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Abstract

Background/Aim: It has been recently demonstrated that
acute obstructive jaundice is associated with modifications
in the renal expression and function of organic anion trans-
porters such as Oat1, Oat3, Oatp1 and Mrp2. This study ex-
amined the expression and function of bilitranslocase in
liver and kidney from rats with bile duct ligation (BDL).
Methods: Bilitranslocase expression was evaluated in renal
homogenates (H), renal basolateral plasma membranes
(KBLM) and liver plasma membranes (LPM) by immunoblot-
ting. Bilitranslocase function was studied by measuring the
kinetic parameters of electrogenic bromosulfophthalein
(BSP) uptake in KBLM and LPM by a spectrophotometric
technique. Results: An increased abundance of bilitranslo-
case in KBLM without modifications in renal H and in LPM
from BDL rats was observed compared with Sham rats. BDL
rats showed a higher V., for BSP uptake in KBLM. No differ-
ences between groups were observed for Michaelis-Menten
parameters in LPM. Conclusion: The higher renal expression
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and function of bilitranslocase in renal basolateral mem-
branes from rats with obstructive cholestasis might also con-
tribute to the dramatic increase in BSP renal excretion ob-
served in this experimental model. This would be another
compensation mechanism to overcome the hepatic dys-
function in the elimination of organic anions.

Copyright © 2010 S. Karger AG, Basel

Introduction

Extrahepatic cholestasis occurs in patients suffering
from cholelithiasis and neoplasms affecting the pancreas
and the common bile duct [1, 2]. Altered absorption, dis-
tribution and elimination of drugs have been described
in this pathology [3]. Prolonged cholestasis may not only
alter liver function but also kidney function [4].

B-Lactam antibiotics, diuretics, nonsteroidal anti-in-
flammatory drugs, several antiviral drugs as well as en-
dogenous compounds are classified as organic anions.
The hepatic and renal organic anion transport pathway
plays a key role in the pharmacokinetics of these sub-
stances. It has been demonstrated that acute obstructive
jaundice is associated with increased elimination of or-
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ganicanions [5-8]. The increase in the systemic and renal
elimination of p-aminohippurate and furosemide (two
organic anions excreted through urine) is mediated, at
least in part, by the upregulation of Oatl1 [5, 6]. Brandoni
and Torres [7] have also described a higher expression of
Oatpl in apical membranes from kidneys of bile duct li-
gated animals, which might explain the observed high
increase in the renal excretion of bromosulfophthalein
(BSP), an organic anion principally excreted in bile.

BSP is also a substrate of bilitranslocase, which is a
membrane protein originally isolated from rat livers [9,
10]. The transport activity of bilitranslocase has been
largely characterized in rat liver plasma membrane vesi-
cles. Bilitranslocase has also been found to be expressed
in the absorptive epithelia of the gastrointestinal tract
and in the kidney [10]. In the kidney, bilitranslocase was
detected in the basolateral domain of proximal tubular
cells by immunohistochemistry [11]. Electrogenic BSP
uptake in renal basolateral plasma membrane vesicles
was inhibited by anti-bilitranslocase antibody [11].

The aim of the present work was to determine the con-
tribution of bilitranslocase in the increased BSP urinary
excretion observed in rats with acute extrahepatic cho-
lestasis, by evaluating its expression and function both in
liver and kidneys.

Materials and Methods

Experimental Animals

Male Wistar rats aged 110-130 days were used throughout the
study. For surgical procedures, the animals were anaesthetized
with sulfuric ether. After an upper abdominal incision performed
under sterile technique, the common bile duct was isolated and
double-ligated close to the liver hilus, immediately below the bi-
furcation and cut between the ligatures (BDL group) as previ-
ously described [5-7, 12]. A parallel group of sham rats was pro-
cessed. Animals were cared for in accordance with the Principles
and Guidelines for the Care and Use of Laboratory Animals. The
day of the experiments, the rats were anesthetized with sodium
thiopental (70 mg/kg b.w., i.p.).

Biochemical Determinations

Blood was withdrawn from femoral artery before administer-
ing BSP to sham and BDL animals. These samples were used to
measure total and direct bilirubin as parameters indicative of he-
patic function. The mentioned biochemical analyses were per-
formed with optimized spectrophotometric techniques, employ-
ing commercial kits (Wiener Laboratory, Rosario, Argentina).

Urinary Excretion of BSP

BSP renal excretion was evaluated after administering a single
bolus of BSP (10 mg/kg b.w., aqueous solution) through a femoral
venous catheter. Urine was collected 40 min after administration
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in proper vials to measure the quantity of BSP. Concentration of
BSP in urine was measured spectrophotometrically by alkaliniza-
tion with 0.1 M NaOH [7].

Preparation of Basolateral Membrane Vesicles from

Kidney Cortex

The preparation of the basolateral membrane vesicles from
kidney cortex (KBLM) was done by a modification of the method
described by Jensen and Berndt [13] as previously reported by us
[6, 14]. Three different KBLM preparations were obtained for each
experimental group.

Preparation of Liver Plasma Membrane Vesicles

Liver plasma membrane (LPM) vesicles were prepared accord-
ing to van Amelsvoort et al. [15] in a medium containing 10 mM
HEPES and 0.25 M sucrose (pH 7.40). Three different LPM prepa-
rations were obtained for each experimental group.

Preparation of Bilitranslocase Antibody

An anti-sequence bilitranslocase polyclonal antibody was
used. The production and biological properties of this antibody,
named antibody A, have been previously described [10, 16]. Anti-
body A was raised against a synthetic peptide corresponding to
segment 65-75 of the predicted amino acidic sequence of bili-
translocase.

Immunoblot Technique

Immunoblotting and subsequent densitometry for bilitranslo-
case were performed in renal homogenates, KBLM and LPM as
previously described [5-7]. The primary antibodies employed
were polyclonal monospecific antibodies against bilitranslocase.
Blots were processed for detection using a commercial kit (ECL
enhanced chemiluminescence system, Amersham, Buckingham-
shire, UK). A densitometric quantification of Western blot signal
intensity of membranes was performed.

BSP Transport Activity in Liver and Renal Plasma

Membrane Vesicles

Bilitranslocase transport activity was assayed in membrane
vesicles, using BSP as its standard transport substrate, as previ-
ously described in detail [10]. BSP concentration assay was re-
corded in real time at the wavelength pair 580-514 nm by a dou-
ble-wavelength spectrophotometer (Sigma-ZWS II, Sigma In-
strumente GmbH, Berlin, Germany). Briefly, 4 ul (12 pg protein)
of renal or liver membrane vesicles was added to a stirred spectro-
photometric polystyrene cuvette containing 2 ml of assay medi-
um (0.1 M potassium phosphate) with different BSP concentra-
tions (in the range of 5-80 wM), at room temperature. This addi-
tion caused an instantaneous drop in absorbance. After the
attainment of a steady-state (4 s), a second drop in absorbance was
brought about by valinomycin-induced K* diffusion potential by
adding 2 ug valinomycin in 2 pl methanol. Such a K* diffusion
potential drove the substrate into the vesicles. The slope of the
linear phase of this absorbance drop, lasting about 1 s, is referred
to as electrogenic BSP uptake and is related to bilitranslocase
transport activity [10].

Materials
Chemicals were purchased from Sigma-Aldrich (St. Louis,
Mo., USA) and were analytical grade pure.
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Fig. 1. Western blot analysis for bilitranslocase protein in kidney cortical homogenates (a), renal basolateral
membranes (b) and liver plasma membranes (c) from sham and BDL rats. Bilitranslocase was identified using
polyclonal antibodies as described in Materials and Methods. Sham levels were set at 100%. Each column rep-

resents mean * SEM. * p < 0.05.
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Fig. 2. Uptake of BSP into kidney basolateral plasma membrane vesicles (a) and into liver plasma membrane
vesicles (b) from sham and BDL rats. Results are expressed as mean = SEM from experiments carried out in
triplicate in three different membrane preparations for each experimental group.
Statistical Analysis Results

Statistical analysis was performed using an unpaired t test.
When variances were not homogeneous a Welch’s correction was
employed. p < 0.05 was considered significant. Values are ex-
pressed as means * standard error (SEM). For these analyses,
GraphPad software was used. Data for the characterization of the
kinetics of electrogenic BSP uptake in KBLM and in LPM fitted
the Michaelis-Menten equation and the apparent K, and V.
values were derived with their standard errors using SigmaPlot
2001 software.

Bilitranslocase in Extrahepatic
Cholestasis

Table 1 shows bilirubin serum levels and BSP urinary
excretion. Total bilirubin and direct bilirubin concentra-
tions increased in BDL rats, corroborating the adequacy
of the study design. The urinary excretion of BSP greatly
increased in BDL rats as previously described by Bran-
doni and Torres [7].
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Table 1. Serum total and direct bilirubin levels and BSP urinary
excretion in sham and BDL rats

Sham (n=4) BDL (n=4)
Total bilirubin, mg/1 49%0.2 43.1 £3.0%
Direct bilirubin, mg/1 1.8£0.2 33.4+2.9*%
BSP urinary excretion, pg 2.02x0.32 31.30+12.50*

Results are expressed as means = SEM. * p < 0.05.

Table 2. Michaelis-Menten kinetic parameters of BSP in KBLM
and in LPM vesicles

Sham (n =3) BDL (n=3)

KBLM
Km, .M 212 261
Vmax kMol BSP/min/mg protein 1.61+0.04  2.12+0.04*
LPM
Km, uM 54+04 6.3+0.6
Vmaw Mol BSP/min/mg protein 1.84+0.03  1.82+0.04

Results are expressed as means = SEM from experiments car-
ried outin triplicate in three different membrane preparations for
each experimental group. * p < 0.05.

Kidney cortex homogenates (H), KBLM and LPM
from sham and BDL animals were subjected to immu-
noblot analysis for bilitranslocase protein. Figure 1 shows
an increased abundance of bilitranslocase in renal KBLM
without modifications in renal H and in LPM from BDL
rats as compared with sham rats.

BSP uptake in KBLM and in LPM is shown in figure
2.BDL rats showed a higher V,,,,, for BSP uptake in KBLM
as compared with sham rats. No differences between
groups were observed for Michaelis-Menten parameters
in LPM (table 2).

Discussion

Extraction of organic anions from circulation is an es-
sential function of the liver and the kidneys [17]. It has
been found that cholestasis alters the transport of bile
salts and of other organic anions [1, 2]. Previous studies
performed in our laboratory showed modifications in the
expression of organic anion transporters as Oatl, Oat3
and Oatpl [5-7].
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Renal secretion of organic anions has a critical role in
regulating their plasma concentrations and in clearing
the body of potentially toxic xenobiotic agents, drugs of
pharmacological importance and endogenous com-
pounds [18, 19]. The transepithelial transport involves an
entry step at the basolateral plasma membrane and an
exit step at the luminal plasma membrane of renal tubu-
lar cells. Several proteins have been cloned and function-
ally characterized as the organic anion transporters in-
volved in these steps. BSP is an organic anion mainly ex-
creted by the liver which is a substrate for several carrier
proteins such as Oat3, Oatpl, Mrp2 and bilitranslocase.

We have demonstrated an increase in BSP urinary ex-
cretion in rats with extrahepatic cholestasis associated
with a higher expression of Oatpl in apical membranes
and an unchanged expression of Oat3 in basolateral
membranes from kidneys [5-7]. Moreover, Mrp2 upregu-
lation in kidneys from BDL rats has been described [20,
21].

Bilitranslocase is not a bile acid transporter, but rather
a bile pigment transporter [9, 10, 16]. Bilitranslocase has
been indicated as the protein responsible for the electro-
genic hepatic uptake of cholephilic organic anions, such
as BSP and thymol blue, the tetrapyrrole bilirubin, and
flavonoids (the anthocyanin malvidin 3-glucoside and
the flavonol quercetin) [10]. Bilitranslocase has also been
detected in basolateral plasma membranes from kidney
cells and has been demonstrated to be involved in the re-
nal transport of BSP, bilirubin and anthocyanins [11, 22].
In this way, bilitranslocase contributes to the hepatic and
renal elimination of exogenous organic anions (such as
BSP), endogenous metabolites (such as bilirubin) and an-
thocyanins (flavonoid-based pigments that are present in
many fruits and vegetables in the human diet, which have
been reported to be positively implicated in human health
[22)).

To evaluate the functional activity of bilitranslocase,
we measured BSP electrogenic uptake in LPM and in
KBLM vesicles prepared from sham and BDL rats. No
modifications were observed in bilitranslocase activity
and abundance in LPM vesicles from BDL rats. On the
contrary, the extrahepatic cholestasis resulted in a
marked increase of renal BSP uptake and this was due to
an important increase in Vy,,, (capacity). The capacity of
a transfer is principally determined by the total number
of active carriers presented in KBLM. The difference in
Vmayx indicates that a higher number of functional carrier
units exists in KBLM vesicles from BDL rats, which is in
agreement with the higher expression of bilitranslocase
in KBLM. The observation that BDL rats have a higher
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renal expression of bilitranslocase at the basolateral
membranes despite no change in bilitranslocase abun-
dance in kidney H suggests an alteration in bilitranslo-
case trafficking that might be caused by an increased re-
cruitment of preformed transporters into the membranes
or an inhibition in the internalization of membrane
transporters. The same behavior was observed for renal
Oatpl expression in the same experimental model of
acute extrahepatic jaundice [7].

It has also been found that urinary excretion of bile
acids is markedly increased in obstructive liver diseases
[23]. The increase in bile acids urinary excretion may be
a consequence of the fact that the amount of filtered bile
acids in cholestasis exceeds the maximum capacity for
tubular reabsorption. But it may also involve adaptive
mechanisms of the kidneys, such as a decline of tubular
apical reabsorption of bile acids and an enhanced tubular
basolateral uptake. Mrp2 and the sodium-dependent bile
salt transporter ABST are two renal apical bile acids car-
riers; Mrp2 mediates the exit of bile acids from the cells
and ABST is involved in their reabsorption. As was previ-
ously mentioned, Mrp2 is upregulated [20] and there is a
fall in the function of ABST [24] in the presence of acute
extrahepatic cholestasis. Both mechanisms may also con-
tribute to the increased excretion of bile acids in the pres-
ence of this pathology. On behalf of the basolateral do-
main, Oat3 transports bile acids from the blood into the
cells. As has been mentioned earlier, its expression does
not change [6].

These results suggest that the complex series of hor-
monal changes induced in kidneys by extrahepatic cho-
lestasis [25] might influence the regulation of bilitranslo-
case and Oatpl in a similar way. The characteristic accu-
mulation of bile acids, bilirubin, and other potential
toxins in cholestasis may affect transcriptional and post-
transcriptional regulatory mechanisms [26, 27]. In this
connection, bilirubin, sulfate-conjugated bile acid and
human bile upregulated the expression of Mrp2 in renal
tubular cells but not in liver cells [20].

The increase in bilitranslocase protein units at the ba-
solateral membrane together with the increased expres-
sion of Oatpl and Mrp2, and the fall in ABST function,
at the apical domain of renal cells may be a compensa-
tory mechanism for protecting hepatocytes or kidney
cells from cytotoxic substances that accumulate in the
presence of obstructive cholestasis. The upregulation ob-
served in the three protein carriers might explain the
dramatic increase in BSP renal elimination displayed in
this pathology.
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