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Choleretic Response to Hydrocortisone in the Rabbit
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The influence of i.v. infusion of hydrocortisone sodium succinate on basal biliary
secretion and maximal hepatic excretion of bilirubin was investigated in pentobarbitone
anesthetized rabbits. Hydrocortisone caused an increase in bile flow and electrolyte secre­
tion in basal conditions. When it was infused after a maximal load of bilirubin, its choleretic
effect disappeared and the maximal excretion of bilirubin was not modified. Our data
suggest that the effect of hydrocortisone on bile flow and composition takes place at
canalicular level and is not directly related to the secretion of bile salts.
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Whilst a number of accounts of the
adrenocortical steroid effects on biliary
secretion in various species have been
published, the results described conflict
to a considerable extent. It is known
that certain steroid hormones, such as
estrogens or 19-alkylated androgens, are
cholestatic and decrease bile flow by
inhibiting both bile salt dependent and
bile salt nondependent secretion (12,
18). This effect is accompanied by
changes in the hepatocyte membrane 
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Granada.

bound Na-K ATPase (21). Variable ef­
fects have been attributed to cortisone
and hydrocortisone (3), although in dog
(15) and rat (4) hydrocortisone seems to
have a clearly choleretic action. Fur­
thermore, it has been demonstrated that
in dog, this choleretic effect dissapears
after the infusion of bromosulph-
thalein at maximal rates (15).

The aim of the present study was to
determine the effect of i.v. infusions of
hydrocortisone on the basal biliary se­
cretion and maximal hepatic excretion
of bilirubin in the rabbit, a species in
which choleretic agents other than bile
salts seem to be ineffective (13, 20).
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Materials and Methods

Experimental Protocols. Castilian
rabbits were used with a weight range of
1.8-2.2 kg. Food but not water was with­
held for 24 h before experiments. The
rabbits were anesthetized with sodium
pentobarbitone (Nembutal, 25 mg/kg
i.v.). After tracheotomy, the cystic duct
was ligated and the common bile duct
cannulated with polyethylene tubing
(PE 50). A femoral vein was cannulated
for intravenous infusions. Rectal tem­
perature was monitored and maintained
at 38 ± 0.5° C by a thermostatically
controlled table heater. Bile was col­
lected in 20 min consecutive samples in
tared tubes, cooled in ice and protected
from light to avoid pigment oxidation.

Two kinds of experiment were carried
out. In the first (Type I), after an initial
control period of 60 min, hydrocortisone
was infused at 1.5 mg/kg/min, and the
collection of bile was then continued for
a further recovery period of 60 min. In
the second (Type II), following a control
period of 60 min, bilirubin was infused
for two hours at 0.6 mg/kg/min; this rate
was chosen because higher doses did
not further increase bilirubin excretion,
indicating that a maximal excretion had
been reached. During the second hour,
an hydrocortisone infusion was added at
1.5 mg/kg/min.

Bilirubin (Sigma) was dissolved in dis­
tilled water alcalinized with IM NaOH
at pH = 7.5. Hydrocortisone sodium
succinate (Sigma) was dissolved in
0.9 % NaCl.

Analytical Methods. The following
determinations were carried out in bile:
flow was determined gravimetrically;
sodium and potassium by flame photom­
etry and chloride by potentiometric
titration with AgNO3. Osmolarity was
measured cryoscopically. Total bilirubin
concentration was determined by the
method of Malloy and Evelyn (16); 

phospholipid concentration by the
method of Bartlett (1) in a biliary
lipid extract (9). Deoxycholate, whose
glycine conjugate is the most abundant
bile salt in rabbit (11), was measured,
previous precipitation of bile pigments,
by the method of Levin et al. (14).

Results were expressed as mean val­
ues with standard error of the mean
(SEM). The statistical significance of
differences was determined by Stu­
dent’s t test.

Results

Type I experiments. Within the first
20 min of the infusion of hydrocortisone
a clear increase in bile flow was
observed (fig. 1). This increase gradu­
ally disappeared in the following one
hour recovery period. Deoxycholate
concentration, like that of phospholipid
and bilirubin, decreased (table I) and
there was a slight decrease in the out­
put of all these solutes (fig. 2). With
respect to the electrolyte concentra­
tions, chloride rose significantly
(p < 0.05) and sodium to a lesser extent
(table I). The output of chloride, sodium
and potassium increased, although to
different degrees (fig. 3). There was no

Fig. 1. Effect of hydrocortisone on bile flow in
Type I experiments.

--------- : hydrocortisone infusion at 1.5 mg/kg/min.
Mean ± SEM (n = 5).
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Fig. 2. Mean change in deoxycholate (Jk), biliru­
bin (•) and phospholipid (o) output as % of control

in Type I experiments.
---------: hydrocortisone infusion at 1.5 mg/kg/min

(n = 5).

significant change in osmolality, with
values from 280 ±4 to 289 ± 5
m0sm/l.

Type II experiments. Bile flow de­
creased continously throughout the ex­

Fig. 3. Mean change in chloride (•), sodium (A.)
and potassium (o) output as % of control in Type I

experiments.
---------: hydrocortisone infusion at 1.5 mg/kg/min

(n = 5).

Fig. 4. Effect of hydrocortisone on bile flow (o) and bilirubin excretion (•) after a maximal infusion of
bilirubin. Type II experiments.

bilirubin infusion at 0.6 mg/kg/min. -------- : hydrocortisone infusion at 1.5 mg/kg/min.
Mean ± SEM (n = 5).
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periments (fig. 4). Bilirubin concentra­
tion was elevated in response to its infu­
sion (p < 0.001), but no further in­
creases occurred when the hydrocorti­
sone infusion was added (table II). A
maximal excretion was reached 40 min
after pigment infusion began and then
showed only a slight decrease in re­
sponse to the addition of hydrocortisone
(fig. 4). The concentrations of sodium,
potassium and chloride increased during
bilirubin infusion and remained elevated
during the additional infusion of
hydrocortisone. The opposite was true
for deoxycholate and phospholipid con­
centrations. Osmolarity showed no sig­
nificant change.

Discussion

The present results agree with those
of MACAROL et al. (15) and DUMONT
and Erlinger (4) in the sense that
hydrocortisone infusion does induce a
choleresis characterized by an increase
in the concentration and output of
electrolytes, especially chloride. No in­
crease in the secretion of bile salts took
place, thereby excluding the possibility
that they could be responsible for the
increase in bile flow when hydrocorti­
sone was infused. The slight decrease in
the output of bile salts, phospholipid
and bilirubin, was probably related to
the fact that in our experiments the en-
terohepatic circulation of bile salts was
interrupted (8).

The possibility that hydrocortisone
might act through the establishment of
an osmotic gradient at canalicular level,
as is the case with other coleretics, like
methyl umbelipherone in the dog (6) or
ethacrynic acid in the rat (2), is also
remote. It has been demonstrated in the
dog that, even through hydrocortisone
is excreted into bile (15), the amounts
found are insufficient to cause an in­
crease in bile flow. Moreover, in our 

own experiments, no statistically signif­
icant differences were observed in bile
osmolarity.

Nor it is likely that there could be a
secondary rise in secretin levels’ due to
an increase in gastric secretion, for in
that case, much more concentrated se­
cretion would be expected (19) and fur­
thermore, in the rabbit, as in the rat (4),
secretin seems to be ineffective except
in massive doses (7).

The effects of bilirubin infusion at 0.6
mg/kg/min on bile flow and composition
were described in a previous paper;
bilirubin caused a decrease in bile flow
when compared to control animals with
the enterohepatic circulation inter­
rupted, attributable to the inhibition of
the bile salt nondependent fraction of
secretion (10). The addition of an infu­
sion of hydrocortisone to that of biliru­
bin (Type II experiments) left the effect
of the latter essentially unchanged: the
stimulatory action of hydrocortisone
when infused alone (Type I experi­
ments) was completely masked under
these conditions. This fact, together
with the positive effect on erythritol
clearance obtained by other authors in
the dog (15) and the rat (4) seems to
indicate that the effect of hydrocor­
tisone is exerted at canalicular level.

A possible explanation for a choler­
etic action at this site would be an in­
crease in the permeability of the
canalicular membrane to water and
electrolytes, though studies carried out
using saccharose clearance (4) suggest
that this is unlikely. The increase
observed in sodium output could lend
weight to the idea of stimulation in some
way of the bile salt nondependent frac­
tion of secretion, as has been indicated
in rat (17), but the data available cannot
explain the exact nature of the
mechanism and further work is evi­
dently needed. The fact remains
nevertheless, that hydrocortisone seems
to be the first canalicular choleretic
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other than bile salts to be described in
the rabbit, unless we consider the con­
tradictory reports on the effects of
ethacrynic acid (5, 22).

Resumen

Sc estudia la influencia de la infusion in-
travenosa de succinato sodico de hidrocortisona
sobre la secrecion biliar basal y excrecion he-
patica maxima de bilirrubina en conejos aneste-
siados con pentobarbital sodico. La infusidn de
hidrocortisona origina un incremento en el flujo de
bilis y secrecion de electrolitos en condiciones
basales. Tras una infusidn maxima de bilirrubina,
desaparece el efecto coleretico de la hidrocor­
tisona sin que se modifique la maxima excrecion
del pigmento. Estos resultados sugieren que el
efecto de la hidrocortisona sobre el flujo y com-
posicion de la bilis tiene lugar a nivel canalicular y
no se relaciona de forma directa con la secrecion
de sales biliares.
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