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= ABSTRACT=

Generally, it has been known that cholecystokinin (CCK) release into the plasma is under cholinergic
control, but secretin release is not. Thus in anesthetized dogs we studied the effect of atropine (50 ug/kg
followed by 50 g/kg/hr) on pancreatic secretion and plasma concentrations of bioactive CCK and
immunoreactive secretin in response to intraduodenal perfusion of sodium oleate (1, 3 and 9 mmol/hr).
The volume, protein output and bicarbonate output of the secretion were increased by sodium oleate and
this oleate-induced secretion was decreased significantly by atropine administration. However the in-
creased plasma CCK and secretin levels by sodium oleate were not changed by atropine. These results
indicate that atropine suppressed sodium oleate-induced pancreatic secretion through inhibiting cholin-
ergic mechanism directly rather than decreasing the release of pancreatic secretory hormones. In anoth-
er set of experiments, bilateral cervical vagi were stimulated electrically to observe the changes of pan-
creatic secretion and the above two plasma hormone levels in the presence or absence of atropine. In
the vagally stimulated dogs, the volumé, protein output and bicarbonate ouput of the pancreatic secre-
tion were increased significantly. Both plasma secretin and CCK were concomitantly released signifi-
cantly by vagal stimulation. Atropine significantly depressed the pancreatic secretory response as well
as the release of these two pancreatic secretory hormones. Therefore, we conclude that in the presence
of atropine the depressed pancreatic response to vagal stimulation is at least, in part, due to decreased
release of endogenous CCK and secretin. In the vagally stimulated animals, however, the involvement of
direct cholinergic influence on pancreatic exocrine gland remains to be answered.
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INTRODUCTION

Administration of atropine decreases pan-
creatic secretory response to intestinal stimu-

Received Mar 21, 1991; Accepted May 19, 1991.

This paper was supported by NON DIRECTED
RESEARCH FUND, Korea Research Foundation,
1989 and in part by the Research Fund of the Catho-
lic Medical Center, Seoul, Korea.

27

lants (Chey et al, 1979; Vazquez-Echarri et al,
1986; Jo et al, 1987) as well as to vagal stimu-
lation (Kim et al, 1989) in dogs. The inhibito-
ry mechanism of atropine on pancreatic exo-
crine secretion is uncertain. The atropine ef-
fect could be interpreted as either due to an
impaired release of pancreatic secretory hor-
mones such as CCK (Kim et al, 1989) and se-
cretin, or to an interruption of an cholinergic
influence on the pancreas (Jo et al, 1987).
Plasma CCK response to atropine administra-
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tion seems to vary depending on the pancreat-
ic secretory stimulants in dogs. For instance,
in the vagally stimulated dog, the increased
plasma CCK level was suppressed by atropine
(Kim et al, 1989), however, intraduodenal fat-
induced CCK release was not (Jo et al, 1987).
On the other hands, in man, the CCK
response to intestina! fatycould be inhibited
(Maton et al, 1984) or not (Valenzuela et al,
1983; Brugge et al, 1987) by systemic atro-
pinization. One likely explanation for these
conflicting findings may be attributable to the
limited sensitivity of CCK radioimmunoassay
{(Walsh, 1987). The recent availability of sen-
sitive bioassay for CCK (Liddle et al, 1984)
has allowed us to address the role of the cho-
linergic nervous system in the control of CCK
release. In contrast, the release of secretin has
been reported not to be altered by atropine in
dogs (Lee et al, 1978; Guzman et al, 1979).

The aims of the present study were (1) to
ascertain whether the release of CCK by intes-
tinal fat is indeed independent of cholinergic
control, (2) to confirm that release of CCK by
electrical vagal stimulation is dependent on
cholinergic control, and (3) to verify the par-
ticipation of plasma secretin in these pancre-
atic secretory processes. For these purposes,
in anesthetized dogs we measured pancreatic
exocrine secretions in response to intraduo-
denal perfusion of sodium oleate or to electri-
cal vagal stimulation in the presence or
absence of atropine. The changes of plasma
CCK and secretin concentration were also
measured by bioassay and radioimmuno-
assay, respectively.

METHODS

Animal preparation

Twelve mongrel dogs of both sexes, weigh-
ing 10~19kg, were fasted for 20 hr except
allowing free access to water. The dogs were
anesthetized with a-chloralose (100 mg/kg) via
cephalic vein and supplemental doses (30 mg/
kg) were administered as needed. The animals

were then intubated and ventilated mechani-
cally with supplemental oxygen. A rubber tube
was inserted into stomach to drain the gastric
secretion during the experiment. Through the
midline abdominal incision, a cannula was in-
serted into the proximal part of the common
bile duct and the distal part was ligated. The
main and accessory pancreatic ducts were ex-
posed meticulously with minimum tissue
damage. The main pancreatic duct was ligated
at the portion of duodenal opening, and the
accessory pancreatic duct was cannulated to
collect pancreatic juice. For the infusion of so-
dium oleate into the duodenum, a rubber can-
nula was inserted into the duodenum through
the anterior wall of the stomach. Then the py-
lorus was ligated lightly with an umbilical
tape to prevent back leakage of the perfusate
into the stomach. To drain the perfusate from
the duodenum, another rubber tube was in-
serted into the distal duodenum at the level of
the Treitz’ ligament. These tubes were exterio-
rized with the free ends of the bile and pan-
creatic cannulas through the abdominal in-
cision. An intravenous catheter filled with
0.15 M saline solution was cannulated into the
portal vein via the splanchnic vein. Two
additional intravenous catheters were inserted
into both femoral veins for dripping Har-
tmann solution and for infusing atropine,
respectively. For electrical vagal stimulation,
both cervical vagus nerves were exposed care-
fully through the midline incision on the ante-
rior surface of the neck. Bipolar stimulating
electrodes were placed on each vagus nerve
isolated by parafilm from the surrounding tis-
sue. The electrodes were connected to a stimu-
lator (S88, Grass Instrument Co., MA, U.S,
A.). One hour was allowed to stabilize the ani-
mal’s condition.

Experimental procedure

In the dogs which were studied on the ef-
fects of intraduodenal sodium oleate, 0.15M
saline was initially infused into the duodenum
through the tube placed in the proximal duo-
denum at a rate of 2.2ml/min, for 30 min
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using a infusion pump (Model 975, Harvard
Apparatus, MA, U.S.A)). This was followed
by the infusion of sodium oleate at loads of 1,
3 and 9mmol/hr sequentially every 30 min.
Sodium oleate solution was prepared by emul-
sifying sodium oleate with water and was
adjusted to an osmolarity of 300 mOsm with
NaCl. Pancreatic secretion was collected con-
tinuously in 30 min samples, and portal blood
(15 ml) was sampled at the end of each collec-
tion period. After another 1hr of stabilizing
period, the identical experiments were repeat-
ed on the same animal after atropine sulfate.
Atropine sulfate was administered into the
femoral vein at a bolus dose of 50 xg/kg with
the starting of sodium oleate perfusion and
thereafter continuous infusion (50 ug/kg/hr)
was followed.

In the dogs which were studied on the cho-
linergic vagal effects, both vagus nerves were
stimulated electrically for 10 min with a pa-
rameter of 3 V, 8Hz and 1ms. Electrical
vagal stimulation was applied after 30-min
basal collection of pancreatc secretion. Blood
was sampled from portal vein at 0,5,10,15
and 20min after the electrical stimulation
began. Pancreatic juice was collected for
30 min including the electrical vagal stimula-
tory period. Following an additional 1-hr sta-
bilization, identical procedures were carried
out with the same dose of atropine sulfate as
described above. Atropine infusion started
with the beginning of electrical vagal stimula-
tion.

Pancreatic juice was collected in preweighed
microcentrfugetube (1.5ml) and the volume
was estimated by weighing the samples taking
a density of pancreatic juice as 1.0. Protein
concentration in pancreatic juice was deter-
mined by measuring the absorbance at
280nm in a spectrophotometer. with bovine
serum albumin as a standard (Chariot et al,
1990). Bicarbonate concentration was mea-
sured by the Van Slyke volumetric method
(Hotz et al, 1975). Blood sampled in chilled
heparinized glass tubes was centrifuged
(1500¢g, 15 min) at 4°C to obtain plasma. The

plasma was stored at -20°C for further bioas-
say of CCK and radioimmunoassay of secre-
tin.

Hormone assay

Plasma (4ml) was assayed for CCK bio-
activity as described previously (Liddle et al,
1984: Rhie & Kim, 1991). Briefly, isolated rat
pancreatic acini (Williams et al, 1978; Kim &
Kim, 1989) were incubated with either known
concentrations of CCK-octapeptide (CCK-8)
or CCK extracted from plasma. The extrac-
tion of CCK was performed by adsorption of
plasma onto a Sep-Pak C18 cartridge (Waters
Associates, MA, U.S.A.). The solution for
eluting CCK was 1mi of ethanol and 1%
trifluoroacetic acid (4 : 1, vol./vol.). The sam-
ple was then evaporated crudely under flow of
nitrogen in vacuum evaporator (Vortex-Evap-
orator, Buchler Instruments Ind., NJ, U.S.A.)
and was lyophilized. A standard curve for
amylase released as a function of CCK-8 con-
centration was constructed to determine the
activity of CCK in the plasma extract. The
activity of amylase was measured with com-
mercial kit (Amylase, Wako Pure Chemical
Ind., Osaka, Japan). The activity of plasma
CCK was expressed as CCK-8 equivalents.
Plasma concentration of secretin was deter-
mined by radioimmunoassay described previ-
ously (Chang & Chey, 1980).

Statistical analysis

All the results were expressed as the mean
=+ SE. One-way analysis of variance was used
for evaluating pancreatic secretory response to
9 mmol/hr of sodium oleate and vagal stimu-
latory response and was followed by compari-
son with the Newman-Keuls multiple range
test. Repeated measures analysis of variance
were adopted for pancreatic dose-response ef-
fect of sodium oleate and hormonal changes
in response to sodium oleate perfusion or elec-
trical vagal stimulation. P values less than
0.05 were considered statistically significant.
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RESULTS

Effects of intraduodenal sodium oleate on pan-
creatic exocrine secretion and on plasma CCK
and secretin levels

Intraduodenal perfusion of sodium oleate
caused dose-dependent increases in pancreatic
juice flow, protein output and bicarbonate
output (Fig. 1). The increases in bioactive
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CCK and secretin level of the plasma ob-
tained from the portal vein occurred concomi-
tantly (Table 1). The release of pancreatic se-
cretory hormones in response to intraduo-
denal sodium oleate was not altered by atro-
pine administration (Table 1), whereas three
parameters of pancreatic secretion were signi-
ficantly decreased (Fig. 2).
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Fig. 1. The pancreatic exocrine secretion in response to 3 doses of sodium oleate perfused sequentially through

duodenum in six anesthetized dogs (meanxSE). One, three and nine mmol/hr of sodium oleate were
perfused for 30 min, respectively. The pancreatic secretion in volume, protein output and bicarbonate
output were stimulated with sodium oleate dose-dependently (P<0.05, P<0.01 and P<0.05
respecitvely). Star represents significant difference from basal value (0 mmol/hr of sodium oleate).

*: P<0.05 * % P<0.0!

Table 1. Effect of intraduodenal perfusion of sodium oleate on plasma bioactivity of cholecystokinin (CCK)

and concentration of secretin. Atropine (50 zg/kg followed by 50 1g/kg/hr) did not affect the changes
of these hormonal levels. Data were expressed with mean * SE.

Sodium oleate

CCK (CCK-8 equivalents, pM) Secretin (pM)

(mmol/hr) Atropine (<) Atropine (+) Atropine (<) Atropine (+)
0 0.92£0.07 0.96+0.08 1.801+0.12 1.67+0.12
1 1.01x0.15 0.97£0.09 1.911£0.12 1.83%0.15
3 1.09%0.11 1.07£0.10 2.05%x0.09 2.11%£0.17*
9 1.41+0.10* 1.43+0.14* 2.40%£0.14* 2.35%+0.18*

*: vs. 0 mmol/hr. P<0.05
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Fig. 2. Effect of sodium oleate (O) on pancreatic exocrine secretion in six anesthetized dogs. Atropine sulfate
given intravenously (50 ug/kg followed by 50 ug/kg/hr) significantly inhibited pancreatic secretion in-
duced by 30-min intraduodenal perfusion of sodium oleate at a dose of 9 mmol/hr (A0) (volume: P<
0.05; protien ouput: P<0.01; bicarbonate ouput: P<0.05). The basal pancreatic secretion (B) was
collected for 30 min during which the duodenum was perfused with 0.15 M NaCl solution. Star repre-
sents significant difference from basal value (0 mmol/hr of sodium oleate).
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Fig. 3. Effect of 10-min electrical vagal stimulation (V) on 30-min pancreatic exocrine secretion in six anes-

Effects of the electrical vagal stimulation on
pancreatic exocrine secretion and on plasma
CCK and secretin levels

thetized dogs. The electrical stimulation of both bagi increased pancreatic secretion in volume, protien
output and bicarbonate output (P<0.01, P<0.01 and P<0.05, respectively). Atropine (50 ug/kg fol-
lowed by 50 ugrkg/hr) inhibited the vagally stimulated pancreatic secretion in volume, protein output
and bicarbonate output (AV) (P<0.01, P<0.01 and P<0.05, respectively). The basal pancreatic se-
cretion (B) was collected for 30 min before the electrical stimulation of both vagi. Star represents sig-
nificant difference from basal value. *.: P<0.05 * % P<0.01

both vagus nerves increased pancreatic vol-
ume, protein output and bicarbonate output
from the basal values. The amounts of pancre-
atic secretion induced by vagal stimulation

As shown in Fig. 3, electrical stimulation of were larger than those induced by intraduo-
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Fig. 4. Time courses of changes in portal plasma
concentrations of bioactive cholecystokinin
(upper) and immunoreactive secretin
(lower) in response to 10-min electrical
vagal stimulation (EVS). The vagal stimu-
lation increased significantly both plasma
cholecystokinin bioactivity (P<0.01) and
secretin concentration (P<0.01) (0-0).
When atropine was given intravenously, the
increased release of two hormones was not
notified (®-®). Star represents significant
difference from 0 min. *.: P<0.05

denal sodium oleate (9 mmol/hr). Atropine
administration totally abolished the increases
of pancreatic volume, protein output and bi-
carbonate outpui, which were not different
from the basal values. Plasma levels of CCK
sampled from the portal vein were significant-
ly elevated from a basal value of 0.99 *+
0.16pM to a peak value of 3.51%=0.54pM
10 min after electrical stimulation of both
vagus nerves (Fig. 4). The plasma concentra-
tion of secretin was also increased from a
basal value of 1.84+0.20pM to a peak value
of 2.17+0.13 pM. These increases were inhib-

ited significantly by systemic administration
of atropine.

DISCUSSION

The involvement of cholinergic and hormo-
nal mechanisms in pancreatic response to
intraduodenal fat perfusion was studied in an-
esthetized dogs. In the present study we have
confirmed previous observations (Faichney et
al, 1981; Watanabe et al, 1986; Jo et al, 1987,
Watanabe et al, 1988) that intraduodenal fat
stimulates pancreatic exocrine secretion. The
increased pancreatic secretion in response to
intestinal fat was known to be associated with
increased release of two major pancreatic hor-
mones, secretin and CCK. It has long been ar-
gued about neural control of pancreatic hor-
mone release during intestinal phase of pan-
creatic secretion (Konturek et al, 1974; Guz-
man et al, 1979; Niebel et al, 1983; Jo et al,
1987). The results of our study clearly show
that there is no cholinergic facilitation of re-
leasing above two hormones during intestinal
phase. These findings are in agreement with
the observations of Niebel et al (1983) and Jo
et al (1987). The finding that atropine did not
alter release of pancreatic hormones in
response to intestinal fat implies that the pos-
sible mechanisms by which atropine inhibits
the pancreatic secretory response may be di-
rect inhibition of cholinergic influence of the
exocrine pancreas. Solomon and Grossman
(1979) also hypothesized already that the re-
lease of humoral pancreatic excitants, presum-
ably secretin and CCK in response to intesti-
nal stimulants was neither mediated nor mod-
ulated by vagal cholinergic mechanism.

The neural components contributing to the
basal cholinergic activity of the pancreas are
considered to be present in the vagus, splanch-
nic nerves and intrinsic cholinergic nerves in
intact dog (Singer et al, 1986; Hiichtebrock et
al, 1991). With our results, it is difficult to
elucidate which one is blocked by atropine
among the above nervous system. Based on
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the study of Singer et al (1986), intrinsic cho-
linergic nervous system might be one of the
neural components blocked by atropine. In
their study, the pancreatic bicarbonate secre-
tion induced by secretin was significantly in-
hibited by atropine even after total extrinsic
denervation of the pancreas by truncal vagoto-
my, and celiac and superior mesenteric gan-
glionectomy. Another plausible action of atro-
pine on nervous system of the pancreas is in-
terrupting vagal cholinergic enteropancreatic
reflex initiated by intestinal stimulants.
Although the existence of such a local en-
teropancreatic reflex has been suggested and
demonstrated functionally during the past
years (Modlin et al, 1979; Singer et al, 1980),
the neural pathway of the reflex needs to be
confirmed with anatomic study. Because the
splanchnic nerves are generally inhibitory for
pancreatic exocrine secretion (Holst, 1986),
the inhibition of pancreatic secretion by atro-
pine may result from the blocking actions of
either intrinsic cholinergic nervous system,
vagus nerve or both.

In a subsequent study, humoral contribu-
tion to vagally stimulated pancreatic secretion
was studied. Electrical vagal stimulation elicit-
ed a significant increase in volume, bicarbon-
ate and protein secretion, although the effect
of electrical vagal stimulation of pancreatic
exocrine secretion has been known to be
smaller in dogs than in other species such as
pigs (Hickson, 1970)., Furthermore, bioactive
CCK activity in portal blood was also in-
creased concomitantly. This observation is in
agreement with the recent finding of Kim et
al (1989) that CCK: in plasma, measured by
both radioimmunoassay and bioassay, was in-
creased by vagal stimulation in dogs. The in-
teresting finding of the present study is that
secretin was also released significantly into
the plasma by electrical vagal stimulation.
This result is in conflict with others (Lee et al,
1978). The discrepancy cannot be explained
now. Since Konturek et al (1974) found that
vagotomy in dogs reduced the pancreatic se-
cretory response to intraduodenal acidifica-

tion but not to exogenous secretin, it is as-
sumed that vagal innervation plays a permis-
sive role in the release of secretin. The failure
of other study in anesthetized dogs (Guzman
et al, 1979) to demonstrate an increase in
plasma CCK levels by vagal stimulation was
probably due to the relative insensitivity of
earlier CCK radioimmunoassay system. Fur-
thermore, they infused very large amount of
secretin (0.25 CU/kg/hr) as background to
maintain continuous flow of pancreatic secre-
tion, therefore the small increase in plasma se-
cretin level might be impossible to be detect-
ed. The present finding that vagal stimula-
tion-induced CCK and secretin release was
abolished by atropinization indicates that the
release of these hormones is under cholinergic
influence. Thus, it is concluded that the re-
leasing mechanism of endogenous CCK and
secretin might not be sole, but at least two,
one is atropine-resistant and another atropine-
sensitive. At present, the origin of these pan-
creatic hormones released by vagal stimula-
tion is obscure, whereas the endogenous CCK
and secretin released in response to various
luminal stimulants are confined to the foregut
in dogs (Konturek et al, 1986a, 1986b). It is
also unknown whether CCK and secretin re-
leased by electrical vagal stimulation are
responsible for the increased pancreatic secre-
tion. According to Kim et al (1989), CCK re-
ceptor antagonist given intravenously marked-
ly suppressed pancreatic secretion resulting
from vagal stimulation. Therefore CCK re-
leased by vagal stimulation appears to be
active in stimulating exocrine pancreas. How-
ever, the role of plasma secretin released by
vagal stimulation remains to be verified.
These findings do not exclude the feasibility
of a direct inhibitory action of atropine on
pancreatic tissue in vagally stimulated dogs.
Despite of the fact that the cholinergic nerves
are essential in pancreatic exocrine secretion,
to what extent cholinergic neural component
participates during intestinal phase of the pan-
creatic secretion is not known yet.
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