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Abstract-It is generally believed that the uptake of sulfobromophthalein by rat liver cells is mediated 
by a single carrier. Accordingly, kinetic plots obtained using a wide concentration range, failed to give 
any evidence of heterogeneity in the uptake and gave a K,,, of 8.9 + 2.5 pM and a maximal velocity of 
4.2 * 0.8 nmoIes/mi~106 cells. Na+-taur~holate inhibited competitively, but only partially, sulfo- 
bromophthaiein uptake by isofated rat liver cells. The taurocholate sensitive component of sulfo- 
bromophthaiein uptake followed Michaelis Menten kinetics with a iu, of 0.9 PM and a V,,,,, of 
0.47 nmolelmin/106 cells. Taurocholate inhibition reveals an heterogeneity in the uptake of sulfo- 
bromophthalein not shown in classical kinetic plots, indicating that two carriers are involved in the 
uptake of this dye by rat liver cells. The taurocholate sensitive carrier which displays an affinity for sulfo- 
bromophthalein ten times higher than that of taurocholate insensitive one, is probably identical to the 
Na+-independent carrier involved in bile salt uptake. 

Studies on the uptake of organic anions, such as 
sulfobromophthalein (BSP) and bilirubin, by rat 
liver, carried out either in the whole animal [l], in 
isolated perfused liver [2] or in isolated cells [3], 
have shown that this uptake is carrier-mediated and 
apparently not inhibited by bile salts. It was therefore 
concluded that organic anions and bile salts enter 
the liver uia separate carriers. Recently, however, 
it has been reported that BSP and bilirubin com- 
petitively inhibit the Na+-independent uptake of bile 
salts in rat liver cells [4], suggesting that there is a 
common carrier for the hepatic uptake of BSP, bili- 
rubin and bile salts. Such an hypothesis is conflicting 
with the absence of effect of bile salts on BSP and 
bilirubin uptake. This apparent discrepancy may be 
due to the fact that more than one carrier may be 
involved in BSP or bilirubin uptake by liver cells, 
as it has been proposed for the canalicular excretion 
[5]. This inhibition by bile salts may not have been 
detected to date due to the choice of substrate con- 
centrations used. By determining BSP uptake in a 
wide range of concentrations in the present study, 
we have been able to show that this uptake can be 
divided into two components; one is competitively 
inhibited by taurocholate which is the main bile salt 
found in the rat. This suggests that the uptake of 
bile salts and anionic drugs by the liver cells can be 
partially shared. 

MATERIAL AND METHODS 

Chemicals. [3sS]Suifobromophthalein sodium, 
purchased from Amersham radiocliemical Centre, 
has a specific activity of 50 mCi/mmole. The counting 
medium (Ready Solve E) was obtained from Beck- 

* Author to whom correspondence should be sent. 

man (Irvine CA, U.S.A.) and unlabeled BSP from 
Fluka (AC Buchs, Switzerland); Na+-taurocholate 
was from Maybridge (Tintagel N.C., U.K.). All the 
other reagents were of analytical grade. 

Isolation of liver cells. Hepatocytes were isolated 
from male Sprague Dawley rats, weighing 250-300 g, 
maintained on standard chow and having free access 
to water until killed, as previously described [6]. The 
cells were washed twice in the incubation medium 
(121 mM NaCl, 4.9 mM KCl, 1.2 mM MgSOa, 
0.13 mM CaC12, 1.2 mM KHzPOd, 16.5 mM 
Na2HP04) at pH 7.4 and gassed with a mixture of 
02 (95%) and CO2 (5%). The cell suspension was 
stored at +4”C in a culture flask at a concentration 
of about 20. lo6 cells/ml until used. Cell preparations 
were only used for uptake experiments when 85- 
95% of cells had a highly refractive membrane under 
the light microscope and when the intracellular K’ 
concentration, determined as previously indicated 
[6] was higher than 110 mM. We observed no sig- 
nificant change in these values, when the cells were 
stored as indicated above, for up to 3 hr. 

Uptake experiments. Incubations were performed 
on the cell suspension diluted to 0.5 X lo6 celisiml~ 
at 26°C in 8.2 ml of the medium described above. 
Uptake was initiated by adding labeled BSP (specific 
activity at arrival: 50 mCi/mmole) dissolved in the 
same medium. For BSP concentrations higher than 
1 ,uM labeled BSP was diluted four times with unla- 
beled BSP. The phosphate buffered medium (8.2 ml 
in a 50 ml erlenmeyer flask) was aerated in open air; 
the pH remained unchanged during the short time 
of the assay which never exceeded six minutes, 
including the preincubation. Taurocholate, when 
used, was added immediately before BSP in 0.2 ml. 
Uptake was stopped by dilution of 0.8 ml of incu- 
bation medium in 7.2 ml of ice cold medium followed 
by filtration on glass fiber filters. The filters were 
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washed with 7.2 ml of ice cold medium and directly 
counted using an Intertechnique spectrometer. The 
initial velocity of the uptake was determined from 
the slope of the linear portion of the time course 
curve. Measurements were made in duplicate at 10, 
20, 30 and 40 set, which all agreed within ?5%. 

RESULTS 

The relationship between extracellular BSP con- 
centration and initial uptake velocity follows Michae- 
lis Menten kinetics as previously shown [l-3]. Even 
using a wide range of BSP concentrations (0.03- 
20 PM), we failed to observe any evidence of het- 
erogeneity in the BSP uptake. The Eadie-Hofstee 
kinetic plot of the data (Fig. 1) gave a straight line 
from which a K,,, of 6.5 PM and a V,,,, of 
3.3 nmoles/min/106 cells could be calculated. The 
mean values obtained from five experiments were 
8.9 2 2.5 ,&I for the K,,, and 4.2 ? 0.8 
nmoles/min/106 cells for the V,,,,. The uptake of BSP 
by rat liver cells appeared to consist of only a single 
component; at most, in two experiments, the begin- 
ning of a second slope was obtained when BSP 
concentrations were lower than 0.1 PM. 

Na+-taurocholate partially inhibited the initial 
velocity of BSP uptake by rat liver cells (Fig. 2). 
Total inhibition of the initial uptake could not be 
obtained whatever the concentration of BSP or tau- 
rocholate used. The asymptotic values of the curves 
indicate the portion of BSP uptake subject to tau- 
rocholate inhibition. This can be easily determined 
by the method of Inui and Christensen [7] in which 
the reciprocal of the decrease in velocity caused by 
taurocholate inhibition was plotted against the 
reciprocal of taurocholate concentration. From this 
plot (Fig. 3) the reciprocal of the rate of BSP uptake 
subject to inhibition at infinite taurocholate concen- 
tration, can be calculated from the intercept with y 

Fig. 1. Eadie-Hofstee plot of BSP uptake by isolated rat 
liver cells. Initial velocities were determined as indicated 
under material and methods. From the intercepts on the 
axis we calculated a V,,,., of 3.3 mnoles/min/l06 cells and 

Fig. 3. Determination, according to Inui and Christensen 
of BSP uptake inhibited by Na+-taurocholate. The initial 
uptake velocities were determined in the absence (Va) and 
in the presence of different taurocholate concentrations 
(VT). The intercepts on the y-axis represent the reciprocal 
values of BSP initial uptake sensitive to taurocholate at 
different BSP concentrations. The data of Fig. 2 were used 

a K,,,of 6.5 PM. for this representation. 

Fig. 2. Na+-taurocholate effect on the initial velocity of 
BSP uptake. The curves were obtained at three different 
BSP concentrations. Each point is the mean (+-SEM) of 

3 or 4 experiments. 

axis. It appears that the taurocholate sensitive com- 
ponent of BSP uptake can vary from 35 to 80% of 
the total uptake, in relation with BSP concentration. 

As revealed by the Dixon plot of the data (Fig. 
4), taurocholate inhibition of the taurocholate sen- 
sitive component of BSP uptake is competitive, with 
a Ki of 50 @I. Incubation of the cells with 200 M 
of taurocholate had no effect on intracellular K+ 
content. The taurocholate sensitive component of 
BSP uptake, determined as indicated in Fig. 3, fol- 
lows Michaelis Menten kinetics yielding a K,,, of 
0.9 $4 and a V,, of 0.47 nmole/min/106 cells as 
calculated from Fig. 5. 

DISCUSSION 

Partial inhibition of BSP uptake by taurocholate 
could not have resulted from a non-specific effect on 
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Fig. 4. Dixon plot of the inhibition by taurocholate of taurocholate sensitive component of BSP uptake. 
Taurocholate sensitive BSP uptake was obtained as indicated in Fig. 3 for each BSP concentration. This 
value minus the decrease in the BSP uptake rate (V~VT) obtained at each taurocholate concentration, 
gives the remaining taurocholate sensitive BSP uptake which is plotted against taurocholate 

concentration. 

the cellular membrane, such as a detergent effect, 
since taurocholate does not change the intracellular 
K+ content, as previously shown [8]. In addition 
2 mM Na+-taurocholate (ten times the higher con- 
centration used in this study) is without effect on 
lactate dehydrogenase release from lymphocyte cells 
after a ten minute exposure at 37°C [9]. The com- 
petition observed between Na+-taurocholate and 
BSP, and the absence of effect of taurocholate on 
other carriers of the cell membrane [lo] are in 
accordance with a specific effect of taurocholate at 
the sites involved in BSP uptake. Several authors, 
however, have not observed such an effect of tau- 
rocholate or other bile salts, on BSP or bilirubin 
uptake [l-3]. This discrepancy can be explained by 
the choice of concentrations used; for instance, in 
isolated rat liver cells it would be difficult to detect 

any effect of taurocholate using BSP concentrations 
higher than 10 @I, since at these concentrations the 
taurocholate sensitive component of BSP uptake 
represents less than 20% of the total uptake. 
Recently it has been reported that taurocholate can 
decrease the amount of BSP taken up by the rat liver 
[ll] and of dibromosulfophthalein (DBSP) taken up 
by isolated rat liver cells [8]. 

By means of taurocholate inhibition, it is possible 
to divide the BSP uptake of rat liver cells into two 
components. Substraction of the high affinity com- 
ponent from total uptake showed that both com- 
ponents are saturable in relation to BSP concentra- 
tions (data not shown). This heterogeneity in the 
uptake of BSP can not be revealed by usual kinetic 
plots, even when a wide range of BSP concentrations 
is used, probably because of the small difference 

Wmar 0.47nmoUs/min/*‘d* 
Km: D.D VW 
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Fig. 5. Lineweaver Burk plot of the taurocholate sensitive component of BSP uptake. For each BSP 
concentration, the values of the BSP initial uptake sensitive to taurocholate were obtained from the 
intercepts on y-axis of Inui and Christensen plot as indicated in Fig. 3. Each value is indicated with the 
SEM calculated from three to five experiments. K,,, and V mar values of 0.9 @I and 0.47 nmole/min/106 

cells were obtained. 
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between the affinity constants of the two systems. 
The taurocholate sensitive component of BSP uptake 
is likely to be carried out by the Na’-independent 
carrier of bile salts, which can be competitively 
inhibited by BSP or bilirubin [4]. Such an hypothesis 
is supported by the close similarity which exists 
between the Ki value (50 PM) for taurocholate inhi- 
bition of BSP uptake obtained in the present study, 
and the K,,, (57 ? 3.8 ,uM) of the Na*-insensitive 
taurocholate uptake by rat liver cells [4]. 

The existence of several carriers for organic anions 
transport has already been postulated at the canal- 
icular level of the hepatocyte [5, 121. It is generally 
assumed that the pathways for excretion in bile of 
organic anions like BSP and bilirubin are not shared 
by bile salts [13, 141. It has been shown, however, 
that glycodihydrofusidate, an analogue of bile salts, 
can inhibit both BSP and bile salt excretion in the 
bile [1.5] and the bile acid ester sulfates can inhibit 
DBSP excretion [ 161. 

It remains hazardous to speculate on possible 
physiological consequences of a partially shared 
transport of organic anions and bile salts, primarily 
because both are bound to albumin. One may, how- 
ever, assume that it plays some role in situation such 
as cholestasis, where there is a delayed plasma clear- 
ance of various anionic drugs. In fact it has been 
observed that infusion of a high dose of dehydro- 
cholate in the dog can decrease the transfer rate of 
BSP from the plasma to the liver [17]. In man [18], 
kinetic data strongly suggest a transport of BSP very 
similar to that observed in the rat, and cholestasis 
again yields a diminution of the plasma- to- liver 
transport of the dye. 
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