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Studies in dogs revealed that insulin ad- 
ministered intravenously caused large in- 
creases in bile secretion (14). Because anti- 
cholinergic drugs or vagotomy reduced the 
stimulated bile secretion, insulin choleresis 
was thought to be vagally mediated (1). More 
recent studies, however, showed that insulin 
choleresis was not abolished following vagot- 
omy, and there remained a substantial non- 
vagal component to insulin stimulated bile 
secretion (2-4). Therefore, although hypogly- 
cemia is a potent vagal stimulant, insulin has 
another choleretic mechanism. 

If insulin does not stimulate bile secretion 
by vagal mechanisms, then it acts directly 
upon the liver or stimulates another choleretic 
mechanism. The following experiments were 
performed to determine if any of the other 
hormones secreted by the gastrointestinal 
tract or adrenal glands are essential to the 
choleresis that follows insulin administration. 
Other hormones demonstrated to stimulate 
bile secretion include gastrin ( 5 ) ,  secretin (6),  
cholecystokinin ( 5 ) ,  glucagon (7), and corti- 
sone (8). 

Materials and methods. Mongrel dogs were 
anesthetized with intravenous pentobarbitol 
and randomly assigned to evisceration, adre- 
nalectomy, or control groups. All dogs un- 
derwent cholecystectomy and cannulation of 
the common bile duct with polyethylene tub- 
ing (Intramedic PE 200). Animals in the evis- 
ceration group additionally underwent re- 
moval of stomach, spleen, pancreas, duo- 
denum, rest of the small intestine, and colon. 
Controlled mechanical ventilation was pro- 
vided throughout all experiments, and care 
was taken to avoid injury to the hepatic artery 
during evisceration. 

Bile was collected by gravity drainage in 
graduated tubes. Throughout each experi- 
ment fifteen hundredths molar NaCl was in- 
fused into a leg vein via a polyethylene tube 
(Intramedic PE 50) at 50 ml/hr by a Cali- 

brated peristaltic infusion pump (Harvard 
Apparatus Co., Dover, MA). At the end of 
the fourth 15-min period 250 mg/hr sodium 
taurocholate (Maybridge Chemical Co., Tin- 
tage, North Comwall, United Kingdom) was 
administered for the remainder of the exper- 
iment. After the 8th or 12th 15-min period 
each dog received an intravenous injection of 
regular insulin 1 unit/kg dissolved in 10 ml 
of 0.15 M NaC1. 

Bile volumes were measured to the nearest 
0.1 ml. Bile salt concentrations were mea- 
sured by a steroid dehydrogenase method (9). 
Recovery of sodium taurocholate added to 
dog bile was 98%. Blood sugar concentration 
were measured with an Ames Blood Ana- 
lyzer. Statistical comparisons were made us- 
ing t tests for paired or unpaired values (10). 
P values less then 0.05 were considered sig- 
nificant. 

Three groups of dogs were studied: (a) 
Fourteen eviscerated dogs were compared 
with 14 controls. Each of these dogs received 
the insulin at the end of the 8th 15-min 
period. (b) Six additional eviscerated dogs 
received insulin after 12 15-min periods so 
that taurocholate was infused for 2 hr prior 
to insulin administration. (c) Eight adrenal- 
ectomized dogs were compared to 8 controls. 
In these studies, the insulin was administered 
at the end of the 12th 15-min period. 

Results. Evisceration studies. Bile flow. After 
insulin administration, bile flow increased 
significantly within 30 min in both the control 
animals and the eviscerated animals (Fig. 1). 
All bile flow rates after the 4th 15-min period 
in the eviscerated animals were significantly 
lower than controls. Because evisceration re- 
sulted in lower bile flow rates the effect of 
insulin on bile flow was assessed further by 
expressing post insulin responses as percent 
of the pre insulin (8th 15-min period) value. 
Peak post insulin flow in control dogs was 
147% of the pre insulin values, while for 
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FIG. 1 .  The effect of evisceration on insulin stimu- 
lated bile flow. Each point represents the mean of 14 
observations f SEM. Asterisks indicate P < 0.05 com- 
pared with the 8th 15-min period. 

eviscerated dogs the peak insulin response 
was 180% of the pre insulin flow. 

Bile salt concentration. Pre- and postinsulin 
bile salt concentrations did not differ signifi- 
cantly in either the control or eviscerated 
groups (Fig. 2). 

Bile salt output. The control animals ex- 
hibited no difference between pre insulin bile 
salt output and postinsulin bile salt output. In 
the eviscerated animals there were marked 
and statistically significant differences be- 
tween the pre insulin and post insulin values 
(Fig. 3). 

Blood glucose concentrations. Mean pre in- 
sulin blood sugar concentration in the control 
animals was 87.5 f 5.2 mg% and in the first 
and second hours following insulin the values 
were 39.5 +, 2.4 and 52.9 f 9.5 mg% respec- 
tively. Pre insulin sugar concentration in the 
eviscerated animals was 108.2 f 18.3 mg% 
and in the first and second hours following 
insulin the values were 68.0 +, 16.3 and 60.2 
f 13.8 mg% respectively. 

Evisceration studies with delayed insulin ad- 
ministration. Bileflow. In the group of evis- 
cerated dogs administered insulin after 2 hr 
of taurocholate, bile flow increased signifi- 
cantly from 0.9 2 0.1 ml/l5 min to 1.3 f 0.1 
ml/l5 min 30 min after insulin. Peak postin- 
sulin flow was 1.4 f 0.2 m1/15 min, 156% of 
the pre insulin value, occurring 75 rnin fol- 
lowing insulin. 

Bile salt output. In the second group of 
eviscerated dogs the preinsulin bile salt out- 
put was 102.4 +, 10.0 pEq/l5 min, which was 
not significantly different from the values for 
the first and second postinsulin hours, which 
were 108.4 f 18.2 and 111.8 +, 18.6 pEq/l5 
min respectively. 

Adrenalectomy studies. Bile flow. Bile flow 
of both the control and adrenalectomized 
dogs increased significantly within 30 min 
following insulin administration (Fig. 4). 
Peak post insulin bile flow in the control dogs 
was 127% of the preinsulin value and peak 
post insulin bile flow in the adrenalectomized 
dogs was 145% of the preinsulin value. The 
responses to insulin of the two groups were 
not significantly different from each other. 

Bile salt concentration. Bile salt concentra- 
tion did not change Significantly after insulin 
in either the control or the adrenalectomized 
animals (Fig. 5). There were also no signifi- 
cant differences in bile salt concentrations 
when the control and adrenalectomized 
groups were compared to each other. 

Bile salt output. Bile salt output, like bile 
salt concentration, did not change signifi- 
cantly within 2 hr of insulin administration 
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FIG. 2. Bile salt concentration before and after in- 
sulin in control and eviscerated groups. The bars repre- 
sent the mean of 14 observations and the brackets des- 
ignate SEM. 
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FIG. 4. The effect of bilateral adrenalectomy on in- 
sulin stimulated bile flow. Each point represents the 
mean of eight observations f SEM. Asterisks denote P 
< 0.05 compared with the 12th 15-min period. 
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FIG. 5. Bile salt concentration before and after in- 
sulin in control and adrenalectomy groups. The bars 
represent the mean of eight observations and the brackets 
designate SEM. 

in either the control or the adrenalectomized 
animals (Fig. 6). There were similarly no 
significant differences in bile salt output when 
control and adrenalectomized animals were 
compared for preinsulin, 1 hr postinsulin, and 
2-hr postinsulin values. 
Serum cortisol. Preinsulin serum cortisol 

concentration in the control group was 11.2 
f 0.5 pg/lOO ml, and 1 hr following insulin 
was 11.0 f 0.8 pg/lOO ml. In the adrenalec- 
tomy group pre insulin serum cortisol con- 
centration was 1.2 f 0.1 pg/lOO ml and one 
hour following insulin was 0.8 f 0.2 pg/lOO 
ml. 

Discussion. These studies indicate that in- 
sulin increased hepatic bile secretion in the 
absence of the rest of the gastrointestinal 
tract. Insulin choleresis therefore is not 
caused by the release of other hormones from 

the stomach, spleen, pancreas, duodenum, 
rest of the small intestine, or colon. Previous 
work demonstrated that insulin choleresis re- 
sembles glucagon choleresis; both hormones 
had a canalicular action, increased chloride 
output, and had no effect on bicarbonate 
output (9, 11, 12). Gastrin, CCK, and secretin 
stimulated bile secretion, but acted predomi- 
nantly on the ducts or ductules rather than 
on the canaliculi (5, 6). The present studies 
suggest that none of the other gastrointestinal 
hormones explains insulin's action, and that 
insulin choleresis is due to a direct action of 
insulin upon the liver. 

As in previous studies in dogs, insulin in- 
creased bile secretion and did not change bile 
salt output. Experiments using erythritol 
clearance techniques showed that insulin also 
increased canalicular secretion, which sug- 
gested that insulin stimulates the bile salt 
independent canalicular fraction (1 1). The 
physiologic roles of insulin choleresis and of 
the bile salt independent canalicular fraction 
are not known. 

Our earlier studies demonstrated that while 
insulin did not affect bile salt output, it did 
reduce bile salt concentration (2). The de- 
creased bile salt concentration during insulin 
choleresis was explained by dilution of the 
bile salts by water. The reduction in bile salt 
concentration in the present studies was not 
statistically significant, probably because bile 
volumes in these studies were considerably 
smaller than in the earlier studies. 

The data on bile salt output in the eviscer- 
ated animals is of special interest. It is evident 
in Fig. 3 that the pre insulin bile salt output 
in the eviscerated group was much lower than 
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FIG. 6. Bile salt output before and after insulin in 
control in control and adrenalectomy groups. 
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the other bile salt output values in both 
groups. The bile salt infusion rate was ap- 
proximately 116 pEq/15 min which is in the 
range of all bile salt outputs except the pre 
insulin value in the eviscerated group. Al- 
though several explanations for this obser- 
vation are possible, we believe that a larger 
portion of the bile salt pool was lost in the 
animals with the excised intestine than was 
lost in the control preparation. This longer 
period of bile salt infusion would theoreti- 
cally be required to achieve steady bile salt 
outputs in the eviscerated animals. Because 
the changes in bile salt flow in the eviscerated 
group were associated with changes in bile 
salt output, it was possible that the increased 
bile flow following insulin in the eviscerated 
group was due to increased bile salt secretion 
rather than to insulin. To clarify that question 
the six additional eviscerated dogs in the 
second part of the study were administered 
insulin later in the experiment, after bile salt 
output stabilized. In all six animals insulin 
increased bile flow again while bile salt out- 
puts were unchanged, and pre insulin bile salt 
output values were about the same as post 
insulin values. Therefore, the choleresis was 
due to insulin and not to changing bile salt 
output. 

It is interesting that evisceration decreased 
bile flow. In all periods subsequent to the 4th 
15-min period, bile flow rates were signifi- 
cantly lower in the eviscerated animals than 
in control animals (Fig. 1). Removal of a 
portion of the bile salt pool does not explain 
this because bile salt outputs of both eviscer- 
ated control animals after the second hour of 
the experiments were comparable. It is tempt- 
ing to speculate that deprivation of portal 
blood from the liver caused the reduction in 
bile flow but previous work by Neistadt et al. 
(13) indicate that is not the case. In that study 
bile flow was observed in anesthetized dogs 
before and after end-to-side or side-to-side 
portocaval shunt. Neither type of shunt 
changed basal bile secretion or dehydrocho- 
late stimulated chole re sis . Another explana- 
tion is that removal of the abdominal viscera 
deprived the liver of certain hormones that 
regulate bile flow. 

Most experiments investigating bile secre- 
tion have been conducted in conscious, un- 
anesthetized animals to avoid the effect of the 

anesthetic agent upon the experimental ob- 
servation. The present studies were per- 
formed acutely because maintaining fluid 
balance and nutrition in chronic, eviscerated 
animals would also introduce additional var- 
iables into the experiment. Since experimen- 
tal and control groups responded with signif- 
icant increases in bile secretion after insulin, 
comparison between those groups would ap- 
pear to be valid even though a general anes- 
thetic was employed. 

The third portion of these studies was per- 
formed to test the hypothesis that cortisone 
causes insulin choleresis. Previous investiga- 
tors have demonstrated that hydrocortisone 
is also a potent stimulator of the bile salt 
independent canalicular fraction of bile se- 
cretion (8). It has also been demonstrated 
clearly that insulin hypoglycemia caused se- 
cretion of cortisone which resulted in in- 
creased plasma cortisone concentrations ( 14). 
It was therefore possible that insulin stimu- 
lated cortisone secretion may have contrib- 
uted to the choleresis observed following in- 
sulin administration. Adrenalectomy pro- 
duced no alteration in the choleresis follow- 
ing insulin administration. Also, insulin for 
unclear reasons did not cause a significant 
increase in serum cortisol concentration in 
the control dogs. In the adrenalectomy group 
the serum cortisol concentration was reduced 
and there was no increase following insulin. 
Therefore, it is highly unlikely that endoge- 
nous cortisone secretion is responsible for 
insulin choleresis. 

The results of these studies strongly suggest 
that insulin administration influences bile se- 
cretory mechanisms by direct action of the 
hormone on the liver. More specifically, the 
gastrointestinal tract and adrenal glands are 
not essential for insulin choleresis. In an ear- 
lier study, insulin choleresis appeared to be 
reduced by antrectomy (1 5). However, those 
studies were carried out on dogs with de- 
pleted bile salt pools because of an inter- 
rupted enterohepatic circulation and no bile 
salt replacement. Gastrin probably is not pri- 
marily responsible for insulin choleresis also 
because the character of gastrin choleresis is 
quite different from insulin’s (5,7). Although 
insulin choleresis is not abolished by removal 
of the gastrointestinal organs, it is still possi- 
ble that other gastrointestinal hormones 
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somehow participate in insulin choleresis. 
Summary. In acute experiments performed 

on anesthetized dogs insulin choleresis was 
observed in control animals and compared 
with a group subjected to abdominal eviscer- 
ation. Other studies compared insulin chol- 
eresis in control dogs with a group prepared 
by bilateral adrenalectomy. These experi- 
ments demonstrated that insulin choleresis 
was not abolished by evisceration or adrenal- 
ectomy. Increments in gastrointestinal or ad- 
renal hormones are not necessary for insulin 
choleresis. 
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