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Purpose. It has been shown that plasma concentration and urinary
excretion of bile acids is elevated under the cholestatic/
hyperbilirubinemic conditions. Previously, it was demonstrated that
the plasma concentration of bile acids was elevated in the multidrug
resistance-associated protein 2 (Mrp2)-deficient rats. The purpose of
the present study was to compare the sinusoidal efflux clearance of
taurocholate (TC) between Mrp2-deficient Eisai hyperbilirubinemic
rats (EHBR) and normal rats.
Method. Hepatic disposition of the [3H]TC was examined in the per-
fused liver. Apparent efflux clearance (PSnet, eff) of [3H]TC from
hepatocytes to outflow across the sinusoidal membrane was defined
as the amount of [3H]TC excreted into the outflow from the liver
divided by hepatic AUC of [3H]TC. Additionally, influx clearance
(PSinf) was also determined by multiple indicator dilution method
because PSnet, eff is also affected by PSinf.
Results. PSnet, eff was significantly higher in EHBR than that in Spra-
gue–Dawley (SD) rats (16.6 ±1.7 vs. 6.1 ± 1.3 mL/min/g liver, P <0.01).
In contrast, PSinf was comparable between SD rats and EHBR. Ki-
netic analysis suggested that the intrinsic clearance for the efflux of
[3H]TC across the sinusoidal membrane in EHBR was higher than
that in SD rats (10.4 ± 1.0 v.s. 23.3 ± 1.7 mL/min/g liver, P <0.01).
Conclusions. Enhanced sinusoidal efflux of TC in EHBR may be
related to the altered disposition of bile acids in the mutant rats.
Because Mrp3 transports TC and its expression is induced on the
basolateral membrane of Mrp2-deficient rats, the enhanced sinusoi-
dal efflux of TC in EHBR may be accounted for, at least partially, by
the increased expression of Mrp3.

KEY WORDS: multidrug resistance-associated protein; Mrp3; sinu-
soidal efflux; perfused liver; taurocholate.

INTRODUCTION

Previous studies have shown that plasma concentration
and urinary excretion of bile acids is elevated under chole-
static/hyperbilirubinemic conditions. Indeed, it has been dem-
onstrated that the plasma concentration and urinary excretion
of bile acids in cholestatic patients are higher than those in
healthy subjects (1). Similarly, in rat models used to study the
pathology of extrahepatic cholestasis (bile duct ligation-
treated rats), an increase in the urinary excretion and the

plasma concentration of bile acids also has been observed (2).
Moreover, in the multidrug resistance-associated protein 2
(Mrp2)-deficient rats [e.g., Eisai hyperbilirubinemic rats
(EHBR) (3) and TR− rats (4)], a significant increase in
plasma concentration of bile acids was observed. Because the
liver is the major organ associating with the clearance of the
bile acids from plasma under the pathologic conditions, these
observations can be explained by the altered intrahepatic dis-
position of bile acids.

It has been shown that transporters located on the sinu-
soidal membrane and on the canalicular membrane are in-
volved synergistically in the hepatic disposition of xenobiotics
and bile acids. Recently, many kinds of transporters for the
hepatobiliary excretion of bile acids have been identified (5–
7). Concerning the sinusoidal transport, it has been estab-
lished that transporters (such as Na+-taurocholate co-
transporting polypeptide (Ntcp) (8,9) and organic anion-
transporting polypeptide (Oatp) (10–13) are involved in the
uptake of bile acids from blood to the hepatocyte. Moreover,
the transport of monovalent bile acids (such as taurocholate;
TC) across the canalicular membrane is mediated by primary
active transporter referred to as the bile salt export pump
(Bsep) (14–16). Using membrane vesicles isolated from Sf9
cells infected with recombinant baculovirus containing cDNA
for the sister of P-glycoprotein (Spgp), which was cloned as a
homologue of MDR1 P-glycoprotein, it has been shown that
this protein exhibits Bsep activity (14–16). In addition to
these transporters, we and other researchers have reported
previously that the expression of Mrp3 on the hepatic baso-
lateral membrane is induced under cholestatic and/or Mrp2-
deficient conditions (17–20). Because Mrp3 can efficiently ex-
crete bile acids (TC, glycocholate, and taurolithocholate sul-
fate) (21,22), it is possible that Mrp3 is involved in the altered
disposition of bile acids under these pathologic conditions.
These previous observations suggest that variation of the he-
patic disposition of bile acids is associated with the altered
function of these transporters.

The purpose of this study was to compare the apparent
sinusoidal efflux clearance (PSnet, eff) of TC, a major compo-
nent of bile acid between normal rats and EHBR. Because
PS

net, eff
is affected by the influx clearance (PSin), PSin was also

determined by a multiple indicator dilution method.

MATERIALS AND METHODS

Materials

Unlabeled and [3H]-labeled TC (2.0 mCi/nmol) were pur-
chased from Sigma Chemical Co. (St Louis, MO) and New
England Nuclear (Boston, MA), respectively.

[14C]-labeled inulin (2.64 mCi/g) was purchased from
New England Nuclear. Other chemicals used were available
commercially and were reagent grade products. Male EHBR
and Sprague–Dawley (SD) rats (7–8 weeks old) were pur-
chased from Nihon SLC (Shizuoka, Japan). Rats were kept in
SPF room until they were 10 weeks old and then used in the
experiments. Polyclonal anti-rat Ntcp and Oatp-1 antibodies
were supplied by Dr. Peter J Meier in Division of Clinical
Pharmacology and Toxicology, Department of Medicine,
University Hospital, Zurich (23,24). Antiserum for rat Bsep,
raised in rabbits against an oligopeptide (the carboxyl termi-
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nal of rat Bsep; AYYKLVITGAPIS) (14), was used in the
present study. The polyclonal anti-rat MRP3 antibody, raised
against a maltose-binding protein fusion protein containing
the 136 amino acids corresponding to bases 838–973 of the
deduced rat MRP3 amino acid sequence, was used in the
present study (22).

Liver Perfusion Study

For the single-pass perfusion experiments, the liver was
perfused by the method reported previously (25). After can-
nulation to the portal vein to allow infusion of the perfusate,
and the hepatic venous vein to allow the outflow to be col-
lected, the common bile duct was also cannulated to allow bile
specimens to be collected. The perfusate consisted of 3 %
bovine serum albumin in the Krebs–Ringer bicarbonate
buffer (pH 7.4). Because the weight of the liver in EHBR was
significantly higher than that in SD rats [15.6 ± 1.0 g vs. 10.1
± 0.5 g, P <0.01)], liver from EHBR was perfused at a higher
flow rate (30–32 mL/min vs. 25–28 ml/min). Initially, 0.1 mM
[3H]TC was perfused continuously for 40 min to collect bile
and outflow samples at 10-min intervals during this period.
After this 40-min perfusion, the liver was then perfused with
Krebs–Ringer bicarbonate buffer free of [3H]TC for addi-
tional 30 min. During this washout period, bile was also col-
lected for the intervals of 40–43 min, 43–50 min, 50–60 min,
and 60–70 min. Outflow was collected at 20-s intervals during
40–43 min and collected further at intervals of 43–50 min,
50–60 min and 60–70 min. After a 30-min perfusion, the liver
was excised to determine the remaining amount of [3H]TC in
the liver. The concentration of [3H]TC in outflow and bile was
measured in a liquid scintillation counter (LS 6000SE, Beck-
man Instruments, Fullerton, CA) after the addition of scintil-
lation cocktail (Hyonic Flowt, Packard, Meriden, CT). To
measure the amount of [3H]TC associated with the liver,
pieces of the liver (100–150 mg) were dissolved in Soluene-
350 (Packard). The isotope concentration was determined in
a liquid scintillation counter (LS 6000SE) after the addition of
scintillation cocktail (Hyonic Flowt).

In the present study, multiple indicator dilution experi-
ments were also performed. After the stabilization period of
10 min, 200 mL of the perfusion solution containing [14C]inu-
lin (0.03 mCi), an extracellular reference, and the test sub-
stance [3H]TC (10 mCi) was injected as a bolus in the portal
vein. After injection, the total effluent from the hepatic ve-
nous vein was collected at 1-s intervals for 17 s. The radioac-
tivity from 14C and [3H] in the collected samples were deter-
mined in a liquid scintillation counter (LS 6000SE).

Data Analysis

The fraction of the infused amount excreted into bile and
outflow were defined as follows:

Fraction excreted into bile = Vbile /I (1)

Fraction excreted into outflow = Vout /I = Cout /Cin (2)

where Vbile and Vout denote the excretion rate of [3H]TC into
the bile and the outflow, respectively, I represents the infu-
sion rate of [3H]TC, and Cin and Cout represent the concen-
tration of [3H]TC in the portal inflow and the hepatic venous
outflow, respectively.

The liver concentration of [3H]TC at indicated times was

calculated with the sum of the amount of [3H]TC remaining in
the liver after 70-min perfusion and the cumulative excreted
amount of [3H]TC into the bile and the outflow from indi-
cated time to 70 min. The area under the hepatic concentra-
tion-time curve (Hepatic AUC) of [3H]TC from 40 min to 70
min (AUCliver) was determined as the sum of the trapezoid
area. Net permeability-surface area (PS) product of [3H]TC
from hepatocytes to outflow across the sinusoidal membrane
(PSnet, eff) and PS product of [3H]TC from liver to bile across
the canalicular membrane (PSbile) were calculated with the
following equation:

PSnet,eff = Xout /AUCliver (3)

PSbile = Xbile/AUCliver (4)

where Xout and Xbile denote the total amount of [3H]TC re-
covered from the outflow and bile during 40–70 min, respec-
tively.

In the present analysis, PSnet, eff is given as a hybrid pa-
rameter, which is given by the following equation:

PSnet,eff = Q/(Q + CLint) (5)

where PSeff, Q, and CLint represent the intrinsic PS product of
[3H]TC from hepatocytes to outflow across the sinusoidal
membrane, perfusate flow rate and biliary excretion clear-
ance given by the following equations, respectively.

CLint = PSinf ? PSbile/(PSeff + PSbile) (6)

where PSinf represents PS product for the hepatic uptake of
[3H]TC from perfusate to hepatocytes.

PSinf was determined by the multiple dilution method
reported previously (26). The natural logarithm of [14C]inulin
concentration to [3H]TC concentration in the outflow was
plotted as a function of time after correcting for the large
vessel transit time. The initial slope of this plot, calculated by
a linear regression analysis, reflects the influx rate constant
(K1). PSinf can be calculated by the following equation:

PSinf = K1 ? Vexp (7)

where Vexp represents the extracellular volume, which can be
estimated by multiplying the perfusate flow rate by the transit
time of the extracellular reference.

Using PSinf, PSbile and PSnet, eff values calculated with
equations 3, 4, and 7 , PSeff value was calculated using Equa-
tions 5 and 6.

Statistical Method

The results are shown as mean ± SE. Student’s t-test was
used to determine the significance of differences between the
two groups.

Crude Membrane Preparation

Crude membranes were prepared as described previ-
ously (18). Briefly, livers were homogenized in buffer A con-
taining 250 mM sucrose, 1 mM EGTA, and 5 mM HEPES
(pH 7.4) with a Dounce homogenizer. After centrifugation of
the homogenate at 1,500 g for 15 min, the resulting pellet was
suspended in buffer A and Percoll (Pharmacia Biotech,
Uppsala, Sweden), and centrifuged at 30,000 g for 60 min. The
turbid layer was suspended in buffer B containing 250 mM
sucrose and 50 mM Tris ? HCl (pH 7.4) and centrifuged at
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8,000 g for 10 min. The resulting pellet was suspended in
buffer B, homogenized with a Dounce homogenizer, and lay-
ered over 38% sucrose. After centrifugation at 16,000 g for 70
min, the interfaces were collected, washed by centrifugation
at 75,000 g for 30 min in buffer B, and suspended in buffer B
using a Teflon homogenizer. All procedures were performed
at 0–4°C. The crude membrane was stored at −80°C before
being used for western blot analysis.

Western Blot Analysis

Membrane proteins (10, 20, and 40 mg) were solubilized
in a sample buffer consisting of 2 % SDS, 30 % glycerol, and
0.01 % bromophenol blue (pH 4 6.8). The suspension was
subjected to SDS-polyacrylamide gel electrophoresis
(PAGE), electrotransferred to a polyvinyligene difluoride
membrane (Millipore, Bedford, MA) using a blotter (Trans-
blot; Bio-Rad, Richmond, CA) at 15 V for 1 h. The mem-
branes were blocked with Tris-buffered saline containing
0.05% tween 20 (TBS-T) and 5% BSA 60 min at 4°C. Then,
membranes were incubated with the following concentrations
of primary antibodies in TBS-T containing 0.5% BSA over-
night at 4°C and then washed with TBS-T (35min): polyclonal
anti-rat Ntcp serum (dilution 1:5,000) (24), polyclonal anti-rat
Oatp-1 serum (dilution 1:2,000) (23), polyclonal anti-rat Spgp
antibody (1:1000) (14), and polyclonal anti-rat MRP3 anti-
body (1:2000) (22). The membranes were allowed to bind
125I-labeled donkey anti-rabbit IgG antibody (dilution 1:200
in TBS-T containing 0.5 % BSA) for 1 h at room temperature,
then were placed in contact with an imaging plate for 3 h after
being washed with TBS-T (3 × 5 min). The intensity of spe-
cific bands was quantified by BAS 2000 system (Fuji Photo
Film, Tokyo, Japan). The relative induction ratio was defined
as the ratio of the intensity of a specific band in EHBR to that
in SD rats.

RESULTS

Disposition of [3H]TC in the Perfused Liver

In the present study, isolated livers from SD rat and
EHBR were perfused with Krebs–Ringer bicarbonate buffer
containing 0.1 mM [3H]TC. The bile flow rate in SD rats and
EHBR was maintained constant through the experiment (Fig.
1). The time profile for the excretion rate into bile and that
into the outflow, along with the values normalized in term of
the inflow rate, is shown in Figs. 2 and 3. At 40 min, Vbile / I
in EHBR (0.75 ± 0.06) was significantly (P <0.05) lower than
that in SD rats (0.96 ± 0.04). In contrast, Vout / I in EHBR
(0.14 ± 0.02) was significantly (P <0.05) higher than that in SD
rats (0.05 ± 0.01). The estimated hepatic concentration of
[3H]TC in EHBR (3.5 ± 0.4 mM) was not significantly differ-
ent from that in SD rats (2.8 ± 0.3 mM) at 40 min.

Washout Experiments

In the washout experiments, Vout in EHBR was signifi-
cantly higher than that in SD rats and total amount of [3H]TC
recovered from the outflow during 40 min to 70 min (Xout) in
SD rats and EHBR was 205 ± 60 pmol/g liver and 756 ± 91
pmol/g liver, respectively. To determine the hepatic AUC,
time profiles for hepatic concentration were determined (Fig.
4). The hepatic AUC values in SD rats and EHBR, calculated

from the time profiles of hepatic TC concentrations, were
determined as 31.3 ± 4.4 mmol ? min/L and 46.1 ± 3.2
mmol ? min/L, respectively. Table I summarizes the calculated
kinetics parameters. The PSnet, eff in EHBR was approxi-
mately 2.5 times higher than that in SD rats (P <0.01; Table I).
In contrast, PSbile in EHBR was approximately 60% of that in
SD rats (P <0.01; Table I). Consequently, the fraction of

Fig. 2. Time profiles for the biliary excretion rate of taurocholate.
Livers isolated from 10-week-old EHBR (s) and SD rats (d) were
perfused with the medium containing [3H]TC for the initial 40 min.
At 40 min, the perfusate was changed to the medium free of [3H]TC
to examine the efflux of the preloaded isotope from the liver. Insert
represents the biliary excretion rate divided by the infusion rate of
[3H]TC. Each point and vertical bar represents the mean ± SE of n 4

6 experiments. *Significantly different form SD rats (P <0.05); **Sig-
nificantly different form SD rats (P <0.01).

Fig. 1. Time profiles for the bile flow rate. Livers isolated from 10-
week-old EHBR (s) and SD rats (d) were perfused as described in
Materials and Methods. Each point and vertical bar represents the
mean ± SE of n 4 6 experiments. **Significantly different form SD
rats (P <0.01).
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[3H]TC excreted into the outflow in EHBR was 3.3 times
higher than that in SD rats (P <0.01; Table I). In addition, the
significantly lower ratio of Xbile to Xtotal in EHBR compared
to SD rats was observed (P <0.01; Table I).

Multiple Indicator Dilution Experiments

Because PSnet, eff is given as a function of PSinf as repre-
sented as equation 5 and 6, PSinf was compared between SD
rats and EHBR by multiple indicator dilution method. The
natural logarithm of the ratio of the outflow fractions of
[3H]TC and [14C]inulin (ratio plot) in SD rats and EHBR is
given as a function of time as shown in Fig. 5. The initial slope
of the ratio plot remained linear over initial 7 s, and the slope
was comparable between SD rats and EHBR. PSinf values
determined from the ratio plot along with the calculated PSeff

Fig. 4. Time profiles for the liver concentration of taurocholate. He-
patic concentration of EHBR (s) and SD rats(d) was calculated as
the sum of the amount of [3H]TC remaining in the liver at the end of
the experiments (70 min) , and the cumulative excreted amount of
[3H]TC into the bile and the outflow from the indicated times to 70
min. Each point and vertical bar represents the mean ± SE of n 4 6
experiments.*Significantly different form SD rats (P <0.05).

Fig. 3. Time profiles for the excretion rate of taurocholate into the
outflow. Livers isolated from 10-week-old EHBR (j) and SD rats
(d) were perfused with the medium containing [3H]TC for the initial
40 min. At 40 min, the perfusate was changed to the medium free of
[3H]TC to examine the efflux of the preloaded isotope from the liver.
Insert represents the excretion rate into the outflow divided by the
infusion rate of [3H]TC. Each point and vertical bar represents the
mean ± SE of n 4 6 experiments. **Significantly different form SD
rats (P <0.01).

Table I. Kinetic Parameters for Taurocholate Determined in the
Washout Experimenta

SD EHBR

Foutflow (%) 8.3 ± 1.7 27.5 ± 2.9b

Fbile (%) 91.6 ± 1.7 72.5 ± 2.9b

PSnet,eff (ml/min/g liver) 6.1 ± 1.3 16.6 ± 1.7b

PSbile (ml/min/g liver) 67.3 ± 5.0 40.0 ± 4.0b

PSinf (ml/min/g liver) 11.5 ± 1.3 10.4 ± 0.7
PSeff (ml/min/g liver) 10.4 ± 1.0 23.3 ± 1.7b

a Kinetic analysis was performed to calculate PSnet,eff and PSbile from
the data shown in Figs. 2, 3, and 4. PSnet,eff and PSBile were defined
as the amount of [3H]TC excreted into the outflow and the bile,
divided by the hepatic AUC, respectively (equation 3 and 4). De-
tailed analysis methods are described in the text. This table also
shows the fractions of preloaded [3H]TC excreted into the outflow
(Fout) and the bile (Fbile), which were defined as Xout and Xbile

divided by the amount of [3H]TC in the liver at the initiation of the
washout experiment (40 min), respectively. PSinf was determined by
multiple indicator dilution method (Figure 5). PSeff was calculated
by equation 5 and 6 described in material and method.

b significantly different from SD rats (p < .01).

Fig. 5. Time profiles of the natural logarithm of the concenteration
ratio of [14C]inulin to [3H]TC in the outflow. After the stabilization
period of 10 min, 200 mL of the perfusion solution containing
[14C]inulin (0.03 mCi), an extracellular reference, and the test sub-
stance [3H]TC (10 mCi) was injected as a bolus in the portal vein.
After injection, the total effluent from the hepatic venous vein was
collected at 1-s intervals for 17 s. s and d represent SD rats and
EHBR, respectively. Each point and vertical bar represents the mean
± SE of n 4 3 experiments.
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values are summarized in Table I. PSinf values were compa-
rable between SD rats and EHBR, and PSeff in EHBR was 2.3
times higher than that in SD rats.

Hepatic Expression of Transporters

To discuss on the difference in the kinetics parameters
between SD rats and EHBR in relation to the exression level
of transporters, western blot was performed. As shown in Fig.
6, expression levels of the uptake transporters on the sinusoi-
dal membrane (Ntcp and Oatp-1), and efflux transporter on
the canalicular membrane (Spgp) and on the sinusoidal mem-
brane (Mrp3) were quantified by western blot analysis. An-
tibodies recognized the band of 30 kDa, 80 kDa, 170 kDa, and
180 kDa for Ntcp, Oatp-1, Spgp, and Mrp3, respectively. Den-
sitrometrical analysis showed that the ratio of the expression
level of Ntcp and Oatp-1 and Spgp in EHBR to that in SD rat
was 1.21 ± 0.1, 0.91 ± 0.1, and 1.22 ±0.2, respectively. Expres-
sion of Mrp3 was observed only in EHBR.

DISCUSSION

In the present study, we compared the sinusoidal efflux
of TC from hepatocytes to blood between SD rats and EHBR
in the perfused liver. Throughout the experiments, bile flow
rate in EHBR was lower than that in SD rats, which is con-
sistent with the previous observations (3). The kinetic analysis
of the washout experiments showed that PSnet, eff in EHBR
was 2.5 times higher than that in SD rats (Table I). In contrast
to the increase in PSnet, eff in EHBR, PSbile in these mutant
rats was approximately 60% of that in SD rats (Table I). As
a consequence of these alterations in the PS products, the
fraction of [3H]TC excreted into the outflow was significantly
higher in EHBR than that in SD rats (Table I). The reduction
of PSbile in EHBR may be accounted for by assuming the
reduced function of the bile acid transporter on the canalic-

ular membrane (Bsep) (14,15). However, because hepatic ex-
pression of Spgp was comparable between SD rats and
EHBR (Fig. 6), the mechanism for the reduced PSbile in
EHBR compared to SD rats remains to be elucidated.

The increase in PSnet, eff and the decrease in PSbile in
EHBR compared with SD rats may contribute to the altered
disposition of bile acids in the mutant rats. In our experi-
ments, at 40 min after initiation of the infusion of [3H]TC, the
fraction of infused [3H]TC excreted into bile in SD rats was
0.96 ±0.04, whereas the corresponding value was 0.75 ± 0.06 in
EHBR. Such an alternation in TC disposition has also been
observed in the previous in vivo studies using Mrp2-deficient
rats. Jansen et al. (27) injected TC to normal Wistar rats and
Mrp2-deficient TR− rats to determine the time profiles for the
plasma concentration and the cumulative amount excreted
into bile. As far as the plasma disappearance curve was con-
cerned, the half-life in the terminal phase, which is a function
of hybrid parameters including PSnet, eff and PSbile, was much
lower in TR− compared to Wistar rats (27). Moreover, al-
though the total amount of TC excreted into the bile was
similar in TR− and Wistar rats, the biliary excretion rate in
mutants was slower than that in normal rats (27). In the same
manner, Takikawa et al. (3) demonstrated that the biliary
excretion of intravenously infused TC in EHBR was signifi-
cantly lower compared with that in SD rats. These results may
be accounted for by the altered PSnet, eff and PSbile values in
Mrp2-deficient rats.

As described in equation 5 and 6, PSnet, eff is given as a
hybrid parameters of Q, PSinf, PSeff, and PSbile. To determine
the intrinsic PSeff, PSinf was determined by the multiple indi-
cator dilution method (Fig. 5). As shown in the Table I, PSinf

was comparable between SD rats and EHBR. This observa-
tion is consistent with the comparable expression level of
Ntcp and Oatp-1 between SD rats and EHBR (Fig. 6). More-
over, the calculated PSeff in EHBR was 2.3 times higher than

Fig. 6. Western blot analysis of rat Ntcp, Oatp-1, Spgp, and Mrp3 proteins in crude membranes isolated from SD rats and
EHBR. Plasma membrane specimens (10, 20, and 40 mg) prepared from the liver form SD rats and EHBR were separated
on 12.5% (Ntcp and Oatp-1) and 8.5 % (Spgp and Mrp3) polyacrylamide gel containing 0.1 % SDS. The proteins
transferred to the polyvinylidene difluoride membrane by electroblotting were detected by polyclonal antibodies against
Ntcp, Oatp-1, Spgp, and Mrp3.
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that in SD rats, suggesting that elevated PSnet, eff was pre-
dominantly associated with the increased sinusoidal efflux of
[3H]TC, rather than the decreased influx of [3H]TC.

We demonstrated previously that expression of Mrp3
was increased under the cholestatic condition (e.g., bile duct
ligation treated rats) and in Mrp2-deficient rats. Along with
the animal models, enhanced expression of human Mrp3 on
the basolateral membrane of hepatocyte was also observed in
Dubin–Johnson syndrome subjects, in which function of
Mrp2 is hereditary defective (20). Moreover, it was shown
that rat Mrp3 transports several organic anions and bile acids
(21,22). If we consider these results, it is possible that the
increase in PSeff in EHBR may be accounted for, at least
partially, by the increased expression of Mrp3 in EHBR. Sev-
eral pieces of previous observations are also consistent with
this hypothesis. Previously, we found that the PS product for
sinusoidal efflux of glucuronide conjugate of xenobiotics [e.g.
E3040 glucuronide, a Mrp 3 substrate (21)] is higher in EHBR
than that in SD rats (28). In contrast, no difference was ob-
served between SD rats and EHBR in the sinusoidal efflux of
E3040 sulfate, which is not significantly transported by Mrp3
(21,28). In addition, Xiong et al. (29) demonstrated much
more efficient sinusoidal efflux of acetaminophen glucuro-
nide in TR− than that in Wistar rats. At the present moment,
however, we cannot unequivocally conclude the increase in
PSeff of several organic anions in EHBR to the increased
expression of Mrp3. Because Mrp3 is also induced in other
cholestatic condition (e.g., bile duct treated rats) and accepts
sulfated bile acids (such as taurolithocholate sulfate) and
other glucuronide conjugates (21,22,28) [such as bilirubin
monoglucuronide (30)], it is important to compare the hepatic
disposition of these endogenous compounds between normal
rats, Mrp2-deficient rats, and other cholestatic model rats in
order to identify the role of Mrp3 under pathologic condi-
tions. In addition, the utilization of specific inhibitor of Mrp3
in the perfused liver is required to quantify the role of Mrp3.

In conclusion, by comparing the disposition of TC be-
tween SD rats and EHBR, we were able to show that the PS
product for TC across the sinusoidal membrane is increased
in Mrp2-deficient rats. Along with the previous findings, it is
possible that the increased expression of Mrp3 on the hepatic
sinusoidal membrane may be responsible for the altered he-
patic disposition of organic anions under pathologic condi-
tions.
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