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Summary. Experiments on the relationship between the hepatocellular transport of endoge-
nous or exogenously loaded bile acids (sodium taurocholate, TC, 0. 5 imol/min/ Ioo g body wt)
and horseradish peroxidase (HRP) or immunoglobulin A (IgA) (0.5 mg/too g body wt) were
carried out on anaesthetized Wistar rats. The time course of HRP excretion into bile
(acceleration in the secretory peak), but not the total amount of HRP output, was affected by
TC infusion. Administration of HRP was found to have no stimulatory effect on either
spontaneous or TC-induced bile flow, bile acid, lecithin or cholesterol output. Spontaneous bile
acid output was increased (2 5 and 6 7%, respectively) in rats that were treated for 1 2-h fasting
or by oral administration of TC (45 mg/ioo g body wt, every 12 h, for 2 days). These
manoeuvres did not change the inability of HRP and IgA to increase bile acid output.
Exogenous TC load had no stimulatory effect on the hepatocellular transport of endogenous
bile acid pool, that was labelled by a combination of fasting and oral administration of
"4C-glycocholic acid 1 2 h before the experiments. Therefore, exogenous bile acid load-induced
stimulation of transcytosis had no effect on endogenous bile acid output. Moreover, bile
secretion of both endogenous and exogenously loaded bile acids is unaffected by the
administration of proteins, irrespective of whether they are endocytosed by a receptor or non-
receptor mediated process.
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Proteins are able to enter hepatocytes dis- proteins. Once within the cell, two pathways
solved in extracellular fluid either after may be followed by the protein-containing
sequestration by invagination of the cell vesicles, either directly toward the basolat-
membrane during fluid-phase endocytosis, eral or canalicular membrane for exocytosis
or bound to specific receptors located on this or indirectly after being processed by a more
membrane during receptor-mediated endo- complex route involving interaction(s) with
cytosis. Non-specific adsorption onto the other intracellular compartment(s) (Silver-
plasma membrane is an unusual method of stein et al. 1977; Coleman I987). The traffic
hepatocyte internalization of plasma-derived of proteins from plasma to bile has been
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reported to occur mainly across the hepato-
cytes via a vesicular transport mechanism.
This requires an intact and functioning
microtubular network (Kacich et al. I983;
Crawford et al. I988; Pfaffet al. 1957).

Several studies using cytochemistry and
autoradiography have confirmed the exis-
tence of a vesicular pathway for secretion of
both horseradish peroxidase (HRP) (Renston
et al. 1g80b) and immunoglobulin A (Ren-
ston et al. I98oa) into bile. HRP is a glyco-
protein of molecular weight 40 kDa that has
been used as a marker for fluid-phase endo-
cytosis by the liver for several reasons,
namely (i) HRP is not naturally present in
bile; (ii) it is easy to determine because of its
enzymatic activity; (iii) the transcytosis path-
way accounts for a substantial fraction of its
blood-to-bile transport (Lake et al. I985).
Although a small amount of HRP is classi-
cally assumed to reach the bile through the
paracellular pathway, resulting in an early
peak, the protein is mainly taken up by the
hepatocytes at the sinusoidal membrane.
Part of it is catabolized and the rest is destined
for biliary secretion. Recently, it has been
postulated that, while there may be a contri-
bution from the paracellular pathway, HRP
secretion into bile occurs mainly via two
vesicle-mediated processes which have dif-
ferent properties as far as their time courses
and sensitivity to colchicine are concerned
(Hayakawa et al. I990). Immunoglobulin A
(IgA) belongs to the group of proteins dir-
ected to bile after receptor-mediated endocy-
tosis. At the sinusoidal membrane of the
hepatocytes IgA binds to a glycoprotein
which is also present on the plasma mem-
brane of other epithelial cells. Once internal-
ized in endocytic vesicles, this receptor
migrates together with IgA within the cell,
and part of it the so-called "secretory com-
ponent"-is directed toward the canaliculi,
where it is released into the bile (Mullock et
al. I 9 80; Mullock & Hinton I 9 8 1).
A considerable body of evidence has estab-

lished that bile acids are able to modulate
blood-to-bile transfer of proteins after either
fluid-phase or receptor-mediated endocytosis

(for review see Coleman i 98 7). Moreover,
under certain circumstances bile acids them-
selves may use the vesicular-mediated path-
way across the hepatocyte (Lamri et al.
I 988). However, the exact mechanism of the
interaction between the vesicular secretory
pathways for bile acids and endocytosed
proteins is not yet clear. The aim of the
present study was to gain information on
three aspects of this interaction. Firstly, we
studied the time-dependence of the acceler-
ation of transcytosis by an exogenous load of
bile acids. Secondly, we investigated the
possibility that this stimulation might also
affect endogenous bile acid mobilization to-
ward the canaliculi. Finally, we attempted to
discover whether endocytosed proteins
(either by a fluid-phase or receptor-mediated
mechanism) might have any effect on the
biliary secretion of bile acids, either under
basal conditions or after modifying the hepa-
tic disposal of these compounds.

Materials and methods

Chemicals

Horseradish peroxidase, human immuno-
globulin A, taurocholic acid, and 3ac-
hydroxysteroid dehydrogenase were pur-
chased from Sigma Chemical Co. (St Louis,
Mo). Labelled glycocholic acid was from New
England Nuclear (DuPont, Itisa, Madrid,
Spain). Enzymes and substrates used in
plasma glucose determination and in bile
lipid measurements were obtained from Bio-
merieux (Valladolid, Spain). All other chemi-
cals were from Merck (Darmstadt, Germany)
or Boehringer (Mannheim, Germany).

Animals

Male Wistar CF rats (200-250 g) (Faculty of
Pharmacy, Salamanca, Spain) were used.
The animals were fed commercial pelleted rat
food (Panlab, Madrid, Spain) and water ad
libitum. Lighting was controlled by a timer
that permitted light between o8oo and 2000
h. Experimental groups comprised, in addi-
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tion to untreated control rats, fasted rats 1 2
h before the experiments and animals that
were treated by oral administration of
sodium taurocholate (45 mg/ioo g body
wt., dissolved in o.5 ml of 150 mM NaCl),
every 12 h (at iooo and 2200 h) for 2 days
before collecting bile samples (experiments
were carried out at i6loo h, approximately).
Trace amounts of l4C-glycocholic acid
( i.8 x I 06 d.p.m./loo g body wt, specific
activity 43.0 mCi/mmol) dissolved in o. 5 ml
of tI5o mm NaCl were given orally to some
rats, after which the animals were fasted
until the time of the experiment ( 1 2 h later),
to reduce faecal loss of radioactivity.

Bile secretion studies

The rats were anaesthetized by i.p. adminis-
tration (5 mg/too g body wt.) of sodium
pentobarbital (Claudio Barcia SA, Madrid,
Spain). Rectal temperature was maintained
throughout the experiments at 37.0+0.05C
by means of a digital temperature control
system. The animals were surgically pre-
pared as described previously (Marin &
Esteller I984) for intravenous administra-
tion and for sampling bile and blood. Bile was
collected through a catheter (No. i ID 0.3
mm and OD 0. 7 mm, Biotrol Pharma, Paris,
France) placed in the common bile duct.
Immediately after cannulation, the animals
were left for an equilibration period of 30
min. Following this, bile was collected in
preweighed vials. Some rats received sodium
taurocholate by jugular infusion (o..5 pmol/
min/ioo g body wt, dissolved at i.5o mm
NaCl) using a peristaltic pump (Microperpex,
LKB Instruments, Broma, Sweden) at an
infusion rate of 50 ,ul/min, from min 40. For
each experiment, HRP and IgA were freshly
dissolved in I50 mM NaCl and given as a
bolus (o.5 mg/Ioo g body wt, injected over a
30-s interval into the left jugular vein) at min
6o orioo as indicated in the Results.

Analytical procedures

Bile flow was determined gravimetrically

assuming a density of t.o g/ml, and bile flow
was expressed as microlitres per min per I 00
grams of body weight (yl/min/ioo g body
wt). Total bile acid concentrations in bile
were measured by an enzymatic technique
(Talalay Ii960) using 3i-hydroxysteroid
dehydrogenase. HRP concentrations in bile
were determined spectrophotometrically
measuring the peroxidase activity by the
method of Putter and Becker (I 983). Viabi-
lity of the preparations was confirmed by
measuring the microhaematocrit and gly-
caemia at both the beginning and end of the
experimental period. No significant modifica-
tion was found in any of the treated groups.
GClycaemia was determined enzymatically
(Kunst et al. I 984) using glucose oxidase and
peroxidase. Total lipids were extracted by the
method of Folch et al. (1957). Bile lecithin
molecules were hydrolysed by phospholipase
D and the choline released was measured by
the TRINDER reaction (Gurantz et al. 198I;
Tl.akayama et al. 1977). Biliary cholesterol
concentrations were determined according
to three coupled enzymatic reactions cata-
lysed by cholesterol esterase, cholesterol oxi-
dase and peroxidase, respectively (Bolton et
al. I98o). Radioactivity in bile samples due
to the presence of "4C-glycocholic acid was
measured in a liquid scintillation counter
(LS-i 8oo-Beckman, Beckman Instruments
Espafna SA, Madrid, Spain). Ready Safe Scin-
tillation Cocktail, also from Beckman, was
used as the scintillant. Thin-layer chromato-
graphy was carried out to confirm the purity
of the radioactive bile acid both in the
commercial preparation and in bile samples.
Silica gel 60 F254 plates (Merck) were used in
conjunction with a solvent system of the
following composition: iso-amyl acetate/pro-
pionic acid/i-propanol/water (4: 3:2: i, by
vol.) (Hofmann I 962). The recovery was
>85% of deposited radioactivity and the
purity was found to be always >95%.

Statistical analysis

Results are expressed as means + s.e. To
calculate the statistical significance of differ-
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ences among groups, the Bonferroni method
of multiple-range testing was used, except for
single comparisons of two means, when
Student's t-test was used. Statistical signifi-
cance within a group was calculated by
comparing, with a paired t-test, data
obtained before and after protein injection or
the starting of TC infusion. Statistical analy-
ses were made on a Macintosh computer
(Apple Computer, Inc., Cupertino, Ca) with
programs supplied by Apple Computer, Inc.

Results

Time-dependence of TC-induced acceleration of
HRP output

Figure ia shows that HRP output into bile
was observed shortly after injection of the
protein into the left jugular vein. The maxi-
mal secretory peak was observed to occur 30
min after injection. Determination of peroxi-
dase activity in bile samples collected for 10O
min indicated that cumulated HRP output
(Fig. 2) was only - o.i% of the injected dose.
The shape of the curve (bile HRP output vs
time) was sharper and the time required to
reach the secretory peak was shorter under
TC infusion (Fig. ib and c). This acceleration
differed depending on the time when HRP
was administered after starting TC infusion.
Thus, when injected at min 6o (i.e. 20 min
after starting TC infusion) the HRP peak
appeared in bile 5 min earlier. The acceler-
ation was greater (iO min earlier or secre-
tory peak at 20 min after HRP injection) if
HRP was injected 60 min after starting TC
infusion. However, TC infusion, regardless of
the HRP injection time after starting TC
infusion, had no effect on cumulative HRP
output up to IOO min after HRP administra-
tion (Fig. 2).

Effect of HRP on bile formation

The administration of HRP was found to
have no significant effect on spontaneous
bile flow or bile acid output (Fig. 3). Neither
basal lecithin nor cholesterol output was
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Fig. i. Time course of biliary HRP output after
bolus administration (0.5 mg/ioo g body wt) to
a, rats receiving no bile acid infusion (n=6) or
during the infusion of sodium taurocholate (o.5
,umol/min/ i oo g body wt). HRP bolus was given
at b, min 6o (n = 4) or c, min ioo (n = 5), i.e. 20 or
6o min after starting taurocholate infusion, res-
pectively. Arrows indicate delay time from bolus
administration to peak secretion in bile. Values
are means + s.e.

affected by HRP administration (Table i).
Neither did HRP show any ability to stimu-
late TC-induced bile flow (Fig. 4a) or the
biliary output of bile acids (Fig. 4b), lecithin
or cholesterol (Table i). An absence of effect
of the HRP on TC-induced bile formation was
observed regardless of whether HRP was
injected at 20 or 6o min after starting TC
infusion. We wondered whether the load of
intrahepatic stores for bile acids could
change the response to TC infusion or to HRP
administration. Prolonged exposure of the
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Fig. 2. Cumulative biliary HRP output after bolus
administration (o.s mg/ioo g body wt) to rats
receiving a, no bile acid infusion (n = 6) or during
the infusion of sodium taurocholate (o. 5 jmol/
min/Ioo g body wt). HRP bolus was given at b,
min 6o (n=4) or c, min I0o (n=5), i.e. 20 or
6o min after starting taurocholate infusion, re-
spectively. Values are means ± s.e.

liver to an increased bile acid flux has been
reported to increase the maximum secretory
rate of these compounds (Adler et al. 1977;
Watkins & Klaassen I 98 I). Although induc-
tion of new transport sites in the canalicular
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membrane could allow for this effect (Simon
et al. I982), an activation of transcellular
pathway might also be involved in an adapt-
ive regulation of bile acid secretion. There-
fore, we considered it to be of interest to carry
out experiments, similar to those described
above, on rats treated in one of the following
ways: either after fasting for 12 h (to reduce
the amount of bile acids within the extrahe-
patic fraction of the enterohepatic circula-
tion) or after receiving TC orally for 2 days,
(to load the bile acid pool). These treatments
led to a significant (both P< 0.05) increase in
spontaneous bile acid output, as calculated
from the first 20 min bile sample. This value
was I54±I3 nmol/min/ioo g body wt in
untreated rats (n = 13). In fasted and TC-fed
animals the values were 193± II (n= 17)
and 2 5 8 ± 29 (n = 1 2) nmol/min/ ioo g body
wt, respectively. These results obtained from
these groups in the experiments with TC
infusion (Table 2) pointed to an absence of a
stimulatory effect ofHRP on bile acid output,
even under these conditions. Artifactual
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Fig. 3. a, Spontaneous bile flow and b, bile acid output in 0, control (n = 8) and U, HRP (o.5 mg/Ioo g
body wt) treated rats (n = 7). Values are means ± s.e. No significant effect of HRP administration was
found.
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Table ii. Effect ofHRP administration on taurocholate-induced biliary
lipid output

nmol/min/ioo g body wt
Injection time

Taurocholate HRP (min) Cholesterol Lecithin n

No No 2.31+0.07 17.5+0.7 12
No Yes 6o 2.30+0.10 16.6+0.4 12
Yes No - 3.69+0.24 46.5+4.8 8
Yes Yes 6o 4.20±0.42 41.0+8.i 4
Yes Yes 100 4.05+0.19 49.6± 3.9 7

Values are means ± s.e. from average values obtained from three
20-min samples collected after HRP administration. Some rats
received taurocholate infusion (0.5 imol/min/ioo g body wt) from
min 40 and HRP bolus (o. 5 mg/ Ioo g body wt) at the time indicated.
No significant effects of HRP administration were found.

results due to changes in 3,x-hydroxysteroid
dehydrogenase activity were ruled out
because in preliminary assays we confirmed
that the presence ofHRP has no effect on the
analytical method used to measure bile acid
concentrations in bile samples.

Effect of IgA or an exogenous TC load on
endogenous bile acid secretion

To test the existence of differences in the bile
acid secretory response to proteins interna-
lized by the hepatocyte following different
mechanisms, i.e. receptor and non-receptor
mediated endocytosis, we studied the effect of
IgA administration on 3a-hydroxy bile acid
output. Immunoglobulin A from human
serum was used because it is capable both of
binding to plasma membrane receptors of rat
hepatocytes (Fisher et al. 1979) and of being
secreted into bile in a similiar way as rat IgA
(Gebhardt i983). The results indicated that,
like HRP, IgA had no effect on bile acid
output (Fig. sb). To confirm this another set
of experiments was undertaken with I 2-h
fasted rats receiving an oral dose of '4C-
glycocholic acid ('4C-GC) 12 h before the
experiments. In this group no increase in bile
radioactivity was observed after IgA admin-

istration (data not shown). The endogenous
bile acid pool was labelled in the same way
with '4C-GC, and the effect of TC infusion
was studied 12 h later. As shown in Fig. 6,
TC infusion was not able to accelerate the
mobilization of radioactivity output into bile.
These results are in agreement with those
obtained with TC infusion in rats whose
hepatic bile acid disposal was artificially
increased (by fasting or TC-feeding), where
no increase in bile acid output was found by
comparison with untreated animals (Table 2
and Fig. 4b).

Discussion

The ability of bile acids to stimulate HRP
output into bile has been well documented in
rats (Lorenzini et al. I986) and in isolated
perfused rat livers (Hayakawa et al. I990).
Our results confirm and extend these find-
ings, adding some useful information about
the time dependence of this effect. The re-
sponse of the liver to TC infusion was
reflected in an acceleration in the HRP traffic
toward the canaliculus but not an enhance-
ment in net protein excretion. It is also
notable that when HRP was administered,
once bile acid output had reached a steady
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Fig. 4. Effect of HRP administration (0.5 mg/Ioo g body wt.) on taurocholate infusion (0.5 pmol/min/
IO0 g body wt)-induced a, bile flow and b, bile acid output. *, Control rats (n = 9) did not receive HRP.
HRP bolus was given at 0, min 6o (n=4) or 0, min I00 (n=8), i.e. 20 or 6o min after starting
taurocholate infusion, respectively. Values are means i s.e. No significant differences were found when
groups shown in the same panel were compared.

state, the acceleration was greater than if the
protein was injected during the rising of bile
acid output after starting TC infusion. This
suggests dependence on a sufficiently high
intracellular bile acid concentration or the
existence of time-dependence of the interac-
tion between secretory events. Among poss-
ible explanations for the mechanism(s)
underlying this effect, a faster transcytosis of

intracellular vesicles and a faster bile acid-
induced stimulation of membrane fusion
events in the pericanalicular area (Sakisaka
et al. I988) may be considered. The absence
of a TC-induced increase in the net secretion
of HRP suggests that recruitment of a larger
number of vesicles can be ruled out. How-
ever, caution is required before reaching this
conclusion because, although our results
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Table 2. Effect ofchanges in hepatic bile acid pool disposal on bile flow and bile acid output in
rats receiving taurocholate infusion and HRP bolus

HRP injection Bile flow Bile acid
Treatment time (min) (,l/min/too g body wt) (nmol/min/ioo g body wt) n

Taurocholate-fed No io.63 ± o.98 695.9+ 65.4 7
Taurocholate-fed 6o 9-47+o.96 629.9+35.3 5
Taurocholate-fed 100 .10.57+o.80 715.9 ± 98. I 7
Fasted No 9.30+ 1.01 754.1+ 50.3 6
Fasted 6o io.56+o.68 719.5+23.7 6
Fasted 100 9.64+o.83 711.5 ±45.3 6

Values are means + s.e. from average values obtained from three 20-min samples collected
after HRP administration. Rats received taurocholate infusion (0.5 ,umol/min/Ioo g body
wt) from min 40 and HRP bolus (0.5 mg/Ioo g body wt) at the time indicated. No significant
effects of HRP were observed as compared to experimental groups with the same treatment
(I2 h fasting or taurocholate-feeding for 2 days, at an oral dose of 45 mg/ioo g body wt
every 1 2 h) with or without HRP administration.

10r (a)

3:o
cm

ID C)
F

-E
-i

0

0)
00

'a00

cu C

0

E

CS 0

IgA

~~~~2 H ux- 1

-I

500 F (b)

I I

60 120 180

Time (min)

Fig. 5. a, Spontaneous bile flow and b, bile acid output in 0, control (n = 8) and *, immunoglobulin A
(o s mg/100 g body wt) treated rats (n=4). Values are means+s.e. No significant effect of
immunoglobulin A administration was found.

which indicate that taurocholate is unable to
stimulate the net biliary secretion of fluid-
phase markers agree with those obtained by
other authors (Lake et al. I985; Schar-
schmidt et al. I986), other groups have

reported a slight (Lorenzini et al. 1986) or

marked (Hayakawa et al. I990) enhance-
ment in HRP output under bile acid infusion.
Although at first sight it appears difficult to
reconcile these different findings, there are
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Time (min)

120 160

Fig. 6. Biliary '4C-glycocholic acid output in rats receiving taurocholate infusion (0.5 imol/min/ioo g
body wt). The animals (n=4) were given 14C-glycocholic acid orally I2 h before carrying out the
experiments. Values are means± s.e.

important differences in the experimental
model and design as well as in the amount of
HRP used in these studies that could be
responsible for the diversity of the results.
Moreover, when considering the biliary out-
put of this protein it should be kept in mind
that unseen differences in the response of the
diversion of HRP toward the degradative
pathway could alter the results obtained. For
instance, this effect seems to play an impor-
tant role in the dissociation of biliary re-

sponse to valproic acid administration to
rats. This short-chain fatty acid induces an

acceleration of biliary HRP output together
with a reduction in cumulative secretion
(Jezequel et al. I986). Moreover, Bellringer et
al. (I988) have demonstrated that valproic
acid modifies protein transfer across the
hepatocyte by acting on the microtubular-
vesicular system. In this respect it is interest-
ing to note that valproic acid induces an

impairment in acid phosphatase, serum

albumin, phospholipids, IgA and HRP secre-

tion into bile, while it has no effect on

spontaneous bile acid secretion (Bellringer et
al. I988). This would support the existence
of a hepatocellular transport route for bile
acids which is independent of microtubules
(Kacich et al. I983). Another route, which is
colchicine sensitive, has been proposed for
bile acid load (Barnwell et al. I984; Crawford
et al. I988; Dubin et al. I980; Gregory et al.
19 78). Autoradiography (Suchy et al. I 98 3)
and immunohistochemistry (Lamri et al.

I988) have confirmed the participation of
smooth endoplasmic reticulum and the Golgi
apparatus in the vectorial pathway of bile
acids from the sinusoidal membrane toward
the canaliculus. Our data on the insensitivity
of endogenous bile acid secretion to transcy-
tosis activation by an exogenous load of
taurocholate provide additional functional
evidence to support the existence of two
different and probably separate secretory
pathways for bile acids. Although the cyto-
skeleton-dependent pathway is suggested to
play a role only as 'complementary path-
way', the exact quantitative contribution of
the two processes in basal conditions is
unclear. Thus, an impairment in sponta-
neous bile acid secretion and, hence, the
cholestasis that follows the administration of
some drugs such as cyclosporin A, has been
suggested to be due, in part, to an inhibition
of the normal vesicular pathway (Roman et
al. I990).

Because the integrity of the cytoskeleton is
important for the normal biliary transfer of
endocytosed proteins as well as bile acids
during bile acid load, many studies have
been performed to elucidate the effect of
microfilament inhibitors, such as phalloidin
(Dubin et al. I980; Rahman et al. I986), and
microtubule disruptors, such as colchicine
(Barnwell et al. I984; Dubin et al. I980;
Gregory et al. I978; Lowe et al. I984), on the
biliary secretion. However, little attention
has been devoted to the sensitivity of the
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vesicular routes to the compounds being
transported. There is evidence to suggest the
existence of a vesicular traffic which is
independent of the presence of the protein to
be transported (Kloppel et al. I987). Thus,
the 'secretory component' is present in bile
collected from isolated rat livers, even when
they are perfused with IgA-free media. This
does not necessarily mean that the rate of this
traffic is insensitive to the carried com-
pounds; thus, the rate of fluid-phase endocy-
tosis of "'C-sucrose has been reported to be
accelerated in sucrose-loaded rats (LeSage et
al. I990). However, in this model the liver is
exposed for a prolonged period to a large dose
of sucrose which causes hypertrophy of the
bile hepatocyte vacuolar apparatus. There-
fore, an interesting question arises as to
whether acute exposure to potentially endo-
cytosed proteins is able to modify the rate of
the transport. If this were the case, does an
indirect stimulation of the transcytosis for
other users of the vesicular pathways,
namely, bile acids, exist? Our results from
acute experiments to determine the effect of
HRP or human IgA administration on bile
acid, lecithin and cholesterol output, suggest
that the answer to this question is probably
negative. This is in agreement with results
obtained by LeSage et al. (I990) who found
no change in bile acid output despite the
expansion of the vacuolar apparatus in
sucrose-loaded rats. These findings may be
interpreted as being due to the absence of a
protein-induced activation of the vesicular
pathway or to the existence of different
routes for vesicles carrying either bile acids
or endocytosed proteins. There is evidence to
suggest that the vesicular routes associated
with HRP or IgA, contrary to that for bile
acids, are independent of the Golgi apparatus
(Hashieh et al. I989), which may support
the latter possibility.

Bile acids enhance the biliary excretion of
lecithin and cholesterol (Crawford et al.
I988; Rahman et al. I986; Rahman &
Coleman I987) by a mechanism which is
not yet well defined but in which the move-
ment of intracellular vesicles and their sub-

sequent fusion with the canalicular mem-
brane may also be involved (Crawford et al.
I988; Reuben & Allen I986). Our data
indicate that neither the time-course of spon-
taneous or TC-induced biliary lipid excretion
(data not shown) nor their net output are
modified by HRP administration. This is in
agreement with the insensitivity of the trans-
cellular vesicular pathway to the presence of
HRP.

In summary, the present results confirm
the endocytosed proteins, but not endoge-
nous bile acids, are sensitive to transcytotic
stimulation by exogenous bile acid load. By
contrast, both endogenously and exoge-
nously loaded bile acid outputs into bile are
insensitive to the administration of proteins
that are endocytosed by receptor or non-
receptor mediated processes.
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