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Summary y 

Thee formation of bile involves the vectorial transport of many different components 

acrosss the hepatocyte. Hepatobiliary secretion/excretion is mediated by transport 

proteinss localised in the canalicular membrane of the hepatocyte. The major proteins 

involvedd in bile formation, identified at this moment, are members of a large superfamily 

off transporters known as the ATP-binding cassette transporter family. In recent years 

muchh progress has been made wi th the identification and characterisation of these 

canalicularr transporters. Among these proteins are the P-gIycoproteins (P-gps), large 

glycosylatedd membrane proteins. Some of these proteins, class I and II P-gps, are 

involvedd in the active transport of cytotoxic drugs from the cytoplasm to the external 

milieu.. Their action renders the cell resistant to cytotoxic drugs and contributes to the 

phenomenonn of multidrug resistance (MDR). Class III Pgps can not clearly be linked to 

thee generation of such MDR-phenotypes. However, this class of P-gps has been shown 

too be involved in the secretion of phosphatidylcholine (PC) into bile. The presence of 

phosphatidylcholinee and other lipids in the canalicular lumen is believed to mitigate the 

detergentt action of bile salts also present in primary bile. Complete absence of biliary 

lipidd secretion (phospholipids and cholesterol), combined wi th normal bile salt secretion, 

leadss to liver disease in mice that have no functional Mdr2 P-glycoproteins (as is the 

casee in Mdr2 knockout mice). The molecular mechanism for biliary lipid secretion is not 

known.. The presence of bile salts in the canalicular lumen is a major factor evoking 

biliaryy lipid secretion. Thus both Mdr2 P-glycoprotein (Class III Pgp) and bile salts are 

majorr factors regulating biliary lipid secretion. Bile salts are known to be regulatory 

factorss in cholesterol homeostasis. Keeping this in mind, it seems logical to propose that 

bilee salts also regulate class III Pgp function. This thesis deals wi th regulation of class III 

P-gpss by bile salts and some aspects of the mechanism of biliary lipid secretion. 

Chapterr 1 gives a general introduction on biliary transporters, reviews the mechanistic 

aspectss of P-glycoprotein mediated transport and deals wi th concepts on hepatobiliary 

secretionn of phospholipids and cholesterol. 

inn chapter 2 the relation between size and composition of the bile salt pool on the one 

handd and Mdr2 P-glycoprotein mediated secretion of phospholipid and cholesterol on the 
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otherr is described. We investigated whether bile salt composition itself is able to alter 

Mdr2Mdr2 expression. Mice were fed a cholate enriched diet ( 0 . 1 % w /w) . In the liver cholate 

iss converted into taurocholate which is more hydrophobic than the main endogenous 

murinee bile salt, muricholate. Replacement of the endogenous bile salt pool led to 

increasedd maximal PC secretion and increased Mdr2 mRNA levels. These parameters 

weree not affected by feeding the relatively hydrophilic bile salt tauroursodeoxycholate. 

Thesee results show that the type of bile salt in the bile salt pool regulates biliary lipid 

secretionn and Mdr2 expression. 

Thee mouse model did not allow us to study the regulatory effects of bile salts at low bile 

saltt fluxes. In chapter 3 we studied this regulation in more detail by manipulating the bile 

saltt pool by chronic bile diversion in the rat. After long-term depletion of the bile salt pool 

thee maximal secretion capacities for both phospholipid and cholesterol is strongly 

affectedd and expression of Mdr2 {Pgp3) is also strongly decreased. Reconnection of the 

enterohepaticc cycling of biliary components leads to restoration of these parameters. 

Duodenall infusion of taurocholate into bile diverted rats also increased maximal PL 

secretionn and Mdr2 mRNA levels to a more normal situation indicating that bile salts 

themselvess are involved in this regulatory process. Cholesterol secretion also increased 

butt did not restore to the same extent as phospholipid secretion. The results show that 

thee size of the bile salt pool has significant effects on Mdr2 expression levels and thus 

influencess biliary lipid secretion. 

Inn chapter 4 the development and validation of a new HPLC based method is described 

thatt allowed us to study the secretion of fluorescently labelled short chain lipid 

analoguess in perfused mouse livers. This method is very sensitive and allows 

determinationn of short-chain fluorescent lipid species in small bile samples. 

Thee analytical method described in chapter 4 enabled the experiments described in 

chapterr 5. This chapter presents a study into the role of Mdrla/b in hepatobiliary 

secretionn of short-chain lipid analogues in a mouse-liver perfusion system. Biliary 

secretionn of several NBD-labelled lipid analogues, that were shown to be substrates for 

M d r l aa P-gp, was not significantly different in livers from Mdr la /b double-knockouts from 

thee secretion in wild-type livers. However, the secretion was impaired in livers from 
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Mdr2Mdr2 knockout mice, while these lipids are probably no substrates for Mdr2 P-gp- It 

seemss that under normal conditions there is no role for the Mdr1a/b mediated biliary 

secretionn of these types of lipid analogues. Furthermore it was shown, by in vitro studies 

usingg small unilamellar vesicles of different lipid composition, that the reduced secretion 

off the short-chain lipid analogues in Mdr2 knockouts was probably due to altered 

membranee composition in these mice. 

Inn the final chapter, chapter 6, we studied mechanistic aspects of uncoupling of biliary 

lipidd from bile salt secretion. Current concepts on biliary lipid secretion view the 

mechanismm by which bile salts drive lipid secretion to involve direct micellization or 

vesiculizationn of the canalicular membrane. Hydrophilic organic anions inhibit the biliary 

secretionn of phospholipid and cholesterol without affecting bile salt secretion. We 

investigatedd the effect of two organic anions on the kinetics of bile salt induced biliary 

lipidd secretion. From this we conclude that the uncoupling mechanism depends on the 

typee of organic anion used. In addition to the possibility of a direct effect of organic 

anionss on mdr2 P-gp activity, inhibition may be caused by decreased micellar bile salt 

concentrationss induced by a choleretic effect. 
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