-A compared to functional studies. Additional Oatps such as Oatp3 and Oatp4
are expressed in rat liver and their substrate specificity was extensively studied in
chapter 6. A powerful means to investigate the importance of an individual carrier is
to create a gene knockout mouse. Therefore, mouse Oatp2 was cloned and
functionally characterized in chapter 7 as a first step in understanding the
physiological importance of this carrier. The thesis is rounded off with a general
discussion and perspectives and with an English and Dutch summary.


