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Abstract-Chlorpromazine has been shown to have no effect on the uptake of the endogenous bile salt 
substrate, taurocholate, by isolated rat hepatocytes. It has been shown, however, to inhibit directly 
release of taurocholate from pre-loaded cells over extended incubation. However, there was no inhibition 
of the efflux process per se as shown by similar initial rates of taurocholate efflux in the presence or 
absence of chlorpromazine. Pretreatment of rats with chlorpromazine (100 pmoles/kg) resulted in no 
change in the ability to transport (that is, accumulate or secrete) taurocholate by hepatocytes isolated 
2, 24, 36, 48, or 60 hr later. The data indicate that, if a direct effect on bile acid transport is important 
in chlorpromazine induced biliary dysfunction, then it involves release rather than uptake at the cell 
membrane. However, as efflux itself is not inhibited chlorpromazine may interfere with release of 
taurocholate from intracellular sites. 

Use of the psychotropic drug, chlorpromazine, has 
resulted in a reported incidence of clinical jaundice 
of about 1%. Subclinical interference with biliary 
function may be as high as 50% although caution has 
been advised in using this figure [l]. Side effects of 
chlorpromazine remain a significant problem as it 
was found to account for almost 10% of drug-associ- 
ated hepatotoxicity in a 10 year Danish study and 
some 10% of these had a fatal outcome [2]. 

One of the major problems in studying a drug such 
as chlorpromazine is the non-predictable nature of 
the adverse response. Seemingly linked with this has 
been the inability to provide a representative animal 
model of the injury [l]. The mechanism by which 
biliary dysfunction occurs is so unclear that it has 
been suggested that it may be due to a combination 
of several factors [3,4]. 

Recent experimental evidence has led to the sug- 
gestion that chlorpromazine may, in fact, be directly 
hepatotoxic after all [4,5]. Other studies have also 
reported direct effects of chlorpromazine on biliary 
function and these have been used to support the 
view that the clinical hepatotoxic response to chlor- 
promazine is also of a direct nature [6]. These authors 
concluded from a study using isolated perfused rat 
liver that chlorpromazine caused an impairment of 
the uptake and eventual excretion of bile acids. More 
recently it has been shown that acutely administered 
chlorpromazine to rats results in interference with 
transport of indocyanine green [7] and horseradish 
peroxidase [8]. 

It is generally accepted that an inhibition of biliary 
function could be caused by an interference with the 
uptake of bile acids into the hepatocyte, movement 
across the cell or excretion from it [4,9]. Suspensions 
of isolated hepatocytes have been used to study the 
interference by chemicals with the uptake and/or 
excretion of model substrates. The approaches taken 
include pretreatment of the animal [lO--151 and direct 
addition to the cell suspension [15-181. 

The current study was therefore undertaken to 
determine, at the cellular level, to what extent chlor- 
promazine interferes with the uptake and excretion 
of taurocholate in isolated hepatocytes both directly 
and after animal pretreatment. 

MATERIALS AND METHODS 

Tauro carbonyl-14C]cholic 

f 

acid, sodium salt 
(60 mCi mmol) was purchased from Amersham 
(Sydney) while sodium taurocholate and chlor- 
promazine HCl were obtained from Sigma (St Louis, 
MO). Collagenase was Worthington CLS II. All 
other chemicals used were reagent grade from local 
agents. 

Sprague-Dawley rats (260-320 g) from the Uni- 
versity of Sydney Animal House were used as liver 
donors. They were allowed free access to food 
(Allied Stock Feeds, Sydney) and water. Some rats 
were pretreated intraperitoneally with chlorprom- 
azine (100 pmoles/kg) 2, 24, 36, 48 or 60 hr before 
hepatocyte isolation. Ether was used as the anaes- 
thetic and surgery was performed at about 0930 for 
each experiment. Hepatocytes were isolated by the 
method of Berry and Friend [19] with minor modi- 
fications as previously described [20]. Hepatocytes 
were resuspended to 25 mg wet weight cells/ml 
(determined by weighing the freshly isolated cell 
pellet with allowance for intercellular fluid) and 
initial viability determined by trypan blue exclusion 
was approximately 85%. Potassium ion concen- 
tration was also used to assess viability. 

Incubation medium was a Tris-buffered balanced 
salt solution (131 mM NaCl, 5.2mM KCl, 0.9mM 
MgS04, 1 mM CaCl,, 3 mM Na2HP04, 10 mM Tris 
(hydroxymethyl) aminomethane, pH 7.4). For deter- 
mination of effects on uptake, suspensions of freshly 
isolated hepatocytes (2 ml) were first preincubated 
(37” with shaking at 80 oscillations/min) for 15 min 
with or without chlorpromazine at a final con- 
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centration of 1, 5, 10, 50 or 100pM. Following pre- 
incubation, 80 ,~l substrate (‘4C taurocholate, 80 nCi/ 
ml) was added at a final concentration of 25 FM and 
uptake determined at appropriate times. Sampling 
was carried out by the silicone oiI centrifugation 
technique as previously described [Zl]. The samples 
containing i4C were placed in scintillation fluid after 
the cell pellet was dissolved in the potassium hydrox- 
ide and were quantitated in a Packard liquid scin- 
tillation counter, Determination of the amount of 
radiolabei and protein concentration [22] allowed 
calculation of uptake per milligram of protein. 
Allowance for adherent fluid was made in the cal- 
culations as documented by Eaton and Klaassen [23]. 

In effhtx studies, hepatocytes were pre-loaded with 
t4C-taurocholate by incubation of 350 mg cells/2 ml 
for 20 min with final concentrations of S-100 PM at 
160 nCi/ml of suspension. Subsequently an aliquot 
(100,ul) of this concentrated cell suspension was 
added to 1.9 ml fresh incubation medium which con- 
tained chlorpromazine or saline vehicle (15 min pre- 
incubation). One set of experiments was performed 
to determine taurocholate release at intervals over a 
30min incubation period. A second series (in 
untreated rats) at varying preloading concentrations 
was carried out to investigate efflux in the linear 
range (sampling at 30,60,90,120,150 and 180 set). 
Samples were then taken for determination of cellu- 
lar taurocholate content as described and referenced 
for the uptake studies. 

Time (min) 

Fig. 1. Effects of chlorpromazine (100 PM) added directly 
to the incubation vessel on uptake of taurocholate by iso- 
lated rat hepatocytes. Points represent means and bars 
standard errors. Some SE are omitted at the early time 

points for the sake of clarity. 

Endogenous levels of taurocholate in hepatocytes 
isolated from control and 48 hr pretreated rats were 
assayed by HPLC after methanol extraction (I : 1) of 
cells 1241. 

Statistical analyses were by analysis of variance 
and Duncan’s test or by t-test with a preset prob- 
ability level of P < 0.05. Each data point represents 
a mean value obtained from at least three, but gen- 
erally four, experiments, with each experiment using 
hepatocytes isolated from a different rat. 

RESULTS 

was found to have no effect on uptake of taurocholate 
over a 30 min incubation period (Fig. 1). Data for 
the other chlorpromazine concentrations (1,5,10 
and 50,&l) are not shown as these were also not 
different to the controls. The data for release of 
taurocholate over a 30min incubation period are 
expressed as the difference between the value at the 
particular sample time and the value at 1 min (Table 
1). It can be seen that chlorpromazine at 50 and 
100 PM causes an inhibition of efflux at all sampling 
times of 5 min or greater (except 30 min-100 PM). 
A second series of experiments was carried out to 
examine efflw of taurocholate in the linear range 
(30-180 set) with and without 100&I chlorpro- 
mazine. The initial velocity of efflux (Voe) was de- 
termined as the slope of the lines for each pre-loading 
concentration of taurocholate. No difference in 
response to chlorpromazine was found (Table 2). 

Chlorpromazine at concentrations up to 100pM After rat pretreatment with chlorpromazine sub- 

Table 1. Effect of chlorpromazine on release of taurocholate from hepatocytes over 30 min 

[Chlorp;m$mazine] 
2 

Sample time 
(min) 

5 10 20 30 

0 0.38 + 0.12” 1.29 Z!Z 0.18 1.91 t 0.26 2.19 f 0.32 2.19 -c 0.25 
I 0.45 & 0.18 1.23 zt 0.22 1.92 + 0.32 2.20 f 0.45 2.24 r 0.56 
5 0.23 r 0.05 0.85 rt 0.09 1.64 c 0.14 1.89 t 0.24 1.97 If: 0.34 

10 0.30 * 0.07 1.15 + 0.15 1.89 2 0.17 1.73 -c 0.34 2.13 + 0.38 
50 0.17 ” 0.14 0.66 it 0. 12b 1.00 rt 0.07b 1.15 2 O.lOb 1.11 rtr 0.22b 

100 0.30 2 0.07 0.54 -r- 0.18b 0.97 ” 0.06b 1.12 f O.lOb 1.33 rt 0.13 

’ Values are taken from the difference between the sample at 1 min and the related sample at the 
given time. Values are means 2 SE (nmoles/mg protein). 

c Statistically different to respective control. 
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Table 2. Effect of chlorpromazine on initial velocity of 
efflux (Voe)a of taurocholate from hepatocytes 
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was a clear inhibition of release of taurocholate from 
pre-loaded cells over an extended incubation period. 
Examination of the efflux process per se, however, 
showed that chlorpromazine (1OOpM) had no 
significant effect on the initial velocity of this process 
(Voe) over a range of taurocholate pre-loading 
concentrations. Thus, as chlorpromazine clearly 
inhibits taurocholate release at 5-30 min but not the 
efflux process itself, it is possible that release of 
intracellular taurocholate could be inhibited in the 
presence of chlorpromazine. This could account for 
the lack of effect on the initial rate, which probably 
reflects readily available taurocholate, with a 
demonstrable effect at later sampling times, which 
probably also involves taurocholate bound in deeper 
intracellular compartments. The possibility for an 
effect on release only after 5 min of incubation being 
due to time required to attain appropriate intra- 
cellular levels of drug (or metabolite) was 
discounted as preincubation with chlorpromazine 
for 15 min in the pre-loading flask did not result 
in any evidence of inhibition of Voe (data not 
shown). Another study found that chlorpromazine 
(25 PM) was able to inhibit norepinephrine-induced 
taurocholate release from isolated hepatocytes, 
although the authors reported little or no per- 
turbation in steady-state levels of intracellular tau- 
rocholate by chlorpromazine in the absence of the 
agonist [25]. 

Wlb Control CPZ (100 PM) P Value’ 

5 0.038 f 0.002 0.035 2 0.003 0.4651 
10 0.071 -t 0.002 0.062 + 0.006 0.1717 
25 0.181 -t 0.007 0.151 + 0.018 0.1305 
50 0.341 ‘- 0.024 0.305 + 0.013 0.0842 

100 0.561 2 0.052 0.556 f 0.049 0.9802 

’ Voe in nmoles/min/mg protein calculated from the 
slopes of the lines for cell [TC] at 30,60,90,120, 150 and 
180 sec. Values are mean + SE. N = 4. 

b Taurocholate concentration (PM) used to pre-load 
hepatocytes. 

c P value from paired t-test as determined for control vs 
chlorpromazine exposed Voe’s. 

sequently isolated hepatocytes showed no change in 
ability to take up taurocholate (Table 3). Initial 
experiments had shown that 48 hr pretreatment 
resulted in an increased uptake of taurocholate. In 
fact, if the current data for control vs 48hr are 
analysed by t-test a significant difference is obtained. 
However, analysis of variance of all the times 
together does not provide evidence of statistical 
significance. 

The effects of pretreatment of rats with chlor- 
promazine on taurocholate efflux are illustrated in 
Table 4 where the data are expressed as the dif- 
ference for the respective value from the 1 min 
sample. It can be seen that none of the pretreatment 
schedules caused an alteration in the efflux of 
taurocholate. 

Table 5 shows that taurocholate levels in the hepa- 
tocytes isolated from control and 48 hr pretreated 
rats are not different. 

DISCUSSION 

After pretreating the rats with intraperitoneal 
chlorpromazine no effects on taurocholate transport 
in subsequently isolated hepatocytes were seen. In 
initial experiments there was a tendency observed 
to an increased uptake after treatment. This led 
to the rather extensive investigation of the several 
pretreatment times (260 hr) in order to attain 
confidence in the observations. Similarly with 
efflux, early experiments indicated some 
differences. Investigation of additional rats has led 
to the conclusion that the pretreatment does not 
result in an altered efllux of taurocholate from 
preloaded hepatocytes. 

At concentrations of chlorpromazine from 1 to It is possible that the rate of exchange between 
100 PM in the incubation vessel no effect on uptake endogenous and the exogenous radiolabelled tau- 
of the bile salt, sodium taurocholate, was found. rocholate could be altered after chlorpromazine 
However, at 50 and 100 PM chlorpromazine there pretreatment and that this could confound inter- 

Table 3. Effect of pretreatment of rats with chlorpromazine on uptake of taurocholate by subsequently isolated 
hepatocytes 

Chlorpromazine” 
pretreatment (N) 1 2 

Sample time 
(min) 

5 10 20 30 

0 (10) 1.68 f 0.18b 3.03 f 0.34 5.20 + 0.39 6.47 f 0.46 6.94 f 0.45 7.08 f 0.45 
2 (7) 2.04 -c 0.16 3.60 ? 0.32 6.05 2 0.38 7.00 f 0.44 7.38 +- 0.46 7.42 + 0.47 

24 (7) 2.05 rt 0.21 3.54 2 0.30 5.42 + 0.35 7.07 + 0.55 7.40 f 0.57 7.21 ” 0.53 
36 (3) 1.78 ” 0.20 3.52 f 0.29 5.87 2 0.36 7.08 ‘- 0.33 7.76 f 0.39 7.82 + 0.40 
48 (8) 2.21 $0.25 3.95 -t 0.35 6.90 2 0.59 8.17 f 0.63 8.53 + 0.67 8.31 f 0.59 
60 (3) 1.62 + 0.05 3.20 + 0.17 5.25 + 0.27 6.41 ” 0.35 7.05 2 0.33 7.24 * 0.39 

p Rats were pretreated with chlorpromazine (100 lmoles/kg) at the designated number of hours before liver perfusion 
for hepatocyte isolation. N = number of rats. 

b Values are mean + SE (nmoles/mg protein). 
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Table 4. Effects of pretreatment of rats with chlorpromazine on efflux of taurocholate from subsequently 
isolated hepatocytes 

Chlorpromazine” 
pretreatment (N) 2 5 

Sample time 
(mitt) 

10 20 30 

0 (7) 0.40 ” O.OP 0.93 + 0.08 1.21 -+ 0.09 1.31 k 0.11 1.34 2 0.11 
2 (4) 0.38 + 0.02 0.91 f 0.09 1.19 2 0.17 1.19 k 0.20 1.26 k 0.20 

24 (4) 0.36 k 0.03 1.06 k 0.07 1.46 2 0.18 1.58 -+ 0.28 1.65 + 0.32 
36 (3) 0.32 h 0.02 0.97 2 0.10 1.33 k 0.16 1.42 f 0.21 1.47 +- 0.24 
48 (5) 0.30 k 0.05 0.86 * 0.09 1.11 -+ 0.10 1.21 2 0.13 1.23 + 0.14 
60 (3) 0.32 + 0.06 0.93 * 0.04 1.31 2 0.04 1.49 k 0.08 1.49 2 0.07 

a Rats were pretreated with chlorpromazine (100 pmoles/kg) at the designated number of hours before 
liver perfusion for hepatocyte isolation. N = number of rats. 

b Values are mean f SE (nmoles/mg protein). The values are the difference between a sample taken at 
1 min and the related sample at the given time. 

Table 5. Effect of pretreatment of rats with chlorpromazine 
on endogenous taurocholate in isolated hepatocytes 

Chlorpromazine” 
pretreatment (N) tTClb 

0 (4) 40.3 f 6.6’ 
48 (4) 31.2 -c 5.8 

a Rats were pretreated with chlorpromazine 
(100 pmoles/kg) at the designated number of hours before 
hepatocyte isolation. N = number of rats. 

b Taurocholate concentration (nmoles/g wet weight). 
c Values are mean ‘- SE. 

pretation of the data. Measurement of taurocholate 
in hepatocytes isolated 48 hr after chlorpromazine 
pretreatment did not reveal any differences to 
control rats, however. Other studies have reported 
data that allow approximation of taurocholate con- 
centrations to 0.2-0.3 nmoles/mg protein in freshly 
isolated rat hepatocytes [26-281. Our value of 
40 nmoles/g cells is equivalent to this on conversion 
to a mg protein basis. 

It can be seen from the data that if there is an 
inhibition by chlorpromazine of hepatocellular trans- 
port of taurocholate involved in biliary dysfunction 
it is not at the uptake step. Rather, there was a 50% 
reduction in release at 50 and 100pM (Table 1). 
Thus, the data of this study do not support the 
contention of Tavoloni et al. [6] that chlorpromazine 
exerts its action on the biliary system by inhibiting 
bile salt uptake. It is noteworthy that the con- 
centrations of the two studies are of the same order. 

Concentrations of higher than 1OOpM were not 
used in the current study to avoid cytotoxicity, which 
would obviously compromise a study of substrate 
transport. Under the experimental conditions, no 
cytotoxicity was observed. Others have reported a 
cytotoxic response of hepatocytes to chlorpromazine 
at 100 PM [29,30]. However, both studies used cells 
at a lower concentration, which probably accounts 
for the difference in concentrations at which cyto- 
toxicity is observed. 

Blood levels of about 1 ,uM are generally accepted 

as therapeutic for chlorpromazine [31,32]. An 
earlier study reported concentrations of about 10 PM 
[33], while it is thought that liver levels are about 10 
times greater than this [34,35]. The blood levels 
reported are not necessarily peak levels, however. 
Indeed, in a study of some 48 subjects, May et al. 
[36] found a wide range of peak plasma values for 
chlorpromazine. They indicated a spread of four to 
20 times and found 10% of individuals may have 
values well beyond this and that unusual peak values 
may exceed the usual by as much as 100 times. One 
wonders if the extremes of peak plasma levels noted 
above are not related to the incidence of hepato- 
toxicity, which would support a direct mechanism of 
action. It should be appreciated that Ros et al. [5] 
reported biliary concentrations of chlorpromazine 
plus metabolites 74-1400-fold greater than serum 
concentrations, which also indicates a concentrating 
effect on passage through the hepatobiliary system. 
Even with these considerations, however, the extra- 
polation to the overt human response is tenuous. 
Perhaps the interference with the handling of tau- 
rocholate by chlorpromazine in rat hepatocytes is 
more relevant to the subclinical interference noted 
in a larger number of patients. It is likely that other 
factors would be involved in those individuals pre- 
senting with clear hepatotoxicity. 

The actual mechanism by which chlorpromazine 
interferes with biliary function is still unclear. One 
possibility is the inhibition of NaK-ATPase [35] and 
this appears to be linked to taurocholate transport 
[37]. The data of the current experiments would not 
support this given that uptake is not inhibited by 
chlorpromazine and that NaK-ATPase has a non- 
canalicular distribution in the hepatocyte membrane 
[38]. A role for Mg-ATPase may also be doubtful 
given that efflux is apparently energy dependent 
[39] and this process was not inhibited by 
chlorpromazine. The role of alteration in membrane 
fluidity is perhaps also questioned given that NaK- 
ATPase activity seems to be correlated with this [40]. 
On the other hand, it is of interest to note that 
chlorpromazine causes an inhibition of uptake as 
well as secretion of horseradish peroxidase [8], which 
suggests that chlorpromazine may have other effects 
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on cellular transport of larger molecules. Alterna- 
tively, other of the multiple effects of chlorpromazine 
may be operative in this situation. 

In conclusion, it has been shown that chlor- 
promazine at concentrations of up to 100 PM is 
unable to inhibit uptake of taurocholate by isolated 
hepatocytes. However, while efilux per se is not 
inhibited by direct addition of this drug, release of 
taurocholate over an extended incubation period 
is clearly decreased. Pretreatment of animals with 
chlorpromazine did not result in altered transport of 
the bile salt in subsequently isolated hepatocytes. 
The data do not support the contention that an 
inhibition of bile salt uptake at the sinusoid is respon- 
sible for the interference with biliary function by 
chlorpromazine but do suggest the possibility that 
hepatobiliary dysfunction may be related to altered 
intracellular handling of taurocholate. 
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