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Abstract Rat liver uptake and bile output of the cytostatic
complex 

 

cis

 

-diammineplatinum(II)-chlorocholylglycinate

 

(Bamet-R2) were studied. Up to 100 

 

m

 

m

 

, Bamet-R2 uptake
by rat hepatocytes in primary culture followed saturation ki-

 

netics (

 

V

 

max

 

 

 

5

 

 0.65 

 

6

 

 0.12 nmol/5 min per mg protein; 

 

K

 

M

 

 

 

5

 

45.2 

 

6

 

 10.7 

 

m

 

m

 

). Bamet-R2 uptake was lower than that of
cholylglycinate (CG) but higher than that of cisplatin. Re-
placement of 116 m

 

m

 

 NaCl by 116 m

 

m

 

 choline chloride did
not significantly reduce Bamet-R2 uptake. Addition of 500

 

m

 

m

 

 CG, cholic acid, estrone sulfate, or ouabain to 50 

 

m

 

m

 

Bamet-R2-containing incubation media inhibited Bamet-R2
uptake. No liver biotransformation of Bamet-R2 occurred,
as indicated by HPLC analysis of bile collected from anes-
thetized rats after intravenous administration of the drug.
Bamet-R2 uptake and secretion into bile by isolated rat liv-
ers exceeded those of cisplatin but were lower than those of
CG. Differences between Bamet-R2 and CG were more
marked for bile output than for liver uptake. Thus, higher
Bamet-R2 than CG or cisplatin liver content was found. Co-
administration of Bamet-R2 and CG revealed that CG in-
duced a slight reduction in Bamet-R2 uptake and a marked
inhibition in Bamet-R2 bile output. By contrast, Bamet-R2
had no effect on CG on either liver uptake or bile output.
In sum, the present data indicate that Bamet-R2 is effi-
ciently taken up and secreted into bile by the rat liver by
mechanisms shared in part by natural bile acids.—
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Bile acids have been used in several attempts to shuttle
drugs to the liver (1–4). In the case of cytostatic com-
pounds, this possibility has been questioned (5) because
cell lines derived from liver tumor cells have been re-
ported to fail to efficiently take up bile acids (6–9). De-
spite this controversy, which should be elucidated in fur-
ther investigations, another interesting potential use of

 

bile acid derivatives with cytostatic activity is their ability to
enhance biliary excretion of the drug after exposure of
extrahepatic tumors to the cytostatic agent during re-
gional chemotherapy. In this sense, our group has synthe-
sized several antitumoral compounds by binding deriva-
tives of transition metals to bile acids. The resulting
complexes are called Bamet, from Ba- (for bile acid) and
-met (for metal) (10). One of these compounds is Bamet-
R2, which was obtained by binding cisplatin to the carbox-
ylate group of cholylglycinate (CG) (11).

Cisplatin was selected because it is a small and efficient
drug used to treat a variety of solid tumors (12). However,
its dose-limiting toxicity has encouraged the search for
new cisplatin derivatives. Although many different com-
pounds with cytostatic activity have been obtained, few of
them are currently used in clinical practice (13). Among
the derivatives, 

 

cis

 

-diammine(1,1-cyclobutanedicarboxy-
late)-platinum(II) (carboplatin) and 1,2-cyclohexane di-
ammineplatinum(II) (DACH-Pt) and their derivatives are
particularly interesting. One beneficial property of these
cisplatin analogues is that although they are not organo-
tropic, their physical–chemical characteristics do facilitate
their excretion, and hence they are usually less nephro-
toxic than cisplatin itself. However, other side effects such
as myelotoxicity and neurotoxicity have been reported to
be similar or even greater than those of the parent drug
(14). Other authors have previously complexed DACH-Pt
with bile acids to increase both the lipophilicity and water
miscibility of the compounds (15, 16). Although promis-
ing results have been obtained as regards the antitumoral
activity of the resulting drug, no further investigation has
been conducted in this direction.

 

Abbreviations: CA, cholic acid; CG, cholylglycinate; 

 

K

 

M

 

, affinity con-
stant; HPLC, high performance liquid chromatography; 

 

V

 

max

 

, maximal
velocity of transport.
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Previous investigations by our group have revealed that
Bamet-H2, a negatively charged compound that contains
two CG moieties directly bound to a platinum(II) atom, is
a cytostatic complex with hepatobiliary organotropism
(10). Efficient blood-to-bile Bamet-H2 transfer is due to
both bile acid and non-bile acid transport pathways (17).
Bamet-R2 is a simpler compound with marked cytostatic
ability, which is probably due to the presence of the cis-
platin moiety in the complex. The aim of the present work
was to further explore the ability of the liver to carry out
Bamet-R2 uptake from plasma and to secrete the com-
pound into the bile.

METHODS

 

Chemicals

 

Sodium cholylglycinate (CG), cholic acid (CA), ouabain, es-
trone sulfate, cisplatin, and chemicals used for isolation and cul-
ture of rat hepatocytes were purchased from Sigma Chemical Co.
(St. Louis, MO). 

 

Cis

 

-diammineplatinum(II)-chlorocholylglyci-
nate (Bamet-R2, see the inset of Fig. 1) was synthesized and
chemically characterized as previously reported (11). [

 

14

 

C]-CG
and [

 

3

 

H]-inulin were from New England Nuclear (Itisa, Madrid,
Spain). Labeled and non-labeled CG were more than 95% pure
by thin-layer chromatography. All other reagents were from
Merck (Darmstadt, Germany).

 

Rat hepatocytes in primary culture

 

Fasting male Wistar rats (180 g) from the Animal House, Uni-
versity of Salamanca, Salamanca, Spain, were used as donors to
obtain isolated hepatocytes. They were fed commercial rat pel-
leted food from Panlab (Madrid, Spain). They had free access to
food and water. Temperature (20

 

8

 

C) and the light/dark cycle (12
h:12 h) were controlled. All animals received humane care as
outlined in Guide for the Care and Use of Laboratory Animals
(NHI Publication No. 80-23, revised 1985). Hepatocytes were iso-
lated by a modified procedure of Berry and Friend (18), sus-
pended in William’s medium E supplemented with 26.2 m

 

m

 

NaHCO

 

3

 

, 10 m

 

m

 

 HEPES, 100 n

 

m

 

 Na

 

2

 

SeO

 

3

 

, 30 n

 

m

 

 dexametha-
sone, 100 n

 

m

 

 insulin, 11.1 m

 

m

 

 galactose and antibiotics (strepto-
mycin 0.02 mg/mL, penicillin 20 U/mL, and amphotericin B
0.05 

 

m

 

g/mL), pH 7.40, and cultured as previously reported (17).
Measurements of cisplatin, radiolabeled CG, and Bamet-R2

uptake by hepatocytes were carried out at 24 h of culture by an
adaptation of the method described by Liang et al. (19). In brief,
culture medium was replaced by incubation medium containing
the following: 116 m

 

m

 

 NaCl, 5.3 m

 

m

 

 KCl, 1.8 m

 

m

 

 CaCl

 

2

 

, 0.8 m

 

m

 

MgSO

 

4

 

, 1.1 m

 

m

 

 KH

 

2

 

PO

 

4

 

, 11 m

 

m

 

 

 

d

 

-glucose, 10 m

 

m

 

 HEPES, pH
7.40. Hepatocytes were then incubated at 37

 

8

 

C in a prewarmed
cabinet for 1 h. After this time, the medium was removed from
culture dishes and drug uptake was initiated by adding 0.75 ml of
prewarmed (37

 

8

 

C) fresh incubation medium containing the de-
sired drug (cisplatin, [

 

14

 

C]CG, or Bamet-R2) concentration.
Hepatocytes were incubated under these conditions for 5 min.
This incubation time was chosen on the basis of preliminary ex-
periments on the time course of drug uptake, which revealed
that this was linear for approximately 20 min and that the
amount of compound retained by the cultures remained rela-
tively constant at longer incubation times (data not shown). Up-
take was terminated by removing the incubation medium. This
was followed by four washes with ice-cold drug-free incubation
medium. The amount of drug taken up by the hepatocytes was
recovered by digesting them in 1 mL Lowry solution (100 m

 

m

 

NaOH, 189 m

 

m

 

 Na

 

2

 

CO

 

3

 

) at room temperature for 2 h. In some
experiments, 500 

 

m

 

m

 

 CG, CA, ouabain, or estrone sulfate was
added to incubation medium containing 50 

 

m

 

m

 

 Bamet-R2. To
check the sodium dependency of Bamet-R2 uptake by rat hepato-
cytes in a separate set of experiments, 116 m

 

m

 

 NaCl in the incu-
bation medium was replaced by 116 m

 

m

 

 choline chloride.
In order to measure the amount of drug present in the sample

due to contamination from extracellular water, [

 

3

 

H]inulin (5 

 

3

 

10

 

6

 

 dpm/dish) was added to separate dishes, which were pro-
cessed as above for drug-containing dishes. Radioactivity for
[

 

3

 

H]inulin and [

 

14

 

C]CG, and platinum for cisplatin and Bamet-
R2 were measured. Contamination from extracellular water (55.3 

 

6

 

2.1 nL/cm

 

2

 

) was measured in each experiment to determine
the amount of extracellular drug (6.3 

 

6

 

 0.8% of that retained in
the dishes). This value was used to calculate uptake, which was
corrected by the amount of protein in each culture dish.

 

Characterization of biliary Bamet-R2

 

Hepatic Bamet-R2 biotransformation was studied in the fol-
lowing way. Surgery and bile collection were performed in vivo in
Wistar rats (approximately 250 g) under sodium pentobarbital
(Nembutal N.R., Abbott, Madrid, Spain) anesthesia (5 mg/100 g
body weight, i.p.). After a body temperature equilibration period
of 20 min and after surgical implantation of a catheter into the
common bile duct, bile was collected in preweighed vials at 15-min
intervals. After a first 15-min basal period, a single bolus of 500 

 

m

 

l
Bamet-R2 solution (1 m

 

m

 

) in 150 m

 

m

 

 NaCl was injected through
the penial vein and bile samples were collected for an additional
2-h period, after which the animals were killed by exsanguination.

 

Rat liver perfusions

 

Fasting male Wistar rats (200 g) were anesthetized by i.p. ad-
ministration (5 mg/100 g body weight) of sodium pentobarbital
(Nembutal N.R., Abbott, Madrid, Spain). The liver was then in
situ perfused by a modification (20) of the method of Miller et
al. (21) in a prewarmed (38

 

8

 

C) cabinet. The recirculating perfu-
sion medium was 150 mL of a modified Krebs-Henseleit solution
containing the following in m

 

m

 

: 120 NaCl, 5 KCl, 1.29 CaCl

 

2

 

, 0.65
MgSO

 

4

 

, 25 NaHCO

 

3

 

, 1.17 KH

 

2

 

PO

 

4

 

, 5.0 

 

d

 

-glucose, and gentami-
cin sulfate (100 mg/L) plus Bamet-R2, cisplatin or GC at the de-
sired initial concentrations. The medium was oxygenated with a
mixture of 5% CO

 

2

 

–95% O

 

2

 

. A similar solution without any of
the three drugs under investigation was used during liver isola-
tion as pre-perfusion medium. Bile flow, oxygen uptake, perfu-
sion pressure, perfusion flow, potassium and lactate dehydroge-
nase activity released into the perfusate were determined during
the experiments to assess the viability of the preparations, which
was similar to that usually found in our laboratory for this experi-
mental model (20). Perfusion medium and bile samples were
collected during the experiments to measure radioactivity due to
[

 

14

 

C]CG or the platinum content when cisplatin and Bamet-R2
were used.

 

Analytical methods

 

Bile flow was determined gravimetrically assuming 1 mg = 1 

 

m

 

L.
[

 

3

 

H]inulin and [

 

14

 

C]CG were measured on a liquid scintillation
counter (LS-1800-Beckman, Beckman Instruments, Madrid,
Spain). Ready-Safe Scintillation Cocktail, also from Beckman,
was used as scintillant. After digesting the samples in nitric acid,
platinum contents in perfusate, bile, cells, and liver homoge-
nates were measured by flameless atomic absorption spectropho-
tometry (Z-8100 Polarized Zeeman apparatus with a graphite fur-
nace, Hitachi, Pacisa, Madrid, Spain). The presence of Bamet-R2
and its related compounds, if any, in bile was investigated by
high-performance liquid chromatography (HPLC) using a Sys-
tem Gold (Beckman Instruments, Madrid, Spain) with a pro-

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


 

1794 Journal of Lipid Research

 

Volume 39, 1998

grammable solvent module of two pumps connected to a gradi-
ent controller and a manual injection loop of 100 

 

m

 

L. HPLC was
performed on a reverse-phase octadecylsilane (C

 

18

 

) column
(Spherisorb ODS, 250 

 

3

 

 4.6 mm, Symta, Madrid) equilibrated
with solvent A (10 m

 

m

 

 KH

 

2

 

PO

 

4

 

–methanol 25:75 (v/v) pH 7.02),
which after 5 min was changed from 100% A to 20% A and 80%
methanol over 15 min at 1 mL/min flow rate. HPLC fractions
(0.5 min) were analyzed for platinum. Protein was determined by
a modification of the classical method of Lowry et al. (22) with
bovine serum albumin as standard.

 

Statistical analysis

 

Results are expressed as means 

 

6

 

 SE. The statistical signifi-
cance of differences among groups was calculated using paired
and unpaired 

 

t

 

-tests and the Bonferroni method of multiple-
range testing, as appropriate. Linear and non-linear regressions
were obtained using Ultrafit Software (Biosoft, Cambridge,
U.K.). Statistical analyses were performed on a Macintosh LC-III
computer (Apple Computer, Inc., Cupertino, CA).

 

RESULTS

The kinetics of CG uptake by rat hepatocytes in primary
culture were studied in the 0 to 800 

 

m

 

m

 

 concentration
range (data not shown). Results from CG uptake were fit-
ted to a Michaelis-Menten equation (

 

V

 

max

 

 

 

5

 

 9.0 

 

6

 

 0.6
nmol/5 min per mg protein, 

 

K

 

M

 

 

 

5

 

 165 

 

6

 

 35 

 

m

 

m

 

) plus a
diffusional term with a negligible (less than 0.001 

 

m

 

L/5
min per mg protein) diffusional constant (

 

K

 

d

 

). Owing to
the low solubility and high toxicity of cisplatin, the uptake
of this compound by rat hepatocytes was studied using a
narrower concentration range (0–400 

 

m

 

m

 

). In this range,

no saturation was observed (data not shown), in agree-
ment with a diffusional process. However, the existence of
a very high capacity carrier-mediated process cannot be
ruled out. The best fit for cisplatin uptake was a linear
equation, whose slope was assumed to be the diffusional
constant (Kd = 1.8 6 0.1 mL/5 min per mg protein). Re-
sults on the kinetics of CG and cisplatin are in agreement
with previous studies by our group (17). A dual behavior
for Bamet-R2 uptake by rat hepatocytes was observed. Up
to approximately 100 mm substrate concentrations (Fig.
1), Bamet-R2 uptake followed Michaelis-Menten kinetics
(Vmax 5 0.65 6 0.12 nmol/5 min per mg protein; KM 5
45.2 6 10.7 mm). In this range, Bamet-R2 uptake was lower
than that of CG, but higher than that of cisplatin. At sub-
strate concentrations higher than 200 mm a non-saturable lin-
ear increase in Bamet-R2 uptake was found (data not
shown). The slope of this curve (19.8 6 6.2 mL/5 min per mg
protein) was 10-fold steeper than that of cisplatin. Bamet-R2
uptake was not significantly modified by sodium replace-
ment at 50 mm substrate (Fig. 2). Absence of significant so-
dium dependency in Bamet-R2 uptake was also found at sub-
strate concentrations higher than 200 mm (data not shown).
Bamet-R2 uptake was significantly reduced in the pres-
ence of CG, CA, ouabain, or estrone sulfate (Fig. 2).

To check whether Bamet-R2 undergoes liver biotrans-
formation, HPLC analysis was carried out on bile samples.
After intravenous administration of 0.5 mmol Bamet-R2 to
anesthetized rats, approximately 90% of the Pt given was
recovered in the bile within the ensuing 2 h. Approxi-
mately 35% of this amount was collected during the first
15 min (data not shown). This investigation revealed that

Fig. 1. Uptake of Bamet-R2 by rat hepatocytes in primary culture for 24 h. Uptake was initiated by adding
0.75 ml of prewarmed (378C) fresh incubation medium containing the desired Bamet-R2 concentration. Af-
ter incubation for 5 min, the amount of platinum retained by the cells was measured and corrected by the
amount of protein in each culture dish and the amount of extracellular drug calculated from the volume of
[3H]inulin-containing extracellular water measured in separate dishes. Values are means 6 SE from mea-
surements carried out in triplicate on four different cultures. Inset: Bamet-R2 molecular structure.
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both the continuous UV-absorbance and the Pt content pro-
files for pure Bamet-R2 and bile collected after Bamet-R2
administration were very similar (Fig. 3). Approximately
96% of the Pt measured in the HPLC fractions was found
at the elution time corresponding to the pure Bamet-R2
standard. This suggests that the compound was mainly ex-
creted into bile without undergoing biotransformation.

Experiments carried out using isolated perfused rat liv-
ers revealed that this organ was able to efficiently take up
Bamet-R2. Comparison of liver uptakes over 40 min re-
vealed a significant difference among CG, Bamet-R2, and
cisplatin (Fig. 4A). Bamet-R2 uptake by the liver was lower
than that of the natural bile acid, i.e., CG, but much
higher than that of cisplatin. As compared with CG,
Bamet-R2 bile output was approximately 50% lower; how-
ever this was several-fold higher than that of cisplatin (Fig.
4B). Measurement of drug liver contents revealed that the
amount of Bamet-R2 remaining in the liver at the end of
the perfusion period was significantly higher than that of
both cisplatin and CG (Fig. 4C). Calculation of fractional
first pass hepatic clearance by isolated rat liver revealed
that this for Bamet-R2 (35.9% 6 3.9) was lower than for
CG (52.2% 6 4.6; P , 0.05) but higher than for cisplatin
(4.5% 6 1.5; P , 0.05). Addition of CG to the perfusion
medium (50 mm CG versus 0.1 mm Bamet-R2) reduced
both Bamet-R2 fractional first pass hepatic clearance (to
14.2% 6 4.6; P , 0.05) and total 40 min uptake (220%;
Fig. 5, left panel). A marked reduction (272%) in Bamet-
R2 bile output (Fig. 5, right panel) was also observed.
Conversely, addition of 50 mm Bamet-R2 to the medium
containing 0.1 mm [14C]CG did not significantly affect ei-

ther [14C]CG fractional first pass hepatic clearance
(49.1% 6 5.3; P . 0.05), total 40 min liver uptake (Fig. 6,
left panel) or bile output (Fig. 6, right panel). The
changes in radioactivity or platinum content in liver at the
end of these two sets of experiments were consistent with
the changes in the overall uptake–secretion process (data
not shown).

DISCUSSION

The development of new cytostatic drugs with reduced
effects on extratumor tissues is of enormous importance.
Side effects are one of the major problems related to the
clinical usefulness of a variety of powerful antiproliferative
agents, such as cisplatin. This work shows that Bamet-R2, a

Fig. 2. Effect of NaCl replacement in culture medium by choline
chloride and of the presence of 500 mm cholylglycinate (CG), cholic
acid (CA), ouabain, or estrone sulfate on Bamet-R2 uptake by rat
hepatocytes in primary culture for 24 h. Uptake was initiated by
adding 0.75 ml of prewarmed (378C) fresh incubation medium
containing 50 mm Bamet-R2 together with none or one of the inhib-
itors mentioned above. Values are means 6 SE from measurements
carried out in triplicate on four different cultures. *P , 0.05; **P ,
0.01 as compared to Control in the presence of sodium by the Bon-
ferroni method of multiple range testing.

Fig. 3. Typical profile obtained during reverse phase HPLC by
platinum determination in 0.5 min collected fractions and continu-
ous recording of the absorbance at 250 nm wavelength (insets) af-
ter injection into the chromatograph of pure Bamet-R2 solution
(A) or bile samples that were obtained before (B) and after (C) in-
travenous 0.5 mmol Bamet-R2 administration to anesthetized rats
(n = 3).
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new cisplatin derivative obtained by binding cisplatin to
the carboxylate group of cholylglycinate, is efficiently taken
up by the rat liver and subsequently excreted into bile.
The cytostatic and antitumoral activities of this compound
have been reported elsewhere (11).

The facts that the Bamet-R2 molecule is not much
larger than that of CG and that its formation does not sub-
stantially affect the main part of the bile acid moiety hint
that it may be able to interact with bile acid carrier systems
located at the plasma membrane of the hepatocyte and
that it may endow this complex with the hepatobiliary or-
ganotropism that has been observed in vivo (23). The
findings reported here partly support these hypotheses.
Absence of toxic effect of up to 200 mm Bamet-R2 on rat

hepatocytes has been observed (unpublished data). How-
ever, disruption of the plasma membrane permeability
barrier at higher concentrations cannot be ruled out. This
may account for the sharp increase in the amount of plati-
num found in rat hepatocytes after incubation for 5 min
with Bamet-R2 concentrations above 200 mm (data not
shown). At lower Bamet-R2 concentrations, a carrier-
mediated process with high affinity and low capacity seems
to account for Bamet-R2 transport across the sinusoidal
membrane. This has been found to be sensitive to the in-
hibition by CG. In contrast to previously reported data for
Bamet-H2 (17), another platinum-containing bile acid de-
rivative with a negative charge, this process is not affected
by sodium removal. This and the absence of a negative
charge in the Bamet-R2 molecule together with the lack of
an inhibitory effect of Bamet-R2 on CG uptake suggest
that this carrier system is not the major sodium-dependent
pathway known to be responsible for bile acid transport
across the sinusoidal membrane of rat hepatocytes, the
Ntcp (24). Carriers of the oatp family are involved in so-
dium-independent transport of a variety of amphipathic
organic compounds including bile acids, neutral steroids,
and the cardiac glycoside ouabain across the basolateral
membrane of rat hepatocytes (24). Inhibition of Bamet-
R2 uptake by estrone sulfate, ouabain, CG, and more
markedly by the less polar bile acid CA suggests that these
transporters may be involved in the uptake of this neutral
bile acid derivative by rat hepatocytes.

Cisplatin uptake by the liver cell is not well understood,
although it has been proposed to be mediated by mecha-
nisms similar to those responsible for small neutral ami-
noacid uptake (for a review, see ref. 25). The marked dif-
ference with Bamet-R2 in uptake kinetics at non-toxic
substrate concentrations suggests that cisplatin does not
share the saturable transport process found in rat hepato-
cytes for Bamet-R2.

When cisplatin, and presumably Bamet-R2, are dis-
solved in the perfusate, where the chloride ion concentra-
tion is approximately 100 mm, the chloride of the com-
pound’s structure remains bound to them. Once in the
intracellular space, where the chloride concentration
drops to approximately 3 mm, these compounds are acti-
vated by chloride displacement to allow the formation of
aquo species, which are the reactive forms of this type
of drug due to their ability to act as potent electrophiles.
These react with any intracellular nucleophile, including
the sulphydryl groups of proteins and nucleophilic groups
of nucleic acids, leading to the formation of DNA adducts.
This is believed to account for their cytotoxicity. If this was
also true for Bamet-R2, two interesting hypotheses could
be advanced from the present results. Aquo species only
result in the loss of one chloride ion, leaving the diam-
mine-aquo-platinum(II) bound to CG, because after cross-
ing the intracellular space of the hepatocyte most of the
platinum(II) is recovered in bile still forming part of the
Bamet-R2 molecule. This suggests that DNA–Bamet-R2
adducts, if formed as reported (26), should be monoad-
ducts but not interstrand or intrastrand DNA cross-links.
The other consequence of this assumption is that the cat-

Fig. 4. Liver uptake (A), bile output (B) and liver content (C) of
cholylglycinate (CG), Bamet-R2, and cisplatin over 40 min perfu-
sion of isolated rat livers. The erythrocyte- and albumin-free Krebs-
Henseleit perfusion medium contained CG, Bamet-R2, or cisplatin
at the logarithmically indicated initial concentrations. Values are
expressed as means 6 SE; n 5 4 for each group. *P , 0.05 as com-
pared to Bamet-R2 group by the Bonferroni method of multiple
range testing.
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ionic form of Bamet-R2, where Cl2 is replaced by H2O,
forms part of the pool of intracellular molecular species.
Whether this is the major form transported across the
canalicular membrane is not known.

The formation of glutathione–cisplatin complexes is
considered to be a significant part of the cellular metabo-
lism of this drug and the ATP-dependent glutathione S–
conjugate export pump has been suggested to play a role
in the elimination of the glutathione–cisplatin complex
from tumor cells (27). Recently, the human gene homolo-
gous to the rat canalicular multispecific organic anion
transporter (cMOAT) or multidrug resistance protein
MRP2 gene has been found to be overexpressed in cis-
platin-resistant human cancer cell lines, and this is accom-
panied by a decreased cisplatin accumulation in these
cells (28). This protein mediates the excretion of multiva-
lent anionic conjugates (29). The absence of Bamet-R2
conjugation suggests that this pathway does not play any
role in Bamet-R2 bile output.

Another canalicular ABC transporter protein, the mul-
tidrug resistance protein (mdr1), mediates the excretion
of cytotoxic compounds. Additionally, surveys for similari-
ties among the substances transported by this P-glycopro-
tein indicate that most are amphiphilic, have a polar pla-
nar structure, and are 400- to 1,400-KDa cations (for a
review see ref. 30). Intracellular Bamet-R2 fits these char-
acteristics perfectly, suggesting that this compound is a
possible candidate for a mdr1 substrate.

In the present work, strong inhibition of CG on Bamet-
R2 bile output was observed, but no reciprocal inhibition

of Bamet-R2 on CG bile output was found. This is consis-
tent with the idea of Bamet-R2 being transported across
the canalicular membrane by mechanisms other than that
mainly responsible for natural bile acid secretion into bile,
such as the canalicular bile acid transporter cBAT, which
mediates the secretion of monovalent bile salts (29).

Bile acids are not substrates for P-glycoproteins but are
able to inhibit P-glycoprotein-mediated drug transport (31).
Therefore, alternative to the possibility of their sharing
canalicular transport systems, which is unlikely, CG may
affect Bamet-R2 bile output by inhibiting mdr1 and hence
reducing its efflux across the hepatocyte canalicular
membrane.

In sum, these results reveal that Bamet-R2 is efficiently
and rapidly cleared from plasma by the liver and is subse-
quently excreted into bile. These together with previously
reported cytostatic ability are promising properties in the
development of new cytostatic compounds with enhanced
hepatobiliary organotropism.
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Fig. 5. Effect of cholylglycinate (CG) on Bamet-R2
uptake and bile output by isolated rat livers perfused
in a recirculating system with an erythrocyte- and
albumin-free Krebs-Henseleit solution for 40 min.
The initial perfusate contained 0.1 mm Bamet-R2 with-
out (open bars) or with (striped bars) 50 mm CG. Val-
ues are means 6 SE (n 5 4). *P , 0.05 as compared
by the Student’s t -test.

Fig. 6. Effect of Bamet-R2 on cholylglycinate (CG)
uptake and bile output by isolated rat livers perfused
in a recirculating system with an erythrocyte- and al-
bumin-free Krebs-Henseleit solution for 40 min. The
initial perfusate contained 0.1 mm CG without (open
bars) or with (striped bars) 50 mm Bamet-R2. Values
are means 6 SE (n 5 4). *P , 0.05 as compared by
the Student’s t -test.
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