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Interruption of the enterohepatic circula- 
tion by creation of a bile fistula or ileal 
resection causes a fall in serum bile acid 
levels (1 ,2)  and a five- to tenfold increase in 
bile acid synthesis in the experimental ani- 
mal (3-5) or man (6-10). To explain this 
observation, several authors have suggested 
that bile acid synthesis is regulated by the 
amount of bile acids returning to the liver 

We speculated that another explanation 
might be possible. The concentration of bile 
acids in portal or systemic blood might influ- 
ence the release of a hormone which in turn 
would regulate hepatic bile acid synthesis. 
To test this, we have carried out experi- 
ments using the in situ-isolated perfused ca- 
nine liver and compared the effect of blood 
from normal dogs with that of dogs with 
increased bile acid synthesis on the rate of 
bile acid synthesis by the perfused liver. As 
a control, we also perfused livers from dogs 
with increased bile acid synthesis with blood 
from normal dogs. 

Materials and methods. The experimental 
technique featured the isolated perfused 
liver as described by Urquhart (1 2) in which 
the liver of a small dog is perfused in situ by 
arterial blood from a large dog. Details of 
this perfusion technique have been pub- 
lished previously (1 3).  The experimental 
design was a 2-by-2 Latin Square: livers 
from small dogs with or without ileal resec- 
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(4, 1 1 ) .  

tion were perfused by large dogs with or 
without ileal resection. 

The animals used were mongrel dogs who 
had been treated for intestinal worms, were 
vaccinated against rabies and canine distem- 
per, and had been on regular kennel diet for 
at least 3 weeks. Twelve days prior to study, 
all animals underwent laparotomy under 
pentobarbital anesthesia, and a modified 
Thomas cannula was positioned in the third 
part of the duodenum to serve as a sham 
operation in the animals not resected. Con- 
tinuity of the intestine was reestablished 
with an end-to-end anastomosis in the larger 
dogs and a side-to-side anastomosis in the 
small dogs. The extent of resection was con- 
firmed by weighing the excised gut at the 
time of surgery and the remainder of the gut 
at the conclusion of the study. All animals 
used made an uneventful recovery from sur- 
gery and were within 15% of their preoper- 
ative weight at the time of the study. 

In each experiment a dog of 20-30 kg 
(pump dog) was used to provide the circula- 
tory system to support the isolated liver of a 
second dog (donor liver dog) of 4-8 kg. The 
isolated liver was left in situ and perfused via 
the portal vein with blood from the femoral 
artery of the pump dog. The inferior vena 
cava of the donor liver dog was cannulated 
and liver venous outflow was returned to the 
femoral vein of the pump dog. The hepatic 
artery of the donor liver dog was ligated. 
Blood flow to the perfused liver was main- 
tained at a constant value in the range of 
0.8-1.5 ml/g liver or 30 ml/kg body weight 
donor liver dog, by adjusting portal pressure 
in the range of 5-20 cm H 2 0 .  The cystic 
duct was ligated and a cannula placed in the 
common bile duct for bile collection. 

Bile was collected for half-hour periods 
for at least 7 hr in each study. Portal inflow 
pressure and portal blood flow were moni- 
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tored continuously and recorded every 15 had had an ileal resection, the rate of bile 
min, as was systemic blood pressure in the 
pump dog. An intravenous infusion of dex- 
tran was used as required to maintain sys- 
temic blood pressure. Oxygen tension, Hb, 
and O2 saturation was measured in the in- 
flow and outflow blood of the perfused liver 
on three occasions, 2 hr apart. This allowed 
calculation of hepatic oxygen utilization 
which was always in the range of 1.5-4 
mmol/kg liver/min. Tissue was taken for his- 
tologic examination at the end of each ex- 
periment and all tissue was within normal 
limits. 

Bile was analyzed for total bile acid con- 
centration in each sample by a modification 
of the 3 @-steroid dehydrogenase technique 
of Talalay (14). 

The bile acid pool of the pump dog was 
labeled with [14C]cholyltaurine 24 hr prior 
to the experiment on two occasions. By esti- 
mation of the specific activity of gallbadder 
bile acid from the pump dog and the bile 
acid secretion by the donor liver dog, we 
were able to show that the pump dog con- 
tributed less than 5% of the secreted bile. 
Therefore, we considered the bile acid se- 
creted after the first hour to be newly syn- 
thesized bile acid. 

The four possible combinations of re- 
sected and sham-operated dogs were tested: 
10 experiments were performed using two 
sham-operated dogs; 2 experiments with a 
sham-operated donor liver dog and an ileal- 
resected pump dog; 2 experiments with an 
ileal-resected donor liver dog, and a sham- 
operated pump dog; and 2 experiments in 
which both pump and donor liver dogs un- 
derwent ileal resection. 

The perfused liver was weighed at the end 
of the experiment and the rate of bile acid 
secretion is expressed as micromoles per kil- 
ogram of liver per minute to allow compari- 
son of livers of differing weights. 

Results. In the control experiments, the 
rate of bile acid secretion was quite steady 
by the end of the first hour of perfusion, but 

acid secretion was considerably elevated 
above base line whether the pump dog had 
an ileal resection (Fig. 3) or was sham-oper- 
ated (Fig. 4). In all studies, the rate of bile 
acid secretion beyond the first hour was con- 
sidered to be an estimate of the rate of bile 
acid synthesis, since in an animal with a 
gallbladder such as the dog, most of the bile 
acid pool is excluded when the liver is pre- 
pared for perfusion. 

Discussion. These experiments lend no 
support to the concept of a hormonal sub- 
stance controlling bile acid synthesis. Pre- 
vious work with this model has demon- 
strated a response to glucagon within 2 hr 
(12), and an isolated perfused rat liver has 
been shown to respond to cortisol growth 
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FIG. 1 .  Time course of bile acid synthesis (M * 
SE) in the in situ-perfused canine liver in 10 dogs. Both 
the donor and pump dog had undergone a sham ileal 
resection. 

42 - 

I0 - 

8 -  

6 -  

4 -  

2 -  

aslow decline occurred during the next 7 hr 
(Fig* '1. 
acid secretion was Seen when the liver from 

Hours 

the Same pattern Of FIG. 2. Time course of bile acid synthesis in the in 
situ-perfused canine liver of two dogs each of whom 

a sham-operated dog was perfused by the 
blood of an animal with an ileal resection 
(Fig. 2). However, if the donor liver dog 

had undergone a sham ileal resection; the pump dog 
had undergone ilia1 resection. Each curve represents a 
single study. 
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FIG. 3. Time course of bile acid synthesis in the in 
situ-perfused canine liver of two dogs each of whom 
had undergone ileal resection; the pump dog had also 
undergone ileal resection. Each curve represents a sin- 
gle study. 
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FIG. 4. Time course of bile acid synthesis in the in 
situ-perfused canine liver of two dogs, each of whom 
had undergone ileal resection; the pump dogs had a 
sham ileal resection. Each curve represents a single 
study. 

hormone and triiodothyronine within 2 hr 
(1 5 ) .  Thus, a response by the perfused liver 
in these experiments might have been ex- 
pected within 7 hr although the possibility of 
a substance of longer latent period has not 
been excluded. We think it unlikely that the 
failure to observe a response by the per- 
fused liver is attributable to loss of capacity 
for bile acid secretion, since we have shown 
previously that this preparation will secrete 
a physiological bile acid load (0.22 mmole/ 
hr) quantitatively even after 7 hr of perfu- 
sion (13). 

Other workers (16) have implied that it is 
more likely that it is the concentration of 

bile acids within the hepatocyte that deter- 
mines the rate of bile acid synthesis. Thus, 
bile acid synthesis falls during fasting (17) 
despite a decreased return of bile acids to 
the liver, perhaps because of increased con- 
centrations of bile acids in the liver cell in 
association with decreased bile acid secre- 
tion. 

Summary. Experiments were carried out 
using an in situ-perfused canine liver to test 
whether a hormone is responsible for the 
striking increase in bile acid synthesis occur- 
ring after interruption of the enterohepatic 
circulation by ileal resection. Large dogs 
with ileal resections or sham operations 
were used as pump dogs to perfuse the livers 
from small dogs with sham surgery or ileal 
resection. Bile acid synthesis during hours 
of observation was not influenced by the 
type of pump dog. Since most known hor- 
mones act rapidly on the isolated perfused 
liver, the experiments suggest that a hor- 
monal substance is not responsible for the 
striking increase in bile acid synthesis ob- 
served when the enterohepatic circulation is 
interruped by removal of the ileum. 

We acknowledge the skillful technical assistance of 
Susan B. Coffin and Lawrence L. Aarhus. Dr. R. G .  
Shorter reviewed the liver histology. 
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