J c I The Journal of Clinical Investigation

Hydrocortisone choleresis in the dog

Veronika Macarol, ... , Katharine J. Baker, Stanley E. Bradley

J Clin Invest. 1970;49(9):1714-1723. https://doi.org/10.1172/JCI106389.

Research Article

Hydrocortisone sodium succinate (Solu-Cortef; Upjohn Co., Kalamazoo, Mich.) has been found to induce choleresis in
unanesthetized fasting dogs fitted with Thomas duodenal cannulae for direct quantitative collection of bile. In all
experiments, bile flow increased (average, 68%) 15-20 min after beginning hydrocortisone by infusion in association with
an equivalent increment in the output of sodium, potassium, chloride, and bicarbonate. In five animals, the choleretic
response occurred independently of, and apparently additive to, the effect of simultaneously administered sodium
taurocholate. The fluid added to the bile resembled an ultrafiltrate of plasma. Erythritol clearance increased in proportion
to flow, suggesting an effect at the hepatocellular rather than ductal level and probably independent, therefore, of
endogenous secretin release. Hydrocortisone and its metabolites were excreted in amounts too small to induce choleresis
osmotically. Simultaneous administration of sulfobromophthalein sodium blocked the choleretic response without
preventing hydrocortisone excretion. The data suggest that a previously ill-defined mechanism of canalicular bile
formation, not mediated by bile salt excretion, may be operative in choleretic response to a variety of agents.

Find the latest version:

https://jci.me/106389/pdf



http://www.jci.org
http://www.jci.org/49/9?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI106389
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/106389/pdf
https://jci.me/106389/pdf?utm_content=qrcode
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ABsTrACT Hydrocortisone sodium succinate (Solu-
Cortef; Upjohn Co., Kalamazoo, Mich.) has been found
to induce choleresis in unanesthetized fasting dogs fitted
with Thomas duodenal cannulae for direct quantitative
collection of bile. In all experiments, bile flow increased
(average, 68%) 15-20 min after beginning hydrocorti-
sone by infusion in association with an equivalent in-
crement in the output of sodium, potassium, chloride,
and bicarbonate. In five animals, the choleretic response
occurred independently of, and apparently additive to, the
effect of simultaneously administered sodium tauro-
cholate. The fluid added to the bile resembled an ultra-
filtrate of plasma. Erythritol clearance increased in pro-
portion to flow, suggesting an effect at the hepatocellular
rather than ductal level and probably independent,
therefore, of endogenous secretin release. Hydrocorti-
sone and its metabolites were excreted in amounts too
small to induce choleresis osmotically. Simultaneous ad-
ministration of sulfobromophthalein sodium blocked the
choleretic response without preventing hydrocortisone
excretion. The data suggest that a previously ill-defined
mechanism of canalicular bile formation, not mediated
by bile salt excretion, may be operative in choleretic
response to a variety of agents.

INTRODUCTION

The physiologic effects of the acute administration of
adrenocortical steroids on the normal liver are not
well-defined. Studies in man (1-4) have yielded con-
flicting data with respect to the influence of cortisol and
other glucocorticoids on bile composition and flow.
Both choleretic and noncholeretic responses have been
observed after administration of cortisone and hydro-
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cortisone. These disparate results may reflect differ-
ences in methods of bile collection or patient selection
rather than differing responses to the same hormone.

A marked sensitivity of hepatobiliary secretory mecha-
nisms to a variety of other steroid compounds has been
amply demonstrated. Active secretion of primary bile
salts, for example, has long been known to provide a
major impetus for bile formation in most species (5).
In contrast, some steroids (estrogens, androgens, sec-
ondary bile acids) have deleterious effects upon hepatic
excretory function (6-9).

Systematic evaluation of the influence of adreno-
cortical steroids on biliary composition and flow in
normal experimental animals appears to be lacking
(10-12). In the studies presented herewith, the effects
of intravenous hydrocortisone on bile formation during
constant taurocholate infusion have been explored in
unanesthetized dogs equipped with duodenal cannulae.
The results indicate that hydrocortisone is highly ac-
tive in stimulating a choleresis that is canalicular in
origin and independent of bile acid secretion.

METHODS

All studies were made in five healthy unanesthetized adult
dogs (16-30 kg) which had undergone cholecystectomy and
installation of a Thomas duodenal cannula at least 8 months
before the present studies. Before each experiment the ani-
mal under study was fasted for 24 hr. The common bile
duct was then catheterized under direct vision with a No. 6
olive-tipped ureteral catheter. Thereafter, the dog was main-
tained in the upright position with the aid of a sling. Bile
samples (3.54 ml) were collected by gravity in graduated
centrifuge tubes.

Throughout all studies, a 1.3% solution of sodium tauro-
cholate (Nutritional Biochemicals Corporation, Cleveland,
Ohio) was infused (Bowman pump, Bowman Electrical
Products Corp., Chicago, Ill, at a constant rate of 10-12
#Eq/min) through a No. 17 Deseret polyethylene catheter
in a foreleg vein. Pipenzolate methylbromide® (Piptal)
was also given intravenously (2 mg every 5 min during the

Ist hr and every 10 min thereafter) to diminish spontaneous

* Supplied by the Lakeside Laboratories through the
courtesy of Dr. Joseph A. Skorcz.
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variations in bile flow (13). Each experiment consisted of a
control period of 60 min, a period of about 1 hr when 200
mg of hydrocortisone sodium succinate (Solu-Cortef) in
50 ml of normal saline were administered intravenously, and
two 60-min recovery periods. When plasma samples were
obtained, they were drawn through a polyvinyl catheter
(Vx 044 BD) in one of the saphenous veins.

On three occasions sodium taurocholate-24-*C (Tracerlab
Div, LFE Electronics, Richmond, Calif.) was added in
tracer amounts to the taurocholate infusion and infused at
a rate of about 0.35 uCi/min. Biliary excretion of the
labeled bile salt was calculated from the product of the
concentration (dpm/ml) and the bile flow (ml/min). Since
the hepatic extraction of sodium taurocholate at this rate of
infusion has been shown to approximate 100% (14), the
hepatic plasma flow was estimated by calculation of the
biliary clearance, Cs, of the tracer by the formula Cg=
BV/A where Cg=biliary clearance, ml/min; BV = biliary
output of the tracer, dpm/min; and A = the plasma concen-
tration of the labeled bile salt, dpm/ml.

In four experiments hydrocortisone-4-*C (New England
Nuclear Corp., Boston, Mass., SA, 0.1 mCi/0.0697 mg of
hydrocortisone) was infused with the unlabeled hydrocor-
tisone at a rate of 0.1 uCi/min. The recovery of the tracer
was measured in bile and urine samples which were col-
lected simultaneously. Urine samples were obtained through
a Bardex Four Wing Malecot catheter which had been
passed into the urinary bladder under local anesthesia.

During three studies erythritol-*C (Amersham-Searle)
was administered at a rate of about 0.3 uCi/min after an
initial priming dose of 3 uCi. An equilibration period of at
least 60 min was followed by the usual control and hydro-
cortisone infusion periods. Further collection of plasma and
bile samples was continued for only a single recovery period.
Clearance values during all three periods were calculated
as for bile salt as noted above.

Measurements of sulfobromophthalein sodium (BSP, Hyn-
son, Westcott & Dunning, Inc., Baltimore, Md.), transport
maximum (Tw), and relative storage capacity (S) during
control, hydrocortisone infusion, and recovery (R,) periods
were made on five occasions (four dogs) 1 hr after the
BSP infusion (5-10 mg/min) had begun. In addition, all
dogs received an initial prime of 8 mg/kg. Plasma samples
were drawn every 5 min, and bile samples collected every
10 min. Tm(mg/min) was taken as the biliary output
(mg/min) of BSP as long as the plasma concentration re-
mained in excess of 3 mg/100 ml. The relative storage
capacity, S(mg/mg per 100 ml), was estimated as follows:
S = ([I— ApPV] — Tn)/Ap where I = infusion rate of BSP,
mg/min; Ap = the change in plasma BSP concentration per
min, mg/100 ml per min; and PV =the plasma volume in
hundreds of millimeters. On one occasion (Dog Ri—Table
1V), hydrocortisone-4-“C was added to the hydrocortisone
infusion, and biliary clearance of radioactivity was also
measured.

Analytical techniques. Sodium, potassium, and chloride
concentrations in bile were determined with a Technicon
autoanalyzer (Technicon Co., Inc, Tarrytown, N. Y.).
Total carbon dioxide content was measured with a Natelson
gasometer, and bicarbonate concentrations were estimated
by subtracting 1.2 mmole, the concentration of carbonic
acid at an assumed Pco: of 40 mm Hg. Bile acid concentra-
tions were calculated as the difference between the sums of
these cations and anions (15). pH was measured with a Beck-
man Zeromatic (Beckman Instruments Inc., Fullerton, Calif.)
pH meter in bile samples immediately after collection in

corked tubes. Osmolality was estimated by freezing point
depression in a Fiske Osmometer (Fiske Associates, Ux-
bridge, Mass.).

Radioactivity in plasma and bile samples was measured
with a Packard Tri-Carb (Packard Instrument Co., Inc.,
Downers Grove, Il1l.) model 3003 liquid scintillation spec-
trometer. All plasma samples were treated as previously
described (15). Bile samples containing sodium taurocho-
late-24-"*C were diluted 2-500 times with physiologic saline.
A 1 ml aliquot of this dilution was then added to 10 ml of
Bray’s solution for counting. Bile samples containing eryth-
ritol-*C as well as those with hydrocortisone-4-**C were
treated as previously described (16) except that 20 ul of
30% hydrogen peroxide were added after bleaching with
sodium hypochlorite (Chlorox, Texo Corp., Cincinnati,
Ohio) to eliminate extraneous scintillations caused by reac-
tion between sodium hypochlorite and Bray’s solution.
Quenching was estimated by addition of an internal standard.

Chromatographic analysis of bile and urine samples con-
taining hydrocortisone-4-*C was made with a solvent sys-
tem of l-butanol (Fisher certified, Fisher Scientific Com-
pany, Pittsburgh, Pa.) methanol (Fisher histologic grade),
and deionized water in the proportions of 2:1:1, v/v/v,
which appeared to give the best separation of free cortisol
and cortisol metabolites from bile and other constituents of
canine bile and urine. Aliquots of bile (0.3-0.5 ml), urine,
or methylene chloride extracts of urine (0.5-1.5 ml), and
hydrocortisone hemisuccinate or hydrocortisone-4-*C solu-
tions (0.005-0.01 ml) were applied across 10-cm strips on
23 cm 3 MM Whatman paper strips which were developed
by descending chromatography at 4°C for 18 hr.. After air
drying, each paper was cut in three equal longitudinal strips
with one to be examined directly under ultraviolet light
(long and short wave), one to be sprayed with Kritchevsky’s
reagent before examination under ultraviolet light, and one
for strip counting in a Packard (Packard Instrument Co.,
Inc.) Radiochromatogram Scanner, model 385.

Sulfobromophthalein sodium (BSP) concentrations in
plasma and bile samples and the plasma volume were deter-
mined by methods previously described in detail (17).

Statistical significance of changes in bile composition and
flow was evaluated with the Student’s f test.

RESULTS

Water and electrolyte excretion. Within 1520 min
after the start of a hydrocortisone infusion, a marked
increase in bile flow was observed in all five dogs (Fig.
1). The increment, which ranged maximally from 38 to
82% (mean 68%) in excess of control valves persisted
for at least 1-2 hr after termination of the infusion.
The increments in flow were statistically significant at
the 0.5% level in each animal. In association with this
choleresis, the bile concentrations of sodium and potas-
sium fell (Table I). Bicarbonate concentrations either
increased slightly or remained unchanged while chloride
concentrations rose. Consequently, the calculated con-
centrations of bile acids fell in every instance. The
changes in concentration paralleled the changes in bile
flow, usually appearing during the infusion and tending
to persist thereafter.

The biliary outputs of all electrolytes, with the ex-
ception of taurocholate, were markedly increased during
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Ficure 1 Effect of hydrocortisone on bile flow in the dog. Bile flow (ml/min)
is plotted logarithmically on the ordinate against time (min) for each of five
dogs (A, G, R, C, and M) before, during, and after intravenous administration
of hydrocortisone. Control bile flow is plotted on the left; cross-hatched areas
indicate deviations from the mean control values throughout the course of each
experiment. Bile flow increased significantly in every experiment.

administration of hydrocortisone and for 1 hr thereafter
(H and Ri, Table II) when bicarbonate output had
returned to control levels. All increments were statisti-
cally significant at the 0.1-0.59% levels. There was no
significant change in biliary pH or osmolality (Table
I).

Bile acid excretion. Computation of bile acid excre-
tion, as the difference between cation and anion excre-
tion, failed to show significant change during hydro-
cortisone choleresis. This finding was to have been ex-
pected during the maintenance of a constant infusion of
sodium taurocholate. A variable discrepancy between
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the amount of bile acid administered and the amount ex-
creted in the bile (11.75-22.21 wEq/min in the control
periods, Table II) was observed in these as in earlier
experiments (13). These differences may be accounted
for by variations in endogenous bile acid synthesis or
entry via the enterohepatic pathway. It seems likely
that synthesis tended to be suppressed by the relatively
high plasma concentrations maintained throughout and
that inconstant reabsorption of bile acids present in the
intestinal contents at the beginning of each experi-
ment was chiefly responsible. The fact that output
tended to be constant, except for changes to be ex-
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TABLE 1

Effect of Hydrocortisone on Biliary Elecirolyte Composition™

Dog Period pH Nat K+ C1- HCOs:™ Tau~ Osmolality
mEq/liter mOsm/kg
A C 7.78 200 7.8 63 21 125 286
H 7.80 185 7.2 71 27 95 285
R, 7.88 175 6.6 78 31 73 282
R, 7.80 181 6.6 78 29 80 287
G C 7.80 163 6.1 58 26 86 253
H 7.72 152 5.6 68 26 63 258
R, 7.66 155 5.6 69 26 66 262
R. 7.66 154 5.5 69 27 63 259
R C 7.89 177 6.3 62 29 92 275
H} 7.83 167 6.0 69 29 75 271
R, 7.90 163 59 71 29 69 270
R. 7.90 168 6.8 72 32 70 273
C C 7.90 183 6.3 65 29 96 283
H 8.00 172 5.9 77 33 68 273
R, 7.78 157 5.4 72 28 62 263
R, 7.88 155 5.4 75 23 62 264
M C 7.90 192 7.0 76 34 89 288
H 7.90 185 6.7 80 37 76 281
R: 8.00 178 6.1 83 39 62 284
R, 7.90 172 5.6 82 43 52, 282

* Values for biliary electrolyte concentrations (mEq/liter), inéluding taurocholate
(Tau™), were obtained in five experiments during a 60 min control period (C),
infusion of hydrocortisone (H), and the last 30 min of each of two subsequent

60-min periods (R; and R.).

I Includes samples only from final 30 min.

pected as a result of dead space effects and depletion of
the endogenous bile acid pools during complete collec-
tion of bile, suggests that the hormone had no direct
effect upon biosynthesis or intestinal absorption.

In order to define more precisely the hepatic excre-
tion and clearance of bile acids, sodium taurocholate-
4-*C was added to the taurocholate infusion at the be-
ginning of the experiment in each of three dogs. The
biliary output of radioactivity remained constant
throughout in conformity to the indirect determinations.
Since the extraction of taurocholate by the canine liver
is close to 1009 when it is administered in doses (10~
12 pEq/min) comparable with those employed in these
studies (14), it may be inferred that the hepatic clear-
ance of labeled taurocholate may be used as a reliable
estimate of hepatic blood flow. The constancy of labeled
taurocholate clearances under these circumstances
throughout each of these three experiments therefore
indicates little or no change in hepatic perfusion and
in consequent delivery of bile acids or other substances
to the liver as a result of such a change.

It should be stressed that the choleresis produced by
hydrocortisone appeared to be superimposable upon that
attributed to taurocholate excretion (Fig. 2). The extent
to which this response was strictly additive cannot be de-
fined at this point owing to the intrinsic variance in bile
flow, unpredictable differences in control values for flow
from animal to animal and from time to time in the same
animal, and uncertainties regarding the hydrocortisone
dose-response relationship. In two experiments, tauro-
cholate was infused at successively higher rates (10, 45,
and 90 xEq/min) to determine the bile flow-taurocholate
output relationship. Bile flow increased with each in-
crement in taurocholate infusion to reach an equilibrium
after about 60 min at each rate (shown as closed circles
in Fig. 2). These measurements were then repeated
during constant hydrocortisone infusion (4 mg/min;
open circles in Fig. 2). In one animal (C) the tauro-
cholate infusion was successively reduced from 90 to 45
to 10 skEq/min. In the other (R) the taurocholate infu-
sion was reduced to 10 xEq/min and then increased
successively to 45 and 90 xEq/min. Each measurement

Hydrocortisone Choleresis in the Dog 1717



TasLE II
Effect of Hydrocortisone on Bile Flow and
Biliary Electrolvte Excretion*

Bile
Dog Period flow Nat K+ Cl- HCOs™ Tau~
ml/min nEq/min
A C 0.094 1851 0.73 5.87 192 11.75
H 0.144 2643 1.03 10.13 3.88 13.70
R, 0.162 2827 1.07 12.56 5.02 11.83
R. 0.144 26.06 095 11.23 4.19 11.50
G C 0.166 27.06 1.01 9.63 420 14.29
H 0.270 4098 1.50 18.38 6.96 17.00
R, 0.230 35.80 1.29 15.87 595 15.20
R, 0.230 35.50 1.27 15.87 6.24 14.50
R C 0.241 42,61 1.52 1497 7.01 2221
H 0.333 55.55 199 22.84 9.80 24.92
R: 0.295 48.15 1.75 21.12 8.55 20.36
R, 0.260 43.68 1.77 18.72 845 18.20
C C 0.140 25.60 0.88 9.06 411 13.42
H 0.245 42.03 145 18.83 8.02 16.62
R 0.209 32.80 1.13 15.13 595 1295
R. 0.188 29.13 1.01 14.19 4.34  11.65
M C 0.207 39.64 145 15.70 6.98 1841
H 0.273 50.33 1.83 21.67 10.04 20.60
R: 0.307 54.45 1.85 2543 12.09 19.00
R. 0.295 50.80 1.65 24.20 12.70 15.40

* Values for bile flow (ml/min) and electrolyte output
(kEq/min), including taurocholate, Tau~, were obtained as
noted in Table I.

was made after 60 min of equilibration. It may be seen
in Fig. 2 that hydrocortisone always increased bile flow
above levels produced by taurocholate regardless of the
rate of taurocholate infusion or antecedent bile flow
rate.

TasLE III
Recovery of Hydrocortisone-4-**C from Bile and Urine

Dog Weight Bile Urine
ke

G 16.8 419, 27%

R 21.9 50% 37%

C 28.1 129, 26%

M 29.5 38% 31%

Hwydrocortisone excretion. The output of radioac-
tivity in urine and bile was determined in four dogs
after administration of hydrocortisone-4-*C (dog R,
rapid single intravenous injection of 200 mg of cortisol
and 1 uCi of labeled compound; dog M, intravenous in-
fusion, 60 min, 5 #Ci of labeled compound alone; dogs
G and C, intravenous infusion, 60 min, 200 mg of cor-
tisol and 5 #Ci of labeled cortisol). The cumulative re-
coveries in urine and bile during a 4 hr period in R and
during 3 hr after termination of infusion in the others
are presented in Table ITI. It may be seen that radioac-
tivity was largely eliminated in both urine and bile.
Labeled material appeared in the bile in measurable
amounts within 30 min in each study. The plasma radio-
activity tended to “level off” for a period of approxi-
mately 1 hr shortly after completion of injection or in-
fusion and declined slowly thereafter. Calculation of
biliary clearances during this “equilibrium period”
yielded mean values of 56.0 ml/min for dog R, 45.0 ml/
min for dog M, 41.0 ml/min for dog G, and 14.0 ml/min
for dog C in association with bile flows of 0.23, 0.18,
0.34, and 0.17 ml/min, respectively. It should be noted
that bile flow increased significantly in all except the
animal (dog M, see above) that received a tracer dose
only of the steroid.

TaBLE IV
BSP Transport Maximum and Relative Storage Catacity
Control
Dog PV Issp v Ppsp Ap Tm s
mg/min ) ml/min mg/100 ml mg/100 ml mg/min mg/mg

per min per 100 ml
G 715 9.02 0.35 4.27 0.092 4.16 46
C 1000 5.68 0.29 3.59 0.007 4.40 162
M 1200 9.57 0.35 5.33 0.052 5.83 60
R 1006 10.09 0.33 4.27 0.068 5.66 55
Rt 1006 8.74 0.44 3.28 0.026 5.72 105

* Abbreviations: PV = plasma volume; Iggp = infusion rate of BSP; V = bile flow; Ppgp. = plasma concentration

of BSP at start of period; Ap = rate of increase in BSP plasma concentration throughout period; T

= mean

maximal biliary transport of BSP during each period; and S = relative storage capacity of BSP during each period.
1 Dog R also received hydrocortisone 4-1C; see Fig. 4.
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Ficure 2 Effect of hydrocortisone on the changés in bile
flow with taurocholate excretion in the dog. Taurocholate
excretion was maintained at a constant value after intra-
venous administration of sodium taurocholate (1.3%) for
60 min at three successively different rates (10, 45, and 90
uEq/min). Mean values for bile flow at each level in two
dogs (R and C) were obtained in the absence of (closed
circles) and during (open circles) administration of hydro-
cortisone infusion. See text for further detail. Hydrocorti-
sone choleresis was always superimposed upon that at-
tributable to the bile salt.

Bile and urine samples obtained during the “equi-
librium period” in two dogs (M and G) were subjected
to paper chromatography and strip radioscanning to
evaluate metabolic changes in hydrocortisone-4-*C dur-

during Control, Hydrocortisone Infusion, and Recovery*

0.5

04}
0.3F
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mli/ min

0.2f
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Ficure 3 Biliary clearance (Cg) of erythritol-“C from

plasma before and after administration of hydrocortisone in
the dog. Bile/plasma concentration ratios exceeded unity in
all three dogs (open square—A, open triangle—C, and open
circle—G) so that the mean clearance values all lie above
the diagonal of identity. The maximal increment in bile
flow after administration of hydrocortisone (closed square,
triangle, and circle) was associated with roughly equivalent
change in erythritol clearance.

ing the stay in the body. The radioactivity in samples of
both bile and urine was found to move preponderantly
as a single band, having an Rt of 0.50. In urine, a small
quantity was also detectable close to the advancing front
with an Re of 0.82. Hydrocortisol-4-“C hemisuccinate
added to control bile was found to move in the same
chromatographic and solvent system with an Rt of 0.88.

Hydrocortisone Recovery
v Pasp Ap Tm S v Pasp Ap Tm S
ml/min mg/100 ml. mg/100 mi mg/min mg/mg ml/min mg/100 ml mg/100 ml mg/min mg/mg
per min per 100 ml ) per min per 100 ml

0.34 8.82 0.072 4.31 58 0.32 11.85 0.092 3.84 49
0.33 4.10 0.023 4.33 49 0.32 5.15 0.015 4.22 86
0.34 5.4 0.042 5.40 87 0.28 10.30 0.050 4.69 87
0.30 9.00 0.043 5.10 106
0.46 4.07 0.026 6.11 92 0.46 5.31 0.026 6.03 61

Hydrocortisone Choleresis in the Dog 1719



Most, if not all, of the substance excreted in bile was,
therefore, a derivative of the infused steroid. The small
amount of unaltered steroid appearing in the urine was
concentrated by methylene chloride extraction to permit
more precise chromatographic identification. The bile
acids (R: 0.70) interfered with extraction from bile.
Erythritol excretion. To assess the effect of hydro-
cortisone upon the excretion of small, metabolically inert
molecular species such as creatinine, urea, and mannitol,
the clearance of erythritol-*C was measured before, dur-
ing, and after administration of the steroid in three dogs.

The average clearance values during 1 hr of control
measurements ranged from 0.19 to 0.24 ml/min (Fig. 3)
in association with bile/plasma concentration ratios of
1.35 in dog C, 1.71 in dog G, and 2.13 in dog A. These
findings conform to earlier observations made in dogs
receiving taurocholate at the same infusion rate (10
wEgq/min) (16). The clearances increased 33-729% dur-
ing hydrocortisone choleresis in all three animals. Maxi-
mal clearances (measured over 15 min or more) ranged
from 0.29 to 0.41 ml/min (Fig. 3). These changes were
proportional to those in bile flow so that bile/plasma

Sodium Taurocholate 10-12 muEq/min

BSP 8.74 mg/min

Solucortef 200 mg

5puc Hydroconisom—A-MC. POPS I L4
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Ficure 4 Effect of sulfobromophthalein sodium (BSP) on the choleretic

response to hydrocortisone.

Sodium taurocholate and BSP were

infused

throughout. Administration of labeled hydrocortisone was followed by the
appearance of radioactivity in plasma and bile without change in bile flow

or maximal BSP excretion.
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TABLE V
Composition of Maximal Increment in Bile Flow (AF) during Hydrocortisone Choleresis*

Maximal increment Composition
Dog AF Nat K+ Cl- HCOs~ Nat K+ CI- HCOs™ Osm
wEq/min mEq/liter mOsm/kg
A 0.068 9.76 0.34 6.69 3.10 143 5.0 98 46 296
G 0.104 13.92 0.49 8.75 2.76 134 4.7 84 27 278
R 0.092 12.94 0.47 7.87 2.79 141 5.1 86 30 292
C 0.105 16.43 0.57 9.77 3.91 156 5.4 93 37 323
M 0.102 14.81 0.40 9.73 5.11 145 3.9 95 50 298

* Composition (mEq/liter) of fluid added to bile in hydrocortisone choleresis was computed by dividing the maximal
increment in output (uEq/minute) of each electrolyte by the maximal increment in flow. Osmolality (Osm) of the
increment was estimated as the sum of sodium and potassium incremental concentrations multiplied by two.

concentration ratios remained relatively constant (1.42—
G, 1.55—C, 2.04—A). Although taurocholate infusion
was kept constant throughout, the response was similar
to that observed when taurocholate infusion was in-
creased two- to threefold in other studies (13).

Sulfobromophthaletn sodium (BSP) excretion. The
biliary excretion of BSP was evaluated on five occasions
before, during, and after administration of hydrocorti-
sone infusion as a guide to the effect of the hormone
upon hepatocellular function. Values for relative stor-
age capacity (S) and maximal transfer rates (Tm) of
BSP are presented in Table IV. No obviously consistent
change was observed. Maximal transport decreased
slightly in three experiments and increased somewhat in
two. Storage capacity varied widely, increasing markedly
in one experiment, decreasing in a second, and changing
relatively little in three more. In one experiment (Fig.
4), hydrocortisone-4-*C was added to the infusion of
Solu-Cortef. The presence of BSP appeared to have no
clearly demonstrable effect upon biliary clearance (29.0
ml/min) of the isotope. It is noteworthy, however, that
the choleresis associated with maximal excretion of
BSP was not further augmented, as expected, during
administration of hydrocortisone (Table IV and Fig.
4).

DISCUSSION

These experiments have clearly defined a major cho-
leretic action of hydrocortsione in the dog. Although the
administered dose of glucocorticoids was high rela-
tive to body weight (equivalent to about 10 mg of hy-
drocortisone per kg) choleresis began when considerably
less than half of the total dose had been infused. In two
experiments a similar choleretic response was observed
with a total dose of only 50 mg of hydrocortisone by
infusion over 1 hr. A response does seem to occur,
therefore, at dosage levels which are not greatly in

excess of maximal rates of cortisol synthesis reported
(18) for the dog. The data are insufficient, however, to
warrant the conclusion that adrenal steroids exert an
influence upon hepatobiliary function under normal
physiologic conditions.

According to the current view (5), bile is secreted
by the hepatic cells into the canaliculi by a mechanism
dependent, in the main, upon bile salt excretion. A sec-
ond moiety of fluid and electrolyte is believed to be
added by the ducts and ductules under the influence of
secretin (13). Additional support for this hypothesis has
emerged from recent studies (16, 19) of the biliary
clearances of a variety of metabolically inert, lipid in-
soluble, and high diffusible solutes of relatively small
molecular dimensions (including urea, creatinine, man-
nitol, and erythritol). All appear to be distributed
rapidly and equally between the plasma and the hepatic
cells, all are cleared at approximately the same rate,
and all are correlated linearly with taurocholate excre-
tion. In contrast, secretin choleresis does not affect in-
ert solute clearance in keeping with the inference that
the bile salts control canalicular flow, and biliary volume
may be modified by fluid transfer more distally.

The maximal increment in bile formed after adminis-
tration of hydrocortisone resembled that produced in
response to the additional excretion of 10-12 wEq of
sodium taurocholate per min (Table V). Its composi-
tion, computed by dividing the increment in output of
each constituent by the increment in flow, was similar
to that of plasma water except for a somewhat high
bicarbonate concentration. Since studies with isotopically
labeled hydrocortisone failed to show any cleavage of the
steroid nucleus, only the cationic free or conjugated
forms appear to have been present. Consequently, bili-
ary output of the hormone appeared to amount to no
more than 1-2 xEq/min. This excretion of hormone did
not change even when the expected increase in bile flow
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was eliminated during maximal excretion of BSP. In
view of this fact and the absence of additional tauro-
cholate excretion, the bile flow increment was probably
not the result of an osmotic gradient imposed at the
canalicular level by either hydrocortisone or bile salt
per se.

It is possible that the changes observed in biliary vol-
ume and composition could have been induced by a sec-
ondary rise of endogenous secretin levels. In line with this
possibility, hydrocortisone is known (20) to induce gas-
tric acid secretion, a potent stimulus to secretin release.
With secretin, however, a much more alkaline and more
concentrated maximal increment would have been expected
(13). Moreover, the erythritol clearance increased with
bile flow during the action of hydrocortisone resembling,
in this respect, the response to taurocholate rather than
the response to secretin (16, 19). The alteration in
erythritol clearance strongly suggests that hydrocorti-
sone acts at the hepatocellular level. Although hepato-
cellular transport and accumulation of BSP were not
affected by hydrocortisone in these experiments, maxi-
mal BSP excretion did apepar to prevent hydrocortisone
choleresis independently of steroid clearance (Fig. 4).
These findings are consistent with a mechanism of
canalicular choleresis which is independent of the cel-
lular transport of BSP or hydrocortisone as such.

Although canalicular bile formation may depend im-
portantly upon active transport of bile acids and other
organic anions, the failure of changes in bile acid output
(BV) to affect canine bile flow at very low absolute
levels of BV (21) and the positive intercept for man-
nitol clearance (Cm) when Cm is plotted against BV
in the dog (16) indicate that other mechanisms may also
play a primary role. The present study suggests that
such a mechanism is activated by hydrocortisone. The
data are consistent with an increase in bile flow as the
result of the addition of an iso-osmotic ultrafiltrate of
plasma, possibly secondary to a change in the perme-
ability of an intercellular barrier between plasma and
bile. The choleretic responses to hydrocortisone and
taurocholate appear to be independent and additive
(Fig. 2) and may, therefore, depend upon different
canalicular mechanisms. Furthermore, the observed in-
teraction between BSP and hydrocortisone, but not be-
tween either and taurocholate, indicates that certain
organic anions may not share in toto the secretory path-
way for taurocholate, a conclusion in harmony -with re-
cent work by Alpert, Mosher, Shanske, and Arias (22)
on Corriedale sheep in which BSP transport is impaired
independently of bile acid transfer. More work is neces-
sary to define the extent to which biliary hydrocortisone
secretion and its choleretic effect may be generally
representative of biliary excretion of other organic ca-
tions or anions (23). Such a mechanism of taurocholate-
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independent choleresis may well be involved in producing
inexplicable variations in basal bile flow under a wide
variety of conditions and in the beneficial response to
steroid therapy sometimes observed (24) in patients
with intrahepatic cholestasis.

ACKNOWLEDGMENTS

We wish to thank Misses Eleanor Bachthaler, Linda Green,
and Barabara Jones and Mrs. Eileen McDaniel for skillful
technical assistance.

This work was carried out with the support of Grant
A1-08890 from the National Institute of Allergy and
Infectious Diseases, U. S. Public Health Service.

REFERENCES

1. Shay, H., and D. C. H. Sun. 1957. Possible effect of
hydrocortisone on bilirubin excretion by the liver.
N. Engl. J. Med. 257: 62.

2. Clifton, J., F. J. Ingelfinger, and B. A. Burrows. 1958.
The effect of cortisone and hydrocortisone on hepatic
excretory function. J. Lab. Clin. Med. 51: 701.

3. Johnson, H. C, Jr, and J. P. Doenges. 1956. Intra-
hepatic obstructive jaundice (primary cholestasis), a
clinico-pathologic syndrome of varied etiology: a review
with observations of the use of corticotropin as a
diagnostic tool. Ann. Intern. Med. 55: 589.

4. Patterson, P. R, J. F. Dingman, and H. Schwachman.
1954. Choleretic action of cortisone. N. Engl. J. Med.
251: 502. i

5. Sperber, I. 1959. Secretion of organic anions in the
formation of urine and bile. Pharmacol. Rev. 11: 109.

6. Forker, E. L. 1969. The effect of estrogen on bile forma-
tion in the rat. J. Clin. Invest. 48: 654.

7. Kappas, A. 1968. Studies in endocrine pharmacology.
Biologic actions of some natural steroids on the liver.
N. Engl. J. Med. 278: 378.

8. Scherb, B. J., M. Kirschner, and T. Arias. 1963. Studies
of hepatic excretory function. The effect of 17-a-ethyl
19-nortestosterone on  sulfobromophthalein  sodium
(BSP) metabolism in man. J. Clin. Invest. 42: 404.

9. Javitt, N. B,, and S. Emerman. 1968. Effect of sodium
taurolithocholate on bile flow and bile acid excretion.
J. Clin. Invest. 47: 1002.

10. Settimi, A. 1955. Il cortisone aumenta il flusso biliare
nella cavia. Boll. Soc. Ital. Biol. Sper. 31: 679.

11. Telkki, A, and A. N. Kuusisto. 1962. Bile flow in
adrenalectomized rats. Acta Endocrinol. 41: 57.

12. Bauman, J. W., B. S. Cheng, and F. R. Hall. 1966. The
effects of adrenalectomy and hypophysectomy on bile
flow in the rat. Acta Endocrinol. 52: 404.

13. Preisig, R., H. L. Cooper, and H. O. Wheeler. 1962.
The relationship between taurocholate secretion rate and
bile production in the unanesthetized dog during cho-

linergic blockade and during secretin administration.
J. Clin. Invest. 41: 1152,

14. Morris, T. Q. 1968. The use of *C-sodium taurocholate
to estimate hepatic plasma flow. J. Clin. Invest. 47: 70a.
15. Wheeler, H. O., and O. L. Ramos. 1960. Determinants
of the flow and composition of bile in the unanesthetized

dog during constant infusions of sodium taurocholate.
J. Clin. Invest. 39: 161.

V. Macarol, T. Q. Morris, K. J. Baker, and S. E. Bradley



16.

17.

18.

19.

Wheeler, H. O., E. D. Ross, and S. E. Bradley. 1968.
Canalicular bile production in dogs. Amer. J. Physiol.
214: 866.

Wheeler, H. O., J. I. Meltzer, and S. E. Bradley. 1960.
Biliary transport and hepatic storage of sulfobro-
mophthalein sodium in the unanesthetized dog, in normal
man and in patients with hepatic disease. J. Clin. Invest.
39: 1131.

Egdahl, R. H. 1960. Adrenal cortical and medullary
responses to trauma in dogs with isolated pituitaries.
Endocrinology. 66: 200.

Forker, E. L. 1967. Two sites of bile formation as
determined by mannitol and erythritol clearance in the
guinea pig. J. Clin. Invest. 46: 1189.

20.

21.

22.

23.

24.

Sun, D. C. H, and H. Shay. 1957. Effect of cortisone,
hydrocortisone, and adrenocorticotrophic hormone on
gastric secretion in the dog. Fed. Proc. 46: 125.
Nahrwold, D. L., and M. L. Grossman. 1967. Secretion
of bile in response to food with and without bile in the
intestine. Gastroenterology. 53: 11.

Alpert, S., M. Mosher, A. Shanske, and I. M. Arias.
1969. Multiplicity of hepatic excretory mechanisms for
organic anions. J. Gen. Physiol. 53: 238.

Schanker, L. S, and H. M. Solomon. 1963. Active
transport of quaternary ammonium compounds into bile.
Amer. J. Physiol. 204: 829.

Katz, R, H. Ducci, and H. Alessandri. 1957. Influence

‘of cortisone and prednisolone on hyperbilirubinemia.

J. Clin. Invest. 36: 1370.

Hydrocortisone Choleresis in the Dog 1723



