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Abstract-We examined the hypersecretory function of the isolated, blood-perfused 
pancreas of dogs with experimentaly obstructive jaundice. There was no difference 
in basal pancreatic secretion between control dogs and obstructively jaundiced 
dogs. Secretin or pancreozymin-stimulated increase in total values for pancreatic 

juice flow, bicarbonate, protein and amylase were greater in dogs with obstructive 
jaundice than in control dogs; however, concentrations of bicarbonate, protein 
and amylase were unchanged in each group. Acetylcholine-stimulated increase in 
total values and concentrations of these factors were the same in dogs with 
obstructive jaundice and controls. These data suggest that hypersensitivity of 
the pancreas to secretin and pancreozymin may be one of the main mechanisms 
of pancreatic hypersecretion.

  Rich and Duff (1) proposed that heavy 
meals of excessive alcoholic intake might 
result in the secretion of large amounts of 

pancreatic juice followed by acute pancreati
tis. Dreiling et al. (2) demonstrated that some 

patients with liver diseases, particularly cir
rhosis, secreted large pancreatic volume in 
response to secretin stimulation. Other 
investigators (3-5) also reported pancreatic 
hypersecretory states in patients with hepatic 
disease. In this study, we showed pancreatic 
hypersecretion in dogs with experimentaly 
obstructive jaundice. 

  Several hypotheses for the possible mecha
nisms of pancreatic hypersecretion have 
been proposed; however, it is still open to 
discussion about what mechanism is 
responsible for the pancreatic hypersecretion. 
In these experiments, we isolated the pancreas 
to exclude the effects of neural and hormonal 
regulation on pancreatic exocrine secretion 
and examined the secretory function of the 

pancreas itself. Our data suggest hypersensi
tivity of the pancreas to hormones in dogs 
with obstructive jaundice.

      Materials and Methods 

Experimental obstructive jaundiced dogs:

Six mongrel dogs of either sex, weighing 
from 12 to 18 kg, were anesthetized with 
sodium pentobarbital (30 mg/kg, i.v.). The 
abdomen was opened by a midline incision, 
and the common bile duct was isolated and 
ligated completely. Then, 0.5 g of cefaloridine 
was administered intraperitoneally and the 
abdomen sutured. All procedures were 

performed under sterile conditions. After the 
operation, 200 ml of Ringer solution was 
injected intravenously and 0.2 g of cefalori
dine was administered intravenously 4 times 
a day over a period of 5 days. Prior to and at 
3 weeks after the operation, the serum of 
the dogs was examined. 

  Isolated, blood-perfused dog pancreas: 
Ten control mongrel dogs of either sex 
weighing 14.8±0.65 kg (mean±S.E.) and six 
dogs with obstructive jaundice weighing 
13.7±0.95 kg (mean±S.E.) were used at 3 
weeks after the operation. The animals were 
fasted for 24 hr and anesthetized with sodium 
pentobarbital (30 mg/kg, i.v.). A cuffed 
endotracheal tube was inserted, and animals 
were ventilated artificially with room air 
using a respiratory pump (Harvard Ap

paratus, South Natick, MA). The abdomen 
was opened by a midline incision. A poly



ethylene tube (1.5 mm diameter) was inserted 
into the main pancreatic duct for the collection 
of pancreatic juice. The accessory pancreatic 
duct was ligated. In the control dogs, the bile 
was drained-off through a tube inserted into 
the bile duct in order to exclude the effect of 
bile on pancreatic secretion. The pancreati
coduodenal artery was isolated. The gastric 
branches of the splenic artery were succes
sively ligated, leaving only pancreatic 
branches. Splencetomy was then performed. 
Vascular connections between the pancreas 
and the duodenum were then carefully ligated. 
An initial dose of heparin sodium (500 units/ 
kg) was given, and a maintenance dose of 
200 units/kg was given hourly. An arterial 
cannula was inserted into the pancreati
coduodenal artery and the pancreas perfused 
with arterial blood pumped from the left 
femoral artery. The inferior pancreaticoduo
denal artery was then ligated. The splenic 
artery was cannulated and the pancreas was 

perfused via this vessel with blood from the 
left femoral artery. Finally, the splenic artery 
was ligated at its point of the origin. These 
procedures allowed the whole pancreas to 
be perfused by the two arterial cannulae 
without interruption of the blood supply to 
the pancreas during the operation. Arterial 
blood from the left femoral artery was pumped 
into both cannulated arteries of the pancreas 
using a variable speed peristaltic pump 
(Harvard Apparatus, South Natik, MA). In 
all experiments, perfusion pressure was main
tained at 100 mmHg using a Starling pneu
matic resistance draining to the left femoral 
vein. One dose of secretin at 0.03-0.3 units/a 
dog, pancreozymin at 0.1-1 unit/a dog or 
acetylcholine at 10-100 ,ug/a dog was

injected in a volume of 10-30 ,al into the 
rubber tube connected to the arterial 
cannulae. The flow rate of pancreatic juice 
was monitored by a drop counter and 
measured by a graduated cylinder. 

  Analysis of pancreatic juice: Bicarbonate 
concentration of pancreatic juice was 
measured by a pH/blood gas analyzer 
(Corning Medical, Medifield, MA) im
mediately after the collection from the 

pancreatic duct. Protein concentration of 
pancreatic juice was measured by the method 
of Lowry et al. (6). Amylase concentration of 

pancreatic juice was measured by the method 
of Caraway (7) using the Amylase-test 
(Wako, Osaka, Japan). 

  Drugs: Drugs used in this study were 
secretin (1 tig=150 CHR units) (Eisai, 
Tokyo, Japan), pancreozymin (1 i g=1 50 
CHR units) (Boots, Nottingham, England) 
and acetylcholine chloride (Daiichi Seiyaku, 
Tokyo, Japan). They were dissolved in 0.9% 
wt./vol. saline solution just before the 
experiments. 
  Statistical treatment: All values shown in 
the Tables and the Figure represent the 
mean±S.E. Student's t-test for paired and 
unpaired comparison was used to determine 
significant differences (P<0.05).

Table 1. Effects of bile duct obstruction on serum values for total bilirubin and enzymes in 6 dogs

               Results 

  Experimental obstructive jaundice: Labora
tory investigations revealed high serum 
values for total bilirubin, glutamic oxaloacetic 
transaminase, glutamic pyruvic transaminase, 

r-glutamyl transpeptidase and alkaline phos
phatase, but normal value for amylase after 
the operation (Table 1). These data show 
that the experimental dogs had obstructive



jaundice 3 weeks after the operation. 
  Pancreatic flow response to secretagogues: 

Basal secretion of pancreatic juice in the 
control dogs and in the obstructively 
jaundiced dogs was 13±5 al/min and 14±4 
,al/min, respectively. The dose responses of 

pancreatic flow to secretin, pancreozymin and 
acetylcholine in the control and the jaundiced 
dogs are illustrated in Fig. 1. A bolus injection 
of secretin (0.03-0.3 units) or pancreozymin 

(0.1-1 unit) increased pancreatic flow on a 
dose-dependent basis, and the increments 
using 0.1 and 0.3 units of secretin or 0.3 and 
1 unit of pancreozymin were significantly 
higher in the jaundiced dogs than in the 
control population. Acetylcholine (10-100 

/cg) also increased pancreatic flow on a 
dose-dependent basis, but the increase in the 
jaundiced dogs did not differ from the values 
observed in the control dogs. 

  Pancreatic bicarbonate response to secre
tagogues: A comparison of bicarbonate 
output and bicarbonate concentrations in 

pancreatic juice induced by secretin, pancreo
zymin and acetylcholine are presented in 
Table 2. Bicarbonate concentrations in 
pancreatic juice caused by these agents 
showed no difference between the control 
and the jaundiced dogs. Bicarbonate output 
induced by secretin (0.1 and 0.3 units) or 
pancreozymin (0.3 and 1 unit) were sig

nificantly larger in the jaundiced dogs than 
in the controls. However, bicarbonate 
output by acetylcholine was the same in 
both jaundiced dogs and controls. 

  Pancreatic protein response to secre
tagogues: Protein outputs and protein con
centrations in pancreatic juice stimulated by 
secretin, pancreozymin and acetylcholine are 

presented in Table 3. There was no significant 
difference between the jaundiced dogs and 
the controls in protein concentrations in 

pancreatic juice induced by these secre
tagogues. By contrast, volume and con
sequently protein output to secretin (0.1 and 
0.3 units) or pancreozymin (0.3 and 1 unit) 
stimulation were significantly higher in the 

jaundiced dogs than in the control. Acetyl
choline-induced protein output showed no 
difference between the two groups.

Fig. 1. Flow response of isolated, blood-perfused pancreas to secretin, pancreozymin and acetylcholine 
in control dogs and in obstructive jaundiced dogs. Drugs were injected at a bolus into the rubber tube 
connected to the arterial cannulae. Units means C.H.R. Units. The flow rate of pancreatic juice was 
measured by a drop counter connected to the cannula inserted into the main pancreatic duct and collected 
from the beginning till the end of the secretory response to drugs. The columns are means±S.E. Sig
nificantly different from the values of control dogs, P<0.05.

  Pancreatic amylase response to secre
tagogues: The response of pancreatic amylase 
secretion to secretin, pancreozymin and 
acetylcholine stimulation followed the same 

pattern as that of protein secretion (Table 4). 
No significant difference between the 

jaundiced dogs and the control dogs was 
noted in amylase concentrations in 
pancreatic juice. Because of an increase in 
flow rate induced by secretin (0.1 and 0.3 
units) or pancreozymin (0.3 and 1 unit), 
total amylase output was increased in the



Table 2. Bicarbonate secretion of isolated, blood-perfused pancreas to secretin, pancreozymin and 
acetylcholine in control dogs and in obstructive jaundiced dogs

Table 3. Protein secretion of isolated, blood-perfused pancreas to secretin, pancreozymin and acetyl
choline in control dogs and in obstructive jaundiced dogs



jaundiced dogs when compared to the 
control dogs. Acetylcholine stimulation did 
not result in any increase in flow and hence 
no change in amylase output in the jaundiced 
dogs when compared to the control group.

Table 4. Amylase secretion of isolated, blood-perfused pancreas to secretin, pancreozymin and acetyl
choline in control dogs and in obstructive jaundiced dogs

             Discussion 

 Rich and Duff (1), Richman and Colp (12), 
Dreiling et al. (13), Sarles (14) and Renner 
et al. (15) postulated that pancreatic hyper
secretion played an important role in the 

pathogenesis of pancreatitis in patients with 
alcoholism. Gross et al. (3), Dreiling et al. (2) 
and Gregg and Sharma (5) reported that 

pancreatic hypersecretion occurred in patients 
with cirrhosis or hemochromatosis during 
secretin stimulation. In addition, Dyck (4) 
and Dreiling et al. (2) observed pancreatic 
hypersecretion in patients with Zollinger
Ellison syndrome in response to secretin 
stimulation. In the present study, we have 
shown pancreatic hypersecretion following 
stimulation with secretin or pancreozymin in 
dogs with experimentaly obstructive jaundice 

(Fig. 1 ). 
  With regard to the pattern of pancreatic

hypersecretion in response to secretagogues, 
Dreiling et al. (2) and Dyck (4) indicated an 
unusually high output of fluid and bicarbonate 
following exogenous stimulation with 
secretin. Sarles and Lavgier (16) demon
strated that the pure pancreatic juice 
collected by endoscopic cannulation in 
chronic alcoholic patients had a higher 

protein concentration in response to a meal. 
Our experimental data of the obstructively 
jaundiced dogs showed greater output of 
bicarbonate, protein and amylase in the case 
of secretin or parcreozymin stimulation, but 
no change in concentrations of these com
ponents (Tables 2-4). The difference between 
our data and the data of Sarles and Lavgier 

(16) may be due to the difference in the 
period of the treatment. Our experiments 
were performed after 3 weeks obstruction 
of the bile duct, but Sarles et al. examined the 
secretory response after one year of alcohol 
consumption. Long time treatment with 
alcohol might increase acinar cells or 
cholinergic tone, resulting in high protein 
concentration in the pancreatic juice. 

  Various hypotheses were presented to



explain the mechanism of pancreatic hyper
secretion. Dyck (4) suggested that release of 
endogenous secretin was thought to be 
responsible for the high level of basal 

pancreatic secretion in patients with 
Zollinger-Ellision syndrome and that 
functional hypertrophy of the exocrine 
pancreas explained the hypersecretion of fluid 
and bicarbonate following stimulation with 
exogenous secretin. Dreiling et al. (2) 

postulated that under suitable stimulation, 
the pancreatic ductular mass, e.g., secretory 
capacity of the pancreas, could be greatly 
augmented, presumably by hyperplasia and 
hypertrophy. Gregg and Sharma (5) indicated 
that impaired metabolism of secretin in the 
cirrhotic liver might be responsible for 

pancreatic hypersecretion. It is possible that 
increased release of endogenous secretin or 
a decrease in the metabolism of secretin may 
result in an increased level of serum secretin, 
which then produces pancreatic hyper
secretion both in the basal state and in the 
stimulated state. In our study, however, there 
was no difference in basal and acetylcholine
induced pancreatic secretion between dogs 
with obstructive jaundice and control dogs. 
Justus et al. (17) examined the half-life of 
secretin in four cirrhotic patients who had a 

pancreatic hypersecretory response to 
exogenous secretin, and they found that the 
mean serum half-life of secretin in these 

patients was not different from that in a group 
of healthy volunteers. Their data suggested 
that metabolism of secretin was normal in 
cirrhotic patients with parcreatic hyper
secretion. In our experiments, we used the 
isolated dog pancreas; therefore, the response 
of exocrine secretion showed the original 
secretory function of the pancreas without any 
neural and hormonal controls. We observed 

pancreatic hypersecretion to secretin and 
pancreozymin in dogs with obstructive 
jaundice when compared to the control 
animals. We suggest two possible expla
nations for the mechanism of pancreatic 
hypersecretion: one being hyperplasia or 
hypertrophy of the pancreas, the other 
invoking hypersensitivity of the pancreas to 
secretagogues. Because basal and acetyl
choline-induced pancreatic secretion in the 

jaundiced dogs did not differ from the values

in the control dogs, hypersensitivity of the 

pancreas to secretin and pancreozymin ap
pears to be one of the mechanisms of 
pancreatic hypersecretion observed in our 
dogs with experimentaly obstructive jaundice.
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