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Abstract-Transport characteristics for uptake and release of dibromosulphtha~~in (DBSP) by isolated 
rat liver cells were studied. The rate of uptake is dependent on the extracellular protein concentration 
and follows ~ichaeli~Menten kinetics with respect to the unbound substrate concentration; the process 
has an apparent K,,, of 2.1 C 0.3 PM and a V,, o f 2.0 t- 0.4 nmolfmin per IO6 hepatocytes. The 
activation energy amounts to 109 * 8 kUmo1 at 1 #A DBSP. Uptake is only partly dependent on 
metabolic energy and is independent of the Na’ gradient across the membrane, Adsorption to the cell 
membrane occurs with two types of binding sites with affinity Ki = 1.3 FM; n, = 1.6 nmol/~06 cells and 
K2 = 43 PM; nz = 3.9/l@ cells. The uptake is inhibited by indocyanine green and evans blue. 

The rate of release of DBSP is independent of the extracellular protein concentration and follows 
Michael~s-Menten kinetics with an apparent K,,, = 21 i 4 nmn~/106 hepatocytes. Release is independent 
of the Na’ gradient across the membrane and is only slightly dependent on metabolic energy. Omission 
of Ca” from the incubation medium did not have any influence on the uptake rate of DBSP but lowered 
the rate of release from the cells by about 10%. It is concluded that the uptake of DBSP into rat 
hepatocytes occurs against an electroch~micai gradient in contrast to the release of DBSP from the 
cells. The release process shows characteristics similar to biliary secretion in vioo, its capacity under 
first order kinetic canditions is a factor of 100 Iower than that of the uptake process. 

The hepatic clearance of organic anions like dibro- 
mosulpht~alein (DBSP) and bromosulphthalein 
(BSP) can be influenced by several factors, which 
ingude (1) binding to plasma proteins [l, 21, (2) 
hepatic blood flow [3], (3) transport velocity across 
the sinusoidal membrane 14-63, (4) binding to intra- 
cellular proteins and organ&es [7, S], (5) transport 
velocity across the canaiic~lar membrane 191, and 
(6) bile production [lo, II]. Although there are 
numerous studies on organic anion transport in Iiver, 
the mechanisms of uptake and biliary excretion 
remain to be clarified. The preparation of the isolated 
hepatocytes enables us to study membrane transport 
processes, without complicating factors such as 
hepatic blood flow and bile production. Data on BSP 
transport into hepatocytes are conflicting: Schwenk 
et ai. [5] suggested a passive uptake mechanism, 
whereas Van Bezooyen ef al. [6] suggested energy 
dependency of the uptake process. 

In the case of BSP the secretion from the ceils is 
complicated by formation of ~lutathione-conjugates 
in the cells [ 321. Therefore we decided to study both 
uptake and release of DBSI?, the 3,&dibrorno ana- 
logue of BSP which is not metabolized in the rat 
liver 121. Until now only some preliminary data have 
been available on the actual mechanism of DBSP 
transport in isolated hepatocytes [ 13). 

In an earlier study we investigated the influence 
of protein binding on DBSP clearance in isolated 
perfused rat liver [ZJ. The results of this study indi- 
cated that the hepatic uptake rate is inversely related 
to the albumin concentration in the perfusion 
medium, although the exact relation of free drug 

concentration and this transport step was not char- 
acterized in detail. Therefore in the present study 
the uptake and release process in isolated hepato- 
cytes was studied at different substrate-protein 
ratios. 

Schwenk et al. IS] found competitive inhibition of 
the uptake of BSP in isolated hepatocytes by the 
organic anion indocyani~~ green (ICG) at low BSP 
concentrations. Since ICG is supposed to interfere 
with the biliary excretion process of BSP on the level 
of the canalicular membrane [29] it was also of 
interest to study the influence of ICG on the release 
of DBSP from the cells in view of the fact that it is 
still uncertain whether the biliary secretion process 
is preserved in isolated h~patocytes [13,14]. 

MATERIALS AND METHODS 

Male Wistar rats (290-310 g), which had free 
access to laboratory food and water, were used. 

Material 

DBSP was obtained from SociCtC d’Etudes et de 
Recherches Bioiogiques (S.E.R.B.), Paris, France; 
ICG from Hynson, Westcott and Dunning Inc., 
Baltimore, U.S.A.; albumin (demineralized bovine 
albumin) from Poviet, Oss, Holland; collagenase 
(type I) and carbonylcya~ide ~-chlorophenyl hydra- 
zone (CCCP) from Sigma Chemical Co., St, Louis, 
U.S.A.; trypan blue from J. T. Baker Chemicals 
N.V., Deventer, Holiand; ~timycin A from Boeh- 
ringer, Mannheim, Germany. All other chemicals 
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were obtained from E. Merck A.G., Darmstadt, 
Germany. 

Chemical analysis 

DBSP in the cells and in the medium was extracted 
with 80% methanol and measured spectrophoto- 
metrically at 575 nm after making alkaline with 8 N 
NaOH, resulting in a pH > 10 [13]. 

isolatiun of hepatocytes 

Liver cells were isolated according to the pro- 
cedure of Berry and Friend 1151 as modified by Vonk 
et al. [13]. 

During preparation of hepatocytes the liver was 
perfused (at 37”) via the vena porta by a Ca’+-free 
Hanks medium [15] with 25 mM NaHCOl and con- 
stant gassing with carbogen (95% O2 and 5% COZ). 
After 8 min, perfusion was continued with a 
recirculating Hanks medium containing 0.03% col- 
lagenase and 1.3 mM Ca*+. The perfusion was 
stopped after 20 min. Subsequently the gently dis- 
rupted tissue was transferred to a Dubnoff metabolic 
shaker (37”, 5 min, under carbogen). After filtration 
through a nylon filter (pore size 100 pm) the cells 
were washed twice by adding standard incubation 
medium and centrifugation at 50 g for 15 min. 
Subsequently they were stored at 0” in the standard 
incubation medium containing 118 mM NaCl, 5.0 
mM KCl, 1.2 mM MgSOd, 0.13 mM CaClz, 1.2 mM 
KHzPOJ, 5.0 mM glucose, 2% albumin and 25 mM 
NaHC03; the medium was buffered to pH 7.4 with 
10 mM HEPES (N-2-hydroxyethyl-piperazine-N’- 
2-ethane-sulfonic acid). Before use the maximal 
period of storage was 1 hr. 

Viability tests 

Trypan blue exclusion test. Exclusion of the dye 
by the hepatocytes was tested by a 2-min incubation 
with 0.4% of the dye dissolved in the standard 
incubation medium. The intracellular K+-concentra- 
tions were determined according to Vonk et al. [ 131. 
Stimulation of respiration by 1 mM succinate was 
measured at 37” using a Clark type of oxygen elec- 
trode. The incubations were done in standard incu- 
bation medium; 10h hepatocytes were added to a 
final volume of 1.6 ml. 

Preparations were discarded if less than 95% of 
the cells excluded trypan blue or if the stimulation 
by succinate was more than 20%. Storage at 0” 
changed the parameters of cell quality, in accordance 
with the results of Baur et al. [16], but this effect 
appeared to be reversible in a 15-min pre-incubation 
period at 37” under carbogen if the cells were stored 
at 0” no longer than 2 hr. 

Uptake experiments 

The number of cells was counted with a Coulter 
Counter or a hemocytometer. For incubations, the 
cell suspensions were diluted to a final concentration 
of 5 x IO6 cells/ml. After 15 min preincubation at 
37”, incubation was started by addition of the sub- 
strate to 3-ml cell suspension and stopped by placing 
the tube on an ice-salt mixture: this resulted in a 
rapid stop of the reaction (within 15 set the tem- 
perature had fallen below lo”, at which uptake rate 
is reduced to only 3% of the value at 37”). Thereafter 

the cells were washed twice by resuspending them 
in ice-cooled incubation buffer and recentrifugation 
as described in the isolation procedure. No change 
of drug content was observed during storage on ice. 
Initial uptake velocities were determined from the 
slopes of the linear part of the curves. 

Adsorption to the cells was determined by adding 
DBSP to the stirred cell suspension and immediate 
cooling. Taking into account the uptake course in 
time, only negligible amounts can be taken up in a 
few seconds so that the amount of DBSP associated 
with the cells at this time very likely represents 
adsorption to the cells. This can also be inferred 
from the y-intercept of the uptake curves being 
practically identical to the ‘f = 0’ value. 

Unless otherwise indicated in the text, all experi- 
ments were performed in duplicate with at least four 
separate hepatocyte preparations. The individual 
points in the figures are the mean of four such 
experiments. The kinetic constants K,,, and V,,,,, were 
calculated from the individual experiments using 
double reciprocal plots and expressed as mean 
i S.E.M. 

Release experiments 

Cells were loaded with DBSP at various concen- 
trations of the dye. After 20-min loading, the cells 
were washed twice with the ice-cooled buffer, 
resuspended in the same buffer and incubated again 
in portions of 3 ml for different time intervals. 
Incubations were stopped and the cells were washed 
as described for the uptake experiments. 

Measurements of unbound concentrations of DBSP 

Unbound concentrations of DBSP were deter- 
mined in ultrafiltrates, which were prepared accord- 
ing to the method of Toribari et al. [31] with a 
centrifuge located in a room conditioned to 37”. 
Pieces of dialysis tubing were washed twice in water 
for 15 min. Excess of water was removed by wiping. 
Each piece of tubing was filled with 1.4 ml of medium 
and suspended in a test tube in a U shape. Centri- 
fugation for different time periods at 37” at 2000 rpm 
showed that the unbound fraction in the uhra- 
filtrate remained constant between 40 and 60 min. 
We decided to use the total 60-min period ultrafil- 
trate; in this period about 150 ~1 of ultrafiltrate was 
produced. 

Determination of Y and Z proteins 

Hepatocytes co~esponding to 1 g of Iiver were 
destroyed by pressure homogenization under nitro- 
gen in a 50 mM Tris buffer (pH 7.4), which contained 
0.25 M sucrose, 2.5 mM KC1 and 5.0 mM MgCl2 
[17]. The homogenate was centrifuged at 165,OOOg 
for 60 min. The supernatant was applied to a Sepha- 
dex G-75 column and the binding capacity of the 
cytosolic proteins was quantified by adding an excess 
of DBSP as described before [2]. 

RESULTS 

Viability of the cells 

Between 95 and 98% of the cells excluded trypan 
blue, while the intracellular K+ concentrations 
ranged from 120 to 140 mM; stimulation of respi- 
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ration by 1 mM succinate was less than 20%, all 
indicating that the cells were highly viabie. As an 
additional parameter of viability the cell content of 
ligandin (Y protein) and Z protein was used. The 
ligandin binding capacity for DBSP in the cytosol of 
isolated hepatocytes was 0.062 * 0.004 pmol/g wet 
liver weight (n = 3, I?; S.E.M.). In the cytosol of 
liver it appeared to be 0.067 f 0.001 .umoVg (n = 
5). The Z protein binding capacity for DBSP in 
isolated cells was 0.048 ” 0.011 pmolig (n = 3); the 
same value was found in cytosol of the intact liver 
(0.048 k 0.001, II = 5). The values for the hepato- 
cytes are calculated with the assumption that the 
liver contains 114 x lo6 parenchymal cells/gwet liver 
[18]. It could be concluded that the Y and Z protein 
contents, which are often supposed to be involved 
in the transport of organic anions, did not change 
during the isolation procedure. 

Uptake experiments 

Time course of DBSP uptake. Figure 1 shows the 
time course of uptake by isolated hepatocytes at 
various albumin concentrations in the incubation 
medium, ranging from 0.2 to 2.0% (w/v) and a fixed 
total DBSP concentration. A fast adsorption process 
is evident from the y-intercept of the curves. At the 
low albumin concentrations influx is linear for about 
2 min. Subsequently the rate of uptake seems to 
decrease and a steady state is reached after more 
than 30 min. In this situation the velocity of uptake 
is equal to that of the release from the cells. At the 
higher albumin concentrations the linear portion of 
the curve is shorter and the steady state is reached 
earlier. Figure 2 shows the initial uptake velocity at 
various unbound DBSP concentrations obtained 
from the experiments depicted in Fig. 1. 
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Fig. 1. Time course of DBSPuptake by isolated hepatocytes 
at different albumin concentrations. Hepatocytes (15 x 10h 
cells) were suspended in 3-ml standard incubation medium 
pH 7.4 and preincubated for 15 min under carbogen (95% 
02 and 5% CO*) at 37”. At time zero DBSP was added at 
a final concentration of 122 PM. Uptake of DBSP was 
linear for at least 2 min. From the slope of the straight 
lines the initial velocity of uptake was calculated. The 
albumin concentrations used were: 0.2% (A), 0.3% 

(A), 0.4% (131, 0.5% (m), 1.0% (01, 2.0~ (*I. 
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Fig. 2. Linear plot of the initial uptake rate vs unbound 
DBSP concentration. Closed symbols represent values 
obtained from Fig. 1. in which the albumin concentration 
was changed. Open symbols represent values from experi- 
ments in which the albumin concentration was fixed at 
2.0% and the DBSP concentration was changed (122-1220 
uM). The unbound DBSP concentrations were determined 

by ultrafiltration. 

The picture is identical with that obtained from 
experiments in which various DBSP concentrations 
were used and the albumin concentration was fixed 
at 2.0%. Both types of experiment indicate that the 
unbound concentration determines the uptake veloc- 
ity. The apparent K, was computed to be 2.1 t 0.3 
FM and V,., was 2.0 2 0.4 nmol/min per 10’ 
hepatocytes. 

The adsorption data of DBSP on the cells were 
further analyzed by a Scatchard plot (Fig. 3). From 
the steep part of the curve a dissociation constant 
of 1.3 @I was obtained. The corresponding binding 
capacity for DBSP was 1.6 nmoI/lOh cells (9.6 x 10’ 
molecules of DBSP per cell). A second type of 
binding site had a dissociation constant of 43 PM and 
the binding capacity for DBSP was 3.9 nmol/106 cells. 

Temperature dependency of the uptake process. 
Cells were incubated at different temperatures rang- 
ing from 19 to 42” at an unbound DBSP concentration 
of 1.0 PM. An Arrhenius plot is shown in Fig. 4. An 
apparent activation energy of 26 i 2 kcalimol (109 
kJ) was calculated, a value which is in the normal 
range of carrier-mediated transport [ 191. 

Influence of metabolic inhibitors on uptake. Car- 
bonylcyanide m-chlorophenylhydrazone (CCCP, an 
uncoupler of the oxidative phosphorylation) at a 
concentration of 2 yM, added 5 min prior to DBSP 
to the cells, inhibited the initial uptake of DBSP at 
a concentration of 1 +uM by 19 L 8% (n = 5, 

* S.E.M.). At a concentration of 20 PM CCCP the 
uptake rate was diminished by 49 ? 8% (n = 5). 
Neither the uncoupler dinitrophenol (DNP) at a 
concentration of 1.6 mM nor the respiratory inhibitor 
KCN at a concentration of 2.0 mM inhibited the 
uptake rate of DBSP. Antimycin A, an electron 
transport chain inhibitor, at a concenfration of 



A. Bto~, K, KHILEMANS and D. K. F. MEUER 

1 

Fig. 3, Scatchard @et to determine the adsorption of DBSP 
on the c&s. The data were obtained from the intercepts 
at time zero in Fig. 1. Experimental detaits as in Fig. 1. 
From the slopes of the lines two dissociation constants were 
obtained: KI = 1.3 @l and KZ = 43 ,uM. The number of 
binding sites, obtained from the intercepts on the abscissa, 
were 1.6 nmol/lOb celts and 3,9 nmoVl0 ceils, respectively. 

5) is the unbound c~~cent~atio~ of DBSF, 

20 @ml, inhibited the DBSP uptake (1 ,uM) by 
32 rt 396 (n = 3). 

E#ect of extrucehlffr Na+ concentration *tl lcpmke 
crf DBSP. To study possible Na+ dependency of the 
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Fig. 4. Effect of the temperature on the initial uptake 
vek?city of DBSP (Arrhenius plot). Initial uptake velocities 
(5’0) wxe calculated at an unbound DBSP c5t1m1tra&m 

of 1 p&f. Log V. was pfatred against t/T. The sbpe 
represents an activation energy of 26 kcalimot (109 k_F). 

transport process, sodium salts in the medium were 
iso-osmotically replaced by the corresponding 
lithium or potassium salts or sucrose. Replacement 
by Li’ or Kt did not change the uptake velocity? 
whereas replacement by sucrose decreased the 
uptake velocity significantly to about 30% of the 
control level (Table 1). The latter effect can be 
caused by changing of the CI- concentration in the 
medium , 2s it is known that replacement of estra- 
cefhdar N&t by sucrose results in a hyperpotariza- 
tion f20]= 

~~~~~it~u~ uf up&&~ by other organic nninns. To 
determine the specificity of the uptake process, the 
influence of the organic anion ICG was studied. ICG 
is rapidly taken up in isolated hepatocytes by a 
saturable carrier-mediated process f21]. fCG 
inhibited uptake af DBSP. As demonstrated by the 
Lineweaver-Burk plot the type of inhibition was not 
purely non-competitive nor purely competitive (Fig. 
5). A Dixon plot of these data is shown in Fig. 6. 
The straight lines are converging to a point above 
the abscissa indicating competitive inhibition by ICC 
with iin apparent K, of about 7 @54 (total concen- 
tration). The adsorption of DBSP to the ceffs was 
only noderateIy affected by ICG. At equimolar con- 
centrations (100 yM) KG inhibited DBSP adsorp- 
tion by only 16%. Analysis of the adsorption data 
according to Scatchard showed no significant change 
of the binding parameters. Another organic anion, 
evans blue, which is very poorIy taken up itself in 
the liver cell 1321, inhibited the uptake of DBSP 
significantly at an inhibitor-substrate ratio of I: 1. 
This indicates that the possible external. adsarption 
of evans bIue is sufficient to produce transport 
inhibition. Detection of the inffuence of evans bIue 
on the adsorption of DBSP to the celts was not 
feasible in the present experiments. 

~~~~e~~e 0f ~~t~a~~~~~#~~ Cd ’ ~~~&~~t~~~~~~ 021 
~~~t~~~ of DBSP. Changing the CaCfz cancentration 
in the standard incubation medium (0.13 mM) to 
OmM or 2S mM, respectively, did not have any 
influence on the uptake rate of DBSP. 

Table 1. Effect of extracetlular concentration of Na on 
rate of DBSP transport 

Extracellular 
concentration Rate of uptake Rate of ~&SSCZ 

f 

cz#q 
Substitution 

rmW (5% controij { % control] 

143 0 sucrose 100 (5) lf3f.I (5) 
25 236 sucrose 62 (41 100 (1) 
Q 286 sucrose 28 (2) 71 (21 

25 118 K+ 100 (1) ran f 1) 
25 Il.9 ci+ 100 (1) IQ0 (1) 
0 143 I.2 t@J (11 76 (2) 

In the standard medium Na’ was replaced by different 
substances. The initial rates of uptake were determined at 
an unbound DBSP concentration of 1 PM; the initial rates 
of release were determined at an initial ceil content of 
3.0nmo! DBSF/l# cells. The numbers in parentheses 
in&ate the number of experiments. Each value is cajcu- 
fated from five data points in time and is compared with 
a .shnuItaneouslv eerformed corttrol exneriment. 
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Fig. 5. Lineweaver-Burk plot of DBSP uptake showing 
inhibition by ICG. The inhibitor was added 5 min before 
the addition of DBSP. The reciprocal initial uptake veloc- 
ities were plotted against the reciprocal unbound DBSP 
concentrations. The plot represents data for different KG 
concentrations: without inhibitor (0), 50 PM (O), 100 PM 

(A). 

Release experiments 

Time course of DBSP release. In Fig. 7 the time 
course of release from the cells at various initial 
intracellular concentrations of DBSP is shown. The 

IICG I i ~MI 

Fig. 6. Dixon plot of DBSP uptake for the determination 
of the Ki for ICG. The data of Fig. 5 were used. l/V0 is 
plotted against the KG concentration at different DBSP 
(unbound) concentrations: 1 @f (O), 2.5 fi (0), 5 pM 
(A), 10 @t (A), 20 PM (v), 40 FM (V). Projection of 
the intersection to the base-line gives a K, of 7 ,uM for 

ICG. 

L 

5 10 !5 20 
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Fig. 7. Time course of DBSP release from isolated hepato- 
cytes. Cells were preincubated batchwise (5 x lo6 cells/ml) 
for 15 min at 37” in standard incubation medium with 2.0% 
albumin. DBSP was added to different final concentrations. 
After a ZO-min loading period cells were washed twice with 
ice-cooled buffer and subsequentIy resuspended in the same 
standard incubation medium with 2.0% albumin. The efflux 
was linear during 5 min. From the slope of the straight lines 

the initial velocities of release were calculated. 

curves are Iinear during the first 5 min of incubation 
at all intracellular concentrations used. Therefore a 
deviation from linearity is seen and a steady state 
is reached after 20 min at the lowest initial intra- 
cellular concentration, and after more than 30 min 
at the highest concentration. In this steady state the 
velocity of release is equal to that of the (re)uptake 
in the cells. The initial velocity of release from the 
cells is, in contrast to the uptake process, indepen- 
dent of the albumin concentration in the medium. 
At low albumin concentrations the re-uptake of 
DBSP is very rapid and consequently the release 
from the cells is not easily demonstrated. Therefore 
the release experiments were performed in a medium 
which contained 2.0% albumin. Plotting the initial 
rates of release vs initial cell content yielded a 
non-linear curve approaching a maximal value, 
indicating a saturable process. The apparent K, was 
computed to be 21 2 4 nmol/106 cells and V,,,,, was 
0.9 +- 0.2 nmol/min per lo6 hepatocytes. 

Temperature dependency of the release process. 
Hepatocytes were loaded at 122 PM DBSP for 20 
min at 37” in a medium which contained 2% albumin. 
After washing, the rate of efflux was measured at 
various temperatures ranging from 19 to 40”. An 
Arrhenius plot is shown in Fig. 8. An apparent 
activation energy of 14.0 k 0.3 kcaUmol(59 kJ) was 
calculated. This is in the range of values for 
carrier-mediated membrane transport 1191. 

Influence of metabolic inhibitors on release. The 
metabolic inhibitors used, were added to the cells 
during the last 5 min of the loading period. After 
washing the cells twice, the release was studied in 
a medium which contained the same inhibitor con- 
centration as during the loading period. DNP (1.6 
mM) inhibited the release by about 20%, while 2.0 
mM KCN failed to influence the release. The influ- 
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Fig. 8. Effect of the temperature on the initial velocity of 
release of DBSP (Arrhenius plot). Cells were loaded with 
DBSP at 37” in a medium with 2.0% albumin and to which 
122 FM DBSP was added. After washing and resuspending 
the cells, release was studied at various temperatures. The 
initial rates of release were determined as indicated in 
legend to Fig. 7. Log VO was plotted against l/T. The slope 

represents an activation energy of 14 kcal/mol (59 kJ). 

ence of 20 PM CCCP ranged from 30% inhibition 
to a stimulation of 10% of the release velocity. 
Antimycin A at a concentration of 20 pg/ml inhibited 
the release of DBSP by about 20%. 

Effect of extracellular Na.+concentration on the 
release of DBSP. Sodium chloride was iso-osmoti- 
tally replaced respectively by LiCI or sucrose. Na’ 
replacement by Li+ inhibited the release of DBSP 
by 24% and replacement by sucrose inhibited the 
release of DBSP by 29%. 

Inhibition of the release by other organic anions. 
Indocyanine green added to the release medium in 
a concentration of 50 PM (total concentration) 
inhibited the initial velocity of release of DBSP from 
the cells (initial cell content 3 nmol DBSPilO’ 
hepatocytes) significantIy (l@-30%). ICG initially 
present on the inner face of the cell membrane at 
an inhibitor-substrate ratio of 1:3 also inhibited the 
release of DBSP (4575%). In the latter case, ICG 
was added to the cells during the last 5 min of the 
loading period; it has been reported that ICG is 
taken up into isolated hepatocytes [13,21]. 

~n~uen~e of extrace~~~~ar Ca’+ concentration on the 
release of DBSP. When the CaClz concentration in 
the standard incubation medium was lowered to 
OmM the rate of release decreased significantly by 
11% (n = 3), whereas in a medium with 2.5 mM 
CaC12 the release velocity was increased by 9% 
(n = 3). 

DISCUSSION 

The use of isolated hepatocytes has some advan- 
tages over studies with the intact liver, either in vivo 

or in the isolated perfused liver. There are no com- 
plicating factors such as hepatic blood flow or bile 
production which are known to influence the hepatic 
transport process of BSP and DBSP [3, 10,ll). An 
important advantage of the use of isolated hepato- 
cytes is that the uptake and release process can be 
studied independently. There are numerous indi- 
cations that these transport steps are mediated by 
two different transport processes. Schwarz et al. 
found a clear difference in activation energy for 
uptake and release of taurocholate [ 14,221, while in 
the present paper the same is found for uptake and 
release of DBSP. The same authors showed that the 
taurocholate uptake is Na’ dependent. while the 
release of the bile acid is independent of the extra- 
cellular Na’ concentration. The taurocholate uptake 
into isolated hepatocytes is inhibited by taurolitho- 
cholate, cardiac glycosides and cholestatic steroids 
[22-241. In contrast, the release seems to be little 
affected. The cardiac glycoside K-strophanthoside 
strongly inhibits the uptake of d-tubocurarine, while 
its release is hardly changed (unpublished observa- 
tion from the authors), 

In an earlier report [2] it appeared that the rate 
constant for the primary hepatic uptake of DBSP 
increased with decreased albumin concentrations. 
This observation is confirmed in the present study, 
showing that the uptake velocity is dependent on the 
albumin concentration. In contrast, the release 
velocity from the cells is not influenced by the albu- 
min concentration in the medium. From the uptake 
experiments it can be concluded that the unbound 
concentration of DBSP defines the uptake velocity 
which is in agreement with the finding of Schwarz 
et ai. that the uptake was inhibited by the addition 
of albumin [S]. Hence uptake velocity at high albu- 
min concentration (2.0%) or very low albumin con- 
centration (0.2%) were identical provided that the 
total DBSP concentration was chosen such that the 
unbound DBSP concentration was similar (see Fig. 
2). we conclude that the uptake process itself did not 
deteriorate as the consequence of changing the 
albumin concentration and also that albumin does 
not facilitate DBSP uptake into the cells. 

Kinetic analysis of the uptake data and its temper- 
ature dependency indicate that the uptake is a 
carrier-mediated process. The Scatchard plot of the 
adsorption data reveals the existence of two types 
of binding site, from which the one with the higher 
affinity for DBSP has a dissociation constant in the 
same order of magnitude as the apparent k’,, value 
for the uptake process. This might imply that the 
observed binding site possibly represents the carrier 
binding site. 

The V,,, of DBSP release from the cells corre- 
sponds very well with the T,, value in the intact 
organ. in viuo it was found to be 0.6 ,umol/min per 
10 g of liver and in the isolated perfused liver 0.5 
pmolimin per 10 g of liver 1251. This suggests that 
the isolated hepatocytes used in this study still have 
a normal excretory capacity. The same has been 
concluded for the taurochoIate excretion [14]. The 
intrinsic clearance of the uptake process, calculated 
as the I/,,,/K, ratio, is 95 x 10-l mlimin per 10’ 
cells. Calculation of the intrinsic clearance of the 
release process is more complicated as the unbound 
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intracellular concentration of DBSP is not exactly 
known. Preliminary subcellular distribution studies 
with DBSP reveal an unbound fraction of about 3% 
over a wide range of hepatic total concentrations. 
With this value an intrinsic clearance of the release 
process is calculated to be 85 X 10m4 mlimin per 10” 
cells, assuming an intracellular volume of 6 ,ulilOh 
hepatocytes. This supports the idea that biliary 
secretion is the rate-limiting step in the overall liver 
transport. 

Whether or not the uptake of DBSP into isolated 
hepatocytes is a concentrating process depends on 
the concentration used of DBSP and of albumin. 
Using the data from Fig. 1 and the above-mentioned 
subcellular distribution studies it can be calculated 
that with 2.0% albumin in the incubation medium 
a concentration gradient of unbound DBSP of about 
60 exists between hepatic cytosol and medium. This 
concentration gradient is considerably lower at an 
albumin concentration of 0.2%, viz. 10, but in the 
latter case the extracellular unbound DBSP concen- 
tration is 3 times higher than the K,,, value for uptake. 
In experiments in which the unbound DBSP con- 
centration is 50 times higher than the K,,, value a 
concentration gradient of 1 is hardly reached, which 
can be explained by relatively early saturation of the 
uptake process. For the release process, under con- 
ditions far below the K,,, value for this process, an 
unbound concentration gradient of only maximally 
1.5 could be calculated. In these experiments the 
re-uptake of DBSP was inhibited by addition of 
1 mM taurocholate [13]. Moreover, the inner side 
of the cell membrane has a negative charge and 
DBSP is an anion; therefore it is most likely that the 
uptake process of DBSP is a concentrating phenom- 
enon, whereas the release does not occur against an 
electrochemical gradient. The observed effects of 
the metabolic inhibitors in the intact cell preparation 
were rather small and in some cases inconsistent, in 
accordance with other reports [5,6,14,22,26]. The 
particular data therefore do not allow conclusions 
concerning differentiation in the two transport 
processes. 

It seems evident from literature that more than 
one carrier is involved in the transfer of organic 
anions from plasma into liver cells. The Na’-depen- 
dent systems seem to be specific for the bile acids 
[22,27] whereas the non-bile acid organic anions 
BSP and ICG are transported by a Na+-independent 
system [S, 211. The same can now be concluded for 
the uptake of DBSP. Scharschmidt demonstrated in 

viva mutual competitive inhibition of the uptake of 
ICG, BSP and bilirubin [4] while ICG competitively 
inhibits BSP and DBSP uptake into isolated hepato- 
cytes [5, this study]. Whether all the organic anions, 
other than bile acids, are transported by the same 
Na+-independent carrier system is not yet clear 
[5,281. 

In the present study it was demonstrated that ICG 
also inhibits the release of DBSP, which is in agree- 
ment with the finding of Wheeler et al. that ICG 
inhibits also the biliary excretion of BSP [29]. As the 
release of DBSP from the cells and the biliary excre- 
tion of DBSP in the intact organ are not inhibited 
by taurocholate [ll, 131, it is concluded that the 
transport of organic anions from liver into bile also 

depends on more than one carrier system. 
Recently it has been reported that, in the isolated 

perfused liver, omission of Ca2+ from the medium 
resulted in an increased efflux rate of BSP (BSP- 
glutathione) across the sinusoidal membrane [30]. 
Even at a Ca2+ concentration of 0.1 mM, which kept 
bile flow and BSP concentration in bile constant, an 
additional release of conjugated BSP into the per- 
fusate was seen. We could not confirm this obser- 
vation with DBSP (which is not conjugated with 
glutathione) in preliminary perfusion experiments 
with 0.1 mM CaCl2 in the perfusion medium. No 
efflux of DBSP into the perfusion medium occurred. 
This might imply that the efflux phenomenon 
observed with BSP by Hdke et al. (301 is closely 
related to formation of the glutathione-conjugate of 
BSP. In our perfusion system at 0.1 mM CaClz we 
only detected a decrease in the transport velocity 
from liver into bile, combined with an unchanged 
bile flow. In the isolated hepatocytes preparation we 
found a small, but significant reduction of the rate 
of release of DBSP from the cells. These combined 
observations support the idea that the biliary excre- 
tion process in hepatocytes is at least partly preserved 
after isolation. 
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