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[Background] It has been well known that islet hormones reach the exocrine pancreas via an islet-acinar por-
tal system. We previously reported that endogenous insulin potentiated amylase secretion stimulated by exoge-
nous and endogenous cholecystokinin (CCK) in rats. The aim of the present study was to investigate the role of
endogenous insulin on secretion of bicarbonate as well as amylase in rats. [Methods] The pure pancreatic juice
was collected by cannulation of the pancreatic duct in anesthetized rats. Pancreatic exocrine secretion was
stimulated by intraduodenal infusion of oleic acid with or without intravenous infusion of glucose. After 1 hour
basal period, pancreatic juice was collected for 1 hour and the pancreatic juice volume, bicarbonate and amylase
output were measured as pancreatic exocrine secretion. Serum insulin and glucose levels were also measured.
[Results] Intraduodenal administration of oleic acid without glucose infusion significantly increased juice volume,
bicarbonate and amylase output, comparing to the control. Intravenous infusion of glucose resulted in dose-
dependent increase of oleic acid-stimulated juice volume, bicarbonate and amylase output as well as serum insu-
lin levels. [Conclusion] Endogenous insulin potentiated not only amylase but also bicarbonate secretion induced

by oleic acid in rats. Therefore, insulin physiologically regulates the duct and acinar cell functions of exocrine

pancreas.
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Introduction
It has been well known that exocrine pancreas
receives a large part of blood draining the islet, and
thus islet hormones reach the exocrine pancreas in
high concentrations through islet-acinar portal sys-

1)~3.

tem"” ™. Insulin deficiency impairs pancreatic exo-

crine function in patients with type I diabetes melli-

%9 and insulin-deficient diabetic animal mod-

tus
els”™®. Insulin therapy and anti-diabetic agents such
as thiazolidine derivatives recover the impairment
of exocrine function in diabetic patients and animal
models” ™. Thus, insulin is thought to be an impor-
tant hormone to regulate pancreatic exocrine func-
tion. We have previously reported that cholecystok-
inin (CCK)-stimulated amylase secretion is potenti-
ated by glucose-induced endogenous insulin.
Many investigators have focused on the role of insu-

lin on acinar cell function, however, little is known

whether bicarbonate secretion as duct cell function

is affected by endogenous insulin. Lee et al®™"

re-
ported that pancreatic exocrine secretion stimu-
lated by physiological doses of CCK and secretin
was augmented by exogenous insulin infusion.

The aim of the present study was to evaluate the
effect of endogenous insulin on duct and acinar cell
function evoked by endogenous release of secretin
and CCK induced by intraduodenal administration
of oleic acid™.

Materials and Methods

Animal preparation

Male Wistar rats, weighing 250-300 g, were used
in this study. The Committee on Use and Care of
Animals at the Tokyo Women’s Medical University
approved all studies. The rats were fasted for at
least 18 hours with free access to water, and then
anesthetized with urethane (50% w/v, 0.5 m1/100 g
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body weight i.m.) 1 hour before surgery. After plac-
ing a midline abdominal incision, the pylorus was
ligated to prevent gastric juice from entering into
the duodenum, and the common bile duct was
ligated proximal to the pancreas below the hilum of
the liver. A polyethylene tube (OD 0.9 mm, ID 05
mm; Natsume Seisakujo, Tokyo, Japan) was in-
serted into the bile duct above the ligature, and bile
was diverted into the duodenum throughout the ex-
periment. An identical polyethylene tube was in-
serted into the pancreatic duct at its entrance into
the duodenum. A polyethylene cannula (OD 3.4 mm,
ID 2.5 mm) was advanced from the stomach into the
duodenum via the pylorus for intraduodenal admini-
stration of oleic acid. The jugular vein was cannu-
lated with a polyethylene tube (OD 0.8 mm, ID 0.5
mm) for intravenously infusion of glucose, and 0.15
M NaCl solution was infused intravenously at the
rate of 1 ml/h with an infusion pump. The rats were
kept warm at a constant temperature of 38C by
heating pads under the body.

Experimental design

Experiment 1: Effect of intraduodenal infusion of
oleic acid on pancreatic secretion
- Sixteen rats prepared by the surgical procedure
described above were used in this study. A 0.1 M
oleic acid (Nakarai Tesque Inc., Tokyo, Japan) sus-
pension was prepared in 0.15 M NaCl solution and
emulsified by Tween 80 (KANTO Chemical 10.
INC., Tokyo, Japan), and adjusted to a final pH of 6.5
with 1 M NaOH. The suspended oleic acid solution
was administrated intraduodenally at the rate of 1
ml/h with an infusion pump for 1 hour in nine rats.
In control experiments, Tween 30 suspension ad-
justed to same concentration with 0.15 M NaCl solu-
tion was infused intraduodenally instead of oleic
acid in seven rats.

Experiment 2: Effect of intravenous infusion of
glucose on pancreatic secretion stimulated by in-
traduodenal infusion of oleic acid

Thirty seven rats prepared by the same surgical
procedure were used. Glucose (0.25 and 0.5 g/kg/h)
was infused intravenously for 2 hours starting at
the beginning of basal period. After 1 hour basal pe-
riod, oleic acid solution was infused intraduodenally

at the rate of 1 ml/h for 1 hour. In control experi-
ments, 0.15 M NaCl solution was infused intrave-
nously instead of glucose. Rats were randomly di-
vided into three groups of 14 each in two different
dose of glucose (0.25 and 0.5 g/kg/h) and 9 in con-
trol.

Blood sample were collected from the tail vein
every hour for measurement of glucose. At the end
of the experiment, blood was collected from the
aorta to determine insulin concentration and centri-
fuged at 4C, 3,000 rpm for 30 min, and then stored
at —20C for future radioimmunoassay of insulin.

Determinations

Pancreatic juice was collected continuously by
connecting the pancreatic duct cannula to glass mi-
cropipettes having a capacity of 069 ul/mm tube
length (Drummond Scientific Company, Broomall,
PA., USA). Volume was determined every hour by
measuring the length of the columns of pancreatic
juice in the micropipette. After measuring the vol-
ume of pancreatic juice, the bicarbonate and amy-
lase concentrations were determined. Bicarbonate
concentration of pancreatic juice was determined
immediately on the same testing day using a Corn-
ing 96, carbon dioxide analyzer (Corning, Essex,
UK). The amylase concentration of pancreatic juice
was determined by a chromogenic method using
blue starch polymer (Pharmacia Diagnostics,
Uppsala, Sweden). The 1 hour outputs of bicarbon-
ate and amylase were calculated by multiplying the
concentration of each component by the volume of
pancreatic juice. The concentration of serum insulin
was determined with an insulin radioimmunoassay
kit INCSTAR Corporation, Stillwater, Minn., USA),
and the concentration of blood glucose was meas-
ured immediately by using hexokinase.

Statistical Analysis

All values are expressed as means = standard er-
ror (SE). Unpaired Student’s t-test or analysis of
variance (analyzed by Stat View, SAS Institute Inc.
U.S.A.) were used to evaluate the statistical signifi-
cance of differences between the control and ex-
perimental groups. A probability value of p<0.05
was considered statistically significant.
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Fig. 1 Effect of intraduodenal administration of oleic acid on pancreatic juice volume, bicar-

bonate, and amylase output

Bars represents means + SE. Intraduodenal administration of oleic acid (1) significantly
increased pancreatic juice volume, bicarbonate output and amylase output, comparing to

the control ( ) (* p < 0.001).

Table Serum insulin and glucose levels in response to intravenous infu-
sion of glucose (0.25 and 0.5 g/kg/h)

Glucose (mg/dl) Insulin (ng/ml)
1hr 2 hrs 2 hrs
Control (Saline) 199.0+86 2316+12.1 496+069
Glucose
0.25 g/kg/h 260.6 +28.2 3455+104 ** 6.95+ 050 *
05 g/kg/h 3422221 **# 482790 ¥ *### 970048 **##

*p <005, ** p < 0,001 vs control.

#p <005 ##p <0005 #*##p < 0001 vs 025 g/kg/h.

Results

Intraduodenal administration of oleic acid signifi-
cantly increased pancreatic juice volume (115995
ul/h), bicarbonate output (6.1 = 0.7 uEq/h) and amy-
lase output (2075.6 = 134.1 TU/h), comparing to the
control (33.3+3.3 ul/h, 1.1 £0.2 uEq/h, and 5746 *
159.1 IU/h, respectively) (p<0.001) (Fig. 1).

Serum insulin and glucose levels were dose-
dependently increased in response to intravenous
infusion of glucose (0.25 and 0.5 g/kg/h) (Table). In-
travenous infusion of glucose in a dose of 0.25 g/kg/
h failed to potentiate pancreatic secretion stimu-
lated by oleic acid. Intravenous infusion of glucose
in a dose of 0.5 g/kg/h resulted in a further increase
in oleic-acid stimulated pancreatic juice volume
(161.3 = 10.6 ul/h), bicarbonate output (8.5 0.6 uEq/

h) and amylase output (3,150.0 = 287.1 IU/h) (p<0.05
vs each base-line) (Fig. 2).
Discussion

In the present study, intravenous infusion of glu-
cose significantly augmented both bicarbonate and
enzyme secretion in response to intraduodenal infu-
sion of oleic acid. Since serum concentration of insu-
lin was dose-dependently increased by intravenous
infusion of glucose, endogenous insulin may play a
role on potentiation of pancreatic exocrine secretion
stimulated by oleic acid. Intraduodenal administra-
tion of oleic acid is already known to stimulate both
secretin and CCK release in rats, suggesting that
secretin-stimulated bicarbonate secretion as well as
CCK-stimulated enzyme secretion is augmented by
endogenous insulin release. Since a small amount of
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Fig. 2 Correlation between serum glucose or insulin levels and doses of intravenous infu-
sion of glucose
Bars represents means = SE. Control ((___]), glucose in a dose of 0.25 g/kg/h
cose in a dose of 0.5 g/kg/h (B ), (* p < 0.05, ** p < 0.01).
Intravenous infusion of glucose in a dose of 0.25 g/kg/h failed to potentiate pancreatic se-
cretion stimulated by oleic acid. Intravenous infusion of glucose in a dose of 0.5 g/kg/h re-
sulted in a significant increase in oleic-acid stimulated pancreatic juice volume (p < 0.01 vs

), glu-

base-line), bicarbonate output and amylase output (p < 0.05 vs base-line).

insulin release did not affect oleic acid-induced pan-
creatic secretion, this proves that the process de-
pends on insulin concentration.

We have previously reported that endogenous re-
lease of insulin potentiated pancreatic enzyme se-
cretion stimulated by exogenous CCK or intraduo-
denal infusion of casein that is known to be a potent
CCK secretagogue. Lee et al” reported that in con-
scious rats immunoneutralization of circulating in-
sulin with the anti-insulin serum resulted in a com-
plete suppression of postprandial pancreatic exo-
crine secretion. Furthermore, the anti-insulin serum
completely blocked the secretin- and CCK-induced
pancreatic secretion, indicating that the physiologi-
cal doses of secretin and CCK can exert their action
on the exocrine pancreas only in the presence of cir-
culating insulin. In totally isolated perfused pan-
creas of rats and dogs, immunoneutralization of cir-
culating insulin paradoxically increased somatosta-
tin and pancreatic polypeptide (PP) in portal efflu-
ent”. Addition of anti-somatostatin and anti-PP se-
rum reversed the bicarbonate and amylase secre-
tion suppressed by anti-insulin serum. Other group

also reported that exogenous somatostatin inhibited
the interaction of endogenous insulin and CCK™.
These results suggest that a local action of insulin
plays an important role on the stimulatory action of
secretin and CCK on bicarbonate and enzyme se-
cretion, and a part of its action is mediated by the
supression of endogenous somatostatin and PP that
are known to inhibit the pancreatic exocrine secre-
tion. Although we could not measure the somatosta-
tin and PP concentration in the portal vein, it is
speculated that the stimulatory effect of endoge-
nous insulin on oleic acid-stimulated pancreatic exo-
crine secretion may be mediated by the inhibition of
local release of somatostatin and PP.

Endogenous release of insulin can reach acinar
and ductal cells of the pancreas through the insulo-
acinar portal system and interstitium, therefore, in-
sulin seems to have a direct action on the exocrine
pancreas. It has been reported that insulin en-
hances the acinar cell protein, RNA, and DNA syn-

¥~ upregulates amylase gene expression®,

thesis
and downregulates its own receptors”. Further-

more, insulin stimulates pancreatic exocrine secre-
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tion mediated by increasing Na®, K'-ATPase activ-

20)

ity™. Although it is unclear whether insulin directly

enhances bicarbonate secretion on ductal cells, it
may be possible that insulin stimulates oleic acid-
stimulated bicarbonate secretion on duct cells as
well as acinar cells.

In conclusion, endogenous insulin has a potenti-
ated action on pancreatic bicarbonate and amylase
secretion stimulated by intraduodenal administra-
tion of oleic acid, and insuloacinar axis plays an im-
portant role in the regulation of pancreatic secre-
tion in response to ingestion of a meal.
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() BBV E V13, islet-acinar portal system 24 L CEATWBRICHER T 5 2 B 5N T 5. DTk 4
&, 7y MBI HANEYE - AFEEI L VA M= (CCK) MBI & 2 BEAL WAt ARMEA Y2 vtk o
THRTHZE2HEL. 22 THE, 5y MIBITLRERBSWTTLHEEA 2D YORREITON
THRET L 72,

(R EFHE) REETOT v b CHBBERZHREL, +238BICH VA Y8 (pH65, 0.1mmol) &, xtEE LT
AFAIRK, Tween80 % 1 Kbk 5 L7z, T/, SEFRAICZ Va2 —2 025 05g/kg/h, WHBE LCEE
BHKEZOFA®ES Lz, BEOBE, ERBRIEE 73 5—-YiEE BIC/VI—XAWMEOMNE SR
THROMH A v 2) VREZHE L.

KR LA YBo+ZHENZRSICE ), BEEW/h), ERBSWE UEL), 739 —¥5E JU/M)
FWTNOXFREICHAERICHEM U2, b - A v 2 VR, FVva—-2B/HICE), AEEAEBL
TERALZ FVa—ZBAFMRTHII VA VEBHBTOBRE, ERBOWE, 7I7—¥YHWEOWThE Y
Va— ZAOQHBEAFEICHML, 4 LA VBEHRESEICHRI V-2 05 g/kg/h BSBTVWTRLEEILS
WIS A58 S 7z,

(FiiE) BAET FYRRFINENEA VAU VICX ), FBOENENLTE LA, YBOBEARSIC X 5K
W ERE - 7TI7-ELWEBLARICHB L. RS V2 ik, BEMBEOALSTEERIIHLTY
TWIEEBIREZRT 2 &2 5, islet-acinar portal system 2B 54 Y A Y VS, B BATICEETH S
tEzoh3,
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