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SUMMARY : The specific liver function of removing fpreign compounds from the 
serum was investigated by measuring the uptake of 1 Slbromsulfophthalein by 
isolated liver parenchymal cells. 
cells in cell concentrations 

To obtain a maximum uptake, ,$he parenchymal 
rangin etween 0.95 and 0.4 x 10 cells/ml were 

incubated with a dose of 30 nmoles SIbromsulfophthalein~ml for 15 min at 
37OC. An uptake of 2.87 + 0.18 nmoles bromsulfopthalein/lO cells was measured. 
The saturation of the rate of bromsulfophthalein uptake with increasing amounts 
of bromsulfophthalein in the medium, the ability to take up free bromsulfoptha- 
lein against a concentration gradient and the dependence of the uptake mecha- 
nism on temperature and metabolic energy suggest the presence of an active 
carrier system for the uptake of bromsulfophthalein by liver parenchymal cells. 

INTRODUCTION: One of the major functions of the liver is the transfer of 

organic anions such as bilirubin, several steroids and drugs from the plasma 

into the parenchymal cells. The capacity of the liver to take up organic 

anions can be determined in vivo by the clinical bromsulfophthalein (BSP) -- 

retention test. In this test, intravenously injected BSP combines mainly with 

the serum albumin and this complex is transported to the parenchymal liver 

cells (1). After dissociation from albumin, BSP is transferred from the blood 

into the parenchymal cells. In the cytoplasm of the cells, the BSP is partially 

bound by Y protein (ligandin) (2). The bound BSP is then conjugated with 

glutathione by glutathione S-transferase B, which may be identical to ligandin 

(3). Both the unconjugated and the conjugated BSP are finally excreted into 

the bile canaliculi. 

Homogeneous liver parenchymal cell suspensions are uniquely suitable for 

studying liver-specific functions and for quantifying these functions on a 

cellular basis. A method was developed to quantitate one of these specific 

liver functions, viz. - the uptake of BSP, with hepatocyte suspensions. The 

nature of the processes by which BSP and other organic anions are transported 

across the cell membrane will also be described in this report. 

Abbreviation: BSP, bromsulfophthalein. 
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MATERIALS AND METHODS: Three-month-old female WAG/Rij rats, weighing 130-160 
g, were used. The maintenance conditions have been previously described (4). 
The standard medium employed in all experiments had the same composition as 
described earlier (4) except that the fructose, glucose and sucrose concentra- 
tions were 20, 20 and 150 mM, respectively. Parenchymal cells were isolated 
from rat liver as reported earlier (4) with the following modifications: A 
preperfusion was performed with standard medium at a rate of 15 ml/min for 15 
min. After the preperfusion, the liver was perfused by a recirculation tech- 
nique with standard medium containing collagenase (0.05%) and hyaluronidase 
(0.10%) at a rate of 15 ml/min3for 20 min. The oxygen tension in the medium was 
maintained at at least 50 x 10 Pa. These modificat'ons resulted in a higher 
yield of viable cells, which ranged from 30-40 x 10 

b 
cells/g wet weight of 

liver. 
Trypan blue uptake, the volume of the isolated cells and cell concentrations 

were determined as previously described (4). Rat serum albumin was measured 
according to De Leeuw-Israel et al. (5). 

To determine the amount of BSP ups3 ke, a known number of cells in 1.5 ml of 
standard medium was incubated with 1 SlBSP at 37°C under an atmosphere of 55% 
0 and 5% CO2 wit$5constant shaking (100 oscillations/min). Immediately after 
t e addition of 1 & SlBSP to the cell suspension and after various incubation 
periods, 0.5 ml samples were withdrawn and added to 5 ml ice-cold 0.3 M phos- 
phate buffered saline (pH 7.4). The cells were washed three times with 5 ml 
ice-cold phosphate buffer with interim centrifugation at 100 x g. The cell 
pellet was then dissolved in 1 ml soluene and the radioactivity of the samples 
was determined. Values obtained after incubation were corrected for the non- 
specific binding of BSP on the cellular membrane represented by the amount of 

ioactivity found in the sample withdrawn immediately after the addition of 
$.lBSP to the cell suspension. 

The amount of BSP bound to cytoplasmic proteins in the parenchymal cells was 
determined as follows. The first steps of the procedure were identical to the 
method described above for measuring the total amount of BSP uptake by paren- 
chymal cells. After washing the cell pellet was resuspended in 5 ml ice-cold 
10% trichloroacetic acid and stored for at least 30 min at O'C. The resulting 
precipitate was washed two times with 5 ml ice-cold 5% trichloroacetic acid. 
The final pellet was solubilized with 1 ml soluene and the radioactivity 
measured. Separation of free BSP and glutathione-BSP was performed essentially 
according to the method of Freundt (6) employing cellulose powder thin-layer 
chromatography. 

RESULTS: 

135S1BSP uptake by isolated parenchymal cells: To determine the time course 

of BSP uptake, isolated parenchymal cells (250,000 cells/ml) were incubated 

with 30 nmoles 1 
35 SIBSP/ml incubation medium and the amount of BSP taken up was 

determined after various time intervals. The uptake appeared to be linear for 

the first 10 min and reached a plateau at about 12 min. Thereafter, the BSP 

uptake did not change up to 45 min of incubation. Fig. 1 shows the correlation 

between the concentration of 135 SlBSP in the incubation medium and the amount 

of BSP taken up in 15 min by the isolated cells. For cell suspensions con- 

sisting of viable parenchymal cells maximum BSP uptake takes place at about 25 

nmoles BSP/ml incubation medium, 
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1. Fig. The uptake of 1 35SIBSP by a suspension of viable (0 -0) and non- 
viable (O---O) parenchymal cells as a function of the concentration of BSP in 
the incubation medium. Sixteen cell suspensions of viable cells with a cell 
concentration of 120,000 cells/ml and four cell suspensions of nonviable cells 
with a cell concentration of 300,000 cells/ml were incubated at 37°C for 15 min 
with various amounts of BSP in the medium. 

On the basis of the results mentioned above, the BSP uptake in subsequent 

experiments was measured with 30 nmoles 1 35 SIBSP/ml medium after 15 min of 

incubation. These test conditions guarantee that small changes in the BSP 

uptake by the cells due to internal or external influences can be easily de- 

tected. 

The plateau level in Fig. 1 was observed only for suspensions consisting 

almost entirely of viable cells. Cell suspensions with a high number of non- 

viable (trypan blue stained) cells did not show a plateau level but the amount 

of BSP taken up by the cells showed a linear increase with increasing concen- 

trations of BSP in the incubation medium. 

The amount of BSP taken up by the isolated hepatocytes was proportional to 

the number of cells present in the incubation medium up to a concentration of 

0.4 x lo6 cells/ml medium. In subsequent experiments, therefore, cell suspen- 

sions ranging from 0.05 x lo6 to 0.4 x 106 cells/ml were used. 

With due observance of the experimental conditions defined above, viable 

liver parenchymal cells from 3-month-old rats appeared to take up 2.87 + 0.18 

nmoles BSP/lO 
6 

cells. Expressed on a protein basis, 1.15 + 0.07 nmoles BSP/mg - 

protein were taken up by the isolated hepatocytes. This latter calculation was 

based on a content of 2.41 mg protein per 106 cells (4). 

In vivo, a substantial fraction of BSP is carried to the parenchymal cells -- 

by plasma albumin. The physiological concentration of albumin in the serum of 

3-month-old WAG/Rij rats was found to be 4.6%. Addition of 5% albumin to the 

incubation medium inhibited the uptake of BSP by the isolated cells, as demon- 

strated in Table 1. 
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Table 1. Effect of bovine serum albumin on the amount of BSP taken up by 
isolated 1 iver parenchymal ccl 1s 

Uptake of6BSP 
(nmoles/lO ccl Is) 

addition n mean S.E. P 

al bumin 3 0.07 0.02 
<0.0001 

none 2 2.70 0.16 

The parenchymal cell suspensions were incubated at 37’C for 15 min with 
30 nmoles BSP/ml . 

Nature of the BSP transport across the hepatocyte membrane: In order to 

discriminate between a passive diffusion process or a carrier transport me- 

chanism for the BSP uptake, the rate of BSP uptake by the cells was measured. 

The cells were incubated w 

during which the uptake of 

increasing amounts of BSP 

for the rate of uptake by t 

th various amounts of BSP for 5 min, a period 

BSP is linear with time. Fig. 2 shows that, with 

n the incubation medium, a plateau level is reached 

he cells. The saturation of the rate of uptake at 

higher BSP concentrations indicates that the 

membrane is of the carrier type. 

For a discrimination between the two poss i 

viz. facilitated diffusion and active transp 0 - 

transport of BSP across the cell 

ble types of carrier transport, 

rt, it is necessary to determine 

whether or not the transport of BSP is operating against a concentration gradi- 

ent. For this purpose, the amount of free BSP that accumulated in the isolated 

2. Fig. The relationship between the rate of BSP uptake by the cells and the 
concentration of BSP in the incubation medium. Data represent the mean of 3 
experiments. Eight cell suspensions were incubated at 37’C for 5 min with 
different amounts of BSP in the medium. 
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cells had to be determined. The amount of BSP bound by ligandin appeared to be 

1.06+0.34 nmoles BSP/106 cells. The total amount of BSP taken up by the cells 

amounted to 2.87+0.18, as described above. From these results, it could be cal- 

culated that about 40% of the total amount of BSP taken up by the cells was 

bound by ligandin. Thin layer chromatography revealed that, of the amount of 

BSP in the parenchymal cells not bound by ligandin, 95% and 5% could be con- 

sidered as free BSP and conjugated BSP, respectively. It was mentioned above 

that the amount of BSP taken up by the cells was 2.87 nmoles BSP/106 cells. Fron 

this value and from a measured mean volume of 5405 u3 for the parenchymal cells 

isolated from 3-month-old WAG/Rij rats, the concentration of free BSP within a 

cell could be calculated to be about 310 nmoles BSP/ml parenchymal cell volume. 

In view of the impermeability of various cell organelles for BSP, the actual 

concentration of free BSP in the cytoplasm of the hepatocytes will be even 

higher than the mentioned value. Thus the concentration of free BSP within the 

cells is at least 10 times higher than the concentration of free BSP in the 

incubation medium (30 nmoles BSP/ml). This suggests active transport of BSP into 

the cell. 

The dependency on temperature is another characteristic of active transport. 

It was found that the amount of BSP taken up was significantly higher at 37OC 

than at lower temperatures (Fig. 3). A ratio (QlO) of 2.2 for the amount of BSP 

taken up by the parenchymal cells at 37 and 27’C, respectively, could be calcu- 

lated. This value correlates well with ratios of 2-3 measured for active trans- 

port of amino acids into tissues (7). 

To test whether the uptake of BSP is dependent on cellular energy, the rate 

of uptake was measured in the presence of DNP or KCN (Table 2). KCN and DNP 

significantly reduced the rate of BSP uptake. In separate experiments, the 

concentrations of KCN and DNP employed caused a marked inhibition or uncoupling 

of the endogenous respiration of the cells. 

DISCUSSION: The important liver function of removing foreign substances from 

the serum can be examined by means of determining the uptake of BSP. In prelim- 

inary reports, it was mentioned that, after isolation, the single parenchymal 

cells retained the capacity to take up BSP and that the addition of bovine serum 

albumin to the incubation medium inhibited the uptake of BSP (8, 9). This find- 

ing has recently been confirmed by Stege et al. (10). -- 

The mechanism by which BSP or other organic anions are transferred from the 

plasma into the liver parenchymal cells is still unknown. Arias (11) suggested 

that specific unidirectional anion carriers might not exist on the sinusoidal 

surface of the plasma membrane and that organic anion transfer into the cell 

probably involved nonionic diffusion. The same suggestion was made by Von Bahr 
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1 
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temperature of the incubation medium ( ‘C) 

3. Fig. Dependency of the amount of BSP upt 
hepatocytes on the temperature of the incu 

93’ 
were incubated for 15 min with 30 nmoles 1 S 
peratures. The data plotted in the figure are 

ake in 15 min by the isolated 
ion medium. Four cell suspensions 
IBSP/ml at the indicated tem- 

the mean of five experiments. 

Table 2. Inhibition effect of KCN and DNP on the rate of BSP uptake by iso- 
lated I iver parenchymal ccl Is 

final cont. 
Rate of BSP6uptake 

(nmole/min/lO ccl 1s) 

addition (M) n mean S.E. % inhibition P 

KCN 5x10-4 14 0.138 0.024 56 
<O.Ol 

none 11 0.316 0.064 

DNP 5xlo-4 11 0.141 0.017 55 
<0.02 

The various cell suspensions were incubated at 37’C for 5 min with 30 nmoles 
BSP/ml . 

et al. (12) h w o measured the uptake mechanism of hexobarbital by isolated liver 

parenchymal cells. The results presented in this paper, which show that the rate 

of BSP uptake is not proportional to the BSP concentration in the medium but 

approaches a maximum level, are indicative for a carrier type of BSP transport 

into the viable liver parenchymal cell. No saturation of the rate of uptake was 

observed for cells stainable by trypan blue, suggesting a passive diffusion of 
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BSP into damaged cells. The observations that BSP was transferred across the 

cell membrane against a concentration gradient in viable cells and that the BSP 

uptake was dependent on temperature and energy strongly suggest that BSP is 

transported into the liver parenchymal cells by an active transport system. 

The results obtained on the BSP uptake by isolated cells make it possible to 

compare in vitro data with the in vivo situation. Now the relative storage -- -- 

capacity in vivo can be compared with the relative storage capacity in vitro. -- -- 

The relative storage capacity in vivo is defined as the number of mg BSP taken -- 

up into storage/mg BSP in 100 ml of plasma/kg body weight. De Leeuw-Israel et - 

al. (13) calculated an in vivo value of 1.16 mg BSP/mg BSP/lOO ml/kg body - -- 

weight. The relative storage capacity in vitro may be defined as the amount of -- 

BSP/mg BSP in 100 ml of incubation medium/kg body weight taken up by the total 

number of parenchymal ccl Is/l iver. An in vitro value of 4.35 mg BSP/mg BSP/lOO -- 

ml/kg body weight could be calculated. This calculation was based on the mea- 

sured liver weight of 6.0 g for 3-month-old rats and on the assumption that the 

parenchymal cell mass contains 114 x 106 cells/g liver wet weight (14). The 

obtained in vivo and in vitro values show that the capacity of the parenchymal -- -- 

cells to take up BSP is not negatively influenced by the isolation procedure. 

Preliminary results obtained by thin layer chromatography indicated the ap- 

pearance of glutathione-conjugated BSP in the medium during the incubation of 

the cells. It may be concluded, therefore, that the isolated parenchymal cells 

are capable of performing all of the various steps of the BSP clearance me- 

chanism. 
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