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Abstract

 

The mechanisms by which short-term ethanol administra-

tion alters pancreatic exocrine function are unknown. We

have evaluated the effects of ethanol administration on pan-

creatic secretion of digestive enzymes. In our studies, anes-

thetized as well as conscious rats were given ethanol at a

rate sufficient to cause the blood ethanol concentration to

reach levels associated with clinical intoxication. Ethanol

was administered over a 2-h period during which blood eth-

anol levels remained stably elevated. We report that intrave-

nous administration of ethanol results in a transient increase

in pancreatic amylase output and plasma cholecystokinin

(CCK) levels. The ethanol-induced increase in amylase out-

put can be completely inhibited by the CCK-A receptor an-

tagonist L-364,718 and partially inhibited by the muscarinic

cholinergic antagonist atropine. The ethanol-induced rise in

amylase output can be completely prevented by instillation

of trypsin into the duodenum or by lavage of the duodenum

with saline during ethanol administration. Furthermore, the

intraduodenal activity of a CCK-releasing factor is in-

creased by infusion of ethanol. These studies indicate that

administration of ethanol causes rat pancreatic exocrine se-

cretion to increase. This phenomenon is mediated by a

trypsin-sensitive CCK-releasing factor which is present

within the duodenal lumen. These observations lead us to

speculate that repeated CCK-mediated ethanol-induced

stimulation of pancreatic digestive enzyme secretion may

play a role in the events which link ethanol abuse to the de-

velopment of pancreatic injury. (
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Introduction

 

Ethanol abuse is an important factor in the etiology of pancre-
atitis but the mechanisms by which ethanol causes pancreatic
injury have not been identified. Attempts to induce pancreati-
tis in experimental animals by either short-term or prolonged
administration of ethanol have failed.

A recent review of studies evaluating the effects of ethanol
administration on pancreatic function has indicated that those
effects depend on the species being studied and the route of
ethanol administration. Thus, administration of ethanol has
been associated with stimulation, inhibition, and no change in
exocrine pancreatic secretion (1). For the most part, those pre-
vious studies have not defined the mechanisms responsible for
the observed changes in exocrine pancreatic function in re-
sponse to ethanol administration.

The present studies were undertaken in the belief that an
understanding of the mechanisms by which ethanol adminis-
tration alters pancreatic function might provide important
clues to the mechanisms by which ethanol abuse causes pan-
creatitis. We have given rats ethanol in amounts sufficient to
raise blood ethanol concentration to levels which have been
clinically defined as intoxication. When given to either con-
scious or anesthetized rats under these conditions, we have
found that ethanol causes cholecystokinin (CCK)

 

1

 

-mediated
stimulation of digestive enzyme secretion from the pancreas.
Our observations indicate that administration of ethanol in-
creases the activity of a trypsin-sensitive CCK-releasing factor
in the duodenum and this, in turn, results in enhanced CCK re-
lease into the circulation.

 

Methods

 

All experiments were performed using male Wistar rats (200–300 g)
purchased from Charles River Laboratories (Wilmington, MA). The
animals were housed in temperature-controlled 23
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C, 12-h light/
dark rooms. They were given free access to rat chow and water. Caer-
ulein was obtained from Research Plus, Inc. (Bayonne, NJ). The
agents used to measure amylase activity and blood ethanol levels
were obtained from Sigma Chemical Co. (St. Louis, MO). All other
chemicals and reagents were of the highest purity available. The ani-
mals were maintained and all experiments were performed using pro-
tocols approved by the Institutional Animal Care and Use Commit-
tee of the Beth Israel Hospital.

 

Animal preparation

 

Blood alcohol levels.

 

The protocol used to establish elevated but sta-
ble blood alcohol levels for subsequent experiments was evaluated
using anesthetized rats. After an overnight fast, rats were anesthe-
tized with an intraperitoneal injection of pentobarbital sodium (40
mg/kg) and anesthesia was maintained by periodic intravenous ad-
ministration of pentobarbital sodium (10 mg/kg). Cannulae (PE50)
were placed in each jugular vein. Ethanol was infused as shown in
Fig. 1, through one of these cannulae and, at selected times, blood
was withdrawn from the other cannula into a heparinized tube for
blood alcohol measurement.

 

Pancreatic secretion in anesthetized rats.

 

Rats were fasted over-
night and anesthetized as described above. A cannula (PE50) was
placed in the right jugular vein and used subsequently for ethanol in-
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fusion. A midline celiotomy was performed and, the common pancre-
atic–bile duct was cannulated extraduodenally with a PE10 catheter
through which pancreatic secretions were collected. The bile duct was
ligated on the liver side of the pancreas to prevent the flow of bile
into the common pancreatic–bile duct. Core temperature was main-
tained using a heating pad and overhead lamp. The animals were al-
lowed to stabilize for 30 min before the onset of ethanol infusion and
collection of pancreatic juice. Ethanol was infused intravenously as
shown in Fig. 1. Control animals received an identical volume of sa-
line intravenously. In some animals 25% ethanol (or saline in con-
trols) was injected directly into the stomach to achieve a blood alco-
hol level of 0.10 mg%. This level of blood alcohol was maintained for
the duration of the experiment by periodic intragastric administration
of ethanol. Pancreatic secretions were collected over various time in-
tervals in preweighed vials and volume output was calculated assum-
ing a juice density of 1 g/ml.

 

Pancreatic secretion in conscious rats.

 

1 d before each experiment,
fasted animals were anesthetized and cannulae were placed in the
jugular vein as well as the common pancreatic–bile duct as described
above. An additional cannula (PE50) was placed into the second por-
tion of the duodenum and used for return of biliopancreatic secre-
tions. The pylorus was ligated to prevent acid entry into the duode-
num and gastric secretions were diverted from the obstructed
stomach through a PE150 cannula placed through a stab wound in the
gastric fundus. All cannulae were exteriorized and the celiotomy
wound was closed. The animals were placed in a restraining cage, al-
lowed to awaken from anesthesia, and given free access to water.
During this time, the pancreatic–bile duct cannula was connected to
the duodenal infusion cannula and, as a result, pancreatic as well as
biliary secretions were not diverted from the duodenum. Each exper-
iment was begun by determining basal (i.e., unstimulated) amylase
output at 15-min intervals for 1 h. At that time, animals were given ei-
ther ethanol or saline intravenously and amylase output was mea-
sured at 15-min intervals for 90 min. For these measurements, the
pancreatic–bile duct cannula was disconnected from the duodenal
cannula for 30 s to permit sampling of the secretions and then the two
cannulae were reconnected to avoid prolonged diversion of secre-
tions from the duodenum. Since in these experiments the bile duct
had not been ligated, the collected secretions consisted of bile as well
as pancreatic juice and no significant change in volume was noted
when basal and ethanol-stimulated conditions were compared. As a
result, measurement of amylase concentration in the collected sam-
ples permitted calculation of changes in amylase output.

 

Bioassay of CCK-releasing factor.

 

The effects of ethanol admin-
istration on duodenal CCK-releasing factor activity was evaluated us-
ing a “donor-recipient rat” bioassay system similar to that described
by Lu et al. (2). “Donor rats” were prepared as described above for
the secretion studies involving anesthetized rats. Additional cannulae
were placed in the proximal duodenum (for infusion of lavage fluid)
and 20 cm distally (for collection of lavage fluid). The rats were given
intravenous saline (control) or ethanol as described in Fig. 1 for 1 h
and, during that time, the duodenum was continuously lavaged in pH
7.4 phosphate buffer at a rate of 2.5 ml/min. The collected lavage fluid
was concentrated using an Amicon YM-3 filter and then dialyzed,
overnight, at 4
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C against phosphate-buffered saline (pH 7.4). “Recip-
ient rats” were anesthetized but did not receive jugular vein cathe-
ters. A collection cannula was placed, extraduodenally, in the pancre-
atic–bile duct and the bile duct was ligated on the liver side of the
pancreas. 1 ml of saline containing soybean trypsin inhibitor (10 mg/
ml) was injected into the duodenal lumen and pancreatic secretions
collected over the subsequent 5 h. Under these conditions, amylase
output increases transiently because of the absence of proteolytic en-
zyme activity in the duodenum but it then decreases to basal levels.
When amylase output had returned to basal level, 1 ml of the concen-
trated, dialyzed duodenal lavage fluid obtained from either saline-
(control) or ethanol-infused donor rats was instilled into the duode-
num of the recipient animal, and the subsequent amylase output from
the recipient rat over the next 120 min was determined.

 

Bioassay of plasma CCK

 

Experimental animals were killed by administration of a lethal dose
of sodium pentobarbital. Blood (6 ml) was collected in cold, heparin-
ized tubes, by cardiac puncture. Plasma was prepared and CCK levels
quantitated by bioassay as described by Liddle et al. (3) using freshly
prepared pancreatic acini (4) obtained from uninstrumented but fasted
rats. A standard curve for caerulein-stimulated amylase secretion
from each acini preparation was established and the concentration of
CCK in the plasma extracts was calculated using this standard curve.
CCK levels were expressed, in picomolars, as caerulein equivalents.
Recovery of known amounts of caerulein added to control rat plasma
was evaluated with each experiment and found to vary from 80 to
105%. The results of each experiment were corrected using the mea-
sured recovery rate for that experiment. Amylase releasing activity
(i.e., CCK) measured in the plasma extracts was consistently and
completely inhibited by addition of the CCK-A receptor antagonist
L-364,718 to the bioassay.

 

Other assays

 

Blood ethanol was measured as described by Bucher and Redetzki
(5). Amylase activity was quantitated as described by Pierre et al. (6)
using maltotetrose as the substrate.

 

Analysis of data

 

The results reported in this communication represent the mean
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SEM values obtained from four or more animals in each group. The
significance of changes was evaluated using Student’s 

 

t

 

 test and signif-
icance defined as differences associated with 

 

P

 

 

 

,

 

 0.05.

 

Results

 

Effects of ethanol administration on blood ethanol concentra-

tion.

 

Infusion of ethanol, according to the protocol described

Figure 1. Blood ethanol levels during intravenous ethanol infusion. 
Rats were prepared as described in the text and, at time 0, a bolus in-
travenous injection of 0.5 ml of 85% ethanol was given. Between 
times 20 and 40 min, 40% ethanol was infused at a rate of 1.08 ml/h. 
Between times 60 and 80 min and between times 100 and 120 min, 
25% ethanol was infused at a rate of 1.08 ml/h. Blood ethanol was 
measured as described in the text. Results represent mean6SEM val-
ues from four to six animals evaluated at each time point.
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in Fig. 1, in anesthetized rats resulted in a rise in blood ethanol
concentration to a value of 0.12

 

6

 

0.03 mg%. This rise was
noted within 20 min of starting the infusion and the blood eth-
anol concentration remained at this level for the duration of
the experiment (Fig. 1).

 

Effects of ethanol administration on pancreatic secretion in

anesthetized rats.

 

Infusion of ethanol resulted in a prompt
stimulation of pancreatic amylase output (Fig. 2 

 

A

 

). Within 45
to 60 min of starting the ethanol infusion, amylase output
reached a value which was seven- to ninefold greater than that
noted before ethanol infusion and significantly greater than
that observed for control animals infused with saline whose
pancreatic juice had been similarly diverted from the duode-
num by cannulation of the pancreatic duct. The small increase
in amylase output observed in control animals is due to diver-
sion of pancreatic secretions. As noted by others, diversion of
pancreatic secretions from the duodenum results in decreased
activity of trypsin in the duodenum and thus increases the ac-
tivity of CCK-releasing factor (2, 7). Infusion of a volume of
saline that was equivalent to that of the ethanol administered
or infusion of the same volume of saline containing sufficient

amounts of mannitol to raise the plasma osmolarity by 22 mos-
mol (the rise expected to occur if the blood ethanol concentra-
tion is 0.12%) did not increase amylase output (data not
shown). These findings indicate that the ethanol-induced in-
crease in amylase output is not due to either an acute volume
expansion or to an increased osmotic pressure.

In contrast to the blood ethanol level which remained con-
stant during the period of ethanol infusion (Fig. 1), the amy-
lase output was only transiently elevated during the ethanol in-
fusion and, within 120 min of starting the ethanol infusion,
amylase output had returned to the basal (i.e., preethanol)
level (Fig. 2 

 

A

 

). Although ethanol infusion was noted to cause
only a transient rise in amylase output, infusion of the CCK
analogue caerulein in other animals was associated with a sus-
tained rise in amylase output (Fig. 2 

 

B

 

). Furthermore, a sub-
stantial rise in amylase output induced by caerulein was also
noted when caerulein was given to animals infused, as shown
in Fig. 2 

 

A

 

, with ethanol (not shown). Intragastric administra-
tion of ethanol also resulted in similar transient increase in
amylase output (Fig. 3). These observations indicate that etha-
nol infusion causes only a transient rise in amylase output al-

Figure 2. Effect of intravenous ethanol ad-
ministration and caerulein on pancreatic 
output of amylase. (A) Rats were given 
ethanol (circles) or saline (boxes) as de-
scribed in Fig. 1 beginning at the time indi-
cated by the arrow and pancreatic amylase 
output was measured as described in the 
text. (B) In another group of animals pre-
pared as in A but not given ethanol, caer-
ulein was infused beginning at the time in-
dicated by the arrow and pancreatic 
amylase output was measured. Results 
represent mean6SEM for four or more 
animals evaluated at each time.

Figure 3. Effect of intragastric ethanol ad-
ministration on pancreatic output of amy-
lase. Rats were administered either intra-
gastric saline (boxes) or ethanol alone 
(circles) or ethanol plus L-364,718 (trian-

gles) and amylase output was measured as 
described in the text. Results indicate av-
erage values obtained from three or more 
animals at each time point.
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though (

 

a

 

) ethanol levels remain constantly elevated; (

 

b

 

) the
pancreas retains the capability of sustaining an increased rate
of amylase output if suitably stimulated under these condi-
tions; and (

 

c

 

) ethanol infusion by itself does not interfere with
the ability of the pancreas to respond to stimulation of secre-
tion.

 

Effects of L-364,718 and atropine on ethanol-stimulated

amylase secretion in anesthetized rats.

 

Amylase secretion stim-
ulated by infusion of ethanol in anesthetized rats was com-
pletely inhibited by administration of the CCK-A receptor an-
tagonist L-364,718 (Figs. 3 and 4 

 

A

 

). Administration of the
cholinergic receptor antagonist atropine (8 

 

m

 

g/kg/h) delayed
the onset and reduced, by 

 

z

 

 50%, the magnitude of the rise in
amylase output induced by ethanol infusion (Fig. 4 

 

B

 

). Higher
concentrations of atropine (100 

 

m

 

g/kg/h) had a similar but not
a greater effect on amylase output (not shown).

 

Effect of ethanol administration on amylase secretion in

conscious rats.

 

For these experiments, pylorus-ligated animals
were prepared and amylase secretion was evaluated under
conditions which did not mandate diversion of biliopancreatic
secretions from the duodenum. As shown in Fig. 5, infusion of
ethanol in these conscious animals resulted in a transient 3.5-

fold rise in pancreatic amylase output. No increase in amylase
output was associated with intravenous saline infusion in con-
trol animals and the rise in amylase output associated with eth-
anol administration was completely prevented by the CCK-A
receptor antagonist L-364,718.

 

Effects of ethanol infusion on plasma CCK levels in anesthe-

tized rats.

 

Ethanol infusion in anesthetized rats was associated
with a transient rise in plasma CCK concentration (Fig. 6).
Plasma CCK rose from a preethanol value of 0.8

 

6

 

0.4 pM to a
peak value of 39

 

6

 

10 pM which was noted 45 min after starting
the ethanol infusion. Thereafter, CCK levels rapidly declined
and, although the blood ethanol concentration remained sta-
bly elevated (Fig. 1), the plasma CCK level had returned to the
preethanol value of 1.0

 

6

 

0.5 pM 120 min after starting the eth-
anol infusion. A modest but significantly lower elevation of
plasma CCK levels was noted in the control animals which,
like those infused with ethanol, had pancreatic secretions di-
verted from the duodenum as a result of pancreatic duct can-
nulation.

 

Effects of intravenous ethanol on CCK-releasing factor ac-

tivity in the duodenum.

 

As shown in Table I, the ethanol-
induced rise in plasma CCK levels was completely inhibited

Figure 4. Effects of L-364,718 and of atro-
pine on ethanol-stimulated output of amy-
lase. Rats (boxes) were prepared as de-
scribed in the text and given 5 mg/kg 
L-364,718 (A) or 8 mg/kg atropine (B). At 
the time indicated by the arrow, ethanol 
administration as described in Fig. 1 was 
begun. Control animals (circles) were 
treated identically but were given neither 
L-364,718 nor atropine. Amylase output 
was quantitated as described in the text. 
Results indicate values obtained from four 
or more animals at each time. Asterisks in 
B indicate value for animals given atropine 
which is significantly different from that 
noted for animals not given atropine.

Figure 5. Effect of intravenous ethanol ad-
ministration on amylase secretion in con-
scious rats. Pylorus-ligated conscious ani-
mals were infused with either saline 
(boxes) or ethanol alone (circles) or etha-
nol plus L-364,718 (triangles) and amylase 
output was measured as described in the 
text. Results indicate average values ob-
tained from four or more animals at each 
time point.
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when trypsin was instilled into the duodenum. A similar inhibi-
tion was observed when the duodenum was lavaged with saline
during the period of ethanol infusion. Under these conditions,
both amylase output and plasma CCK levels were noted to be
even lower than that noted in control animals not infused with
ethanol. The results of the donor-recipient animal experiments de-

signed to directly evaluate duodenal CCK-releasing factor ac-
tivity by bioassay are shown in Fig. 7. Recipient animals were
prepared by diverting pancreatic secretions from the duode-
num and inhibiting residual proteolytic activity in the duode-
num with soybean trypsin inhibitor. This pretreatment re-
sulted in a transient rise in pancreatic amylase output which
gradually fell to basal levels within 5 h. At that time, concen-
trated duodenal lavage fluid obtained from either saline or
ethanol-infused donor rats was instilled into the duodenum of
these recipient animals. A modest rise in amylase output was
noted when lavage fluid from saline-injected donor rats was
used but a significantly greater rise was observed when the lav-
age fluid from ethanol-infused donor rats was placed into the
duodenum of the recipient animals (Fig. 7, 

 

inset

 

).

 

Discussion

 

The protocol for ethanol administration used in our experi-
ments was designed to result in blood ethanol levels which
would equal or exceed those associated with clinical intoxica-
tion and which would remain stably elevated for the entire 2-h
period of ethanol administration. The combination of bolus
and intermittent infusions of varying concentrations of etha-
nol, by allowing for equilibration of ethanol among various
fluid compartments as well as for ethanol metabolism, appears
to have achieved this goal (Fig. 1). Using this protocol, blood
ethanol levels rose to 0.12 mg% and remained at that level for
the duration of each 2-h experiment.

The rise in blood ethanol concentration after intravenous
or intragastric administration of ethanol to anesthetized rats

Figure 6. Effects of intravenous ethanol administration on plasma 
CCK levels. Rats were prepared and given ethanol (circles) or saline 
(boxes) as described in Fig. 1. The ethanol administration was begun 
at the time 5 60 min. Plasma CCK, expressed as picomolars but mea-
sured as caerulein equivalents, was quantitated by bioassay as de-
scribed in the text. Results represent mean6SEM values for four or 
more animals evaluated at each time.

 

Table I. Effect of Trypsin Infusion and Duodenal Lavage 
on Ethanol-stimulated Amylase Secretion and Rise in 
Plasma CCK

 

Condition Amylase output Plasma CCK

 

% of basal pM

 

Basal 100 1.0

 

6

 

0.5

Saline 230

 

6

 

45 11.5

 

6

 

1.5

Ethanol 750

 

6

 

136 42.0

 

6

 

6.7

Ethanol 

 

1

 

 trypsin 75

 

6

 

27* 2.0

 

6

 

1.0*

Ethanol 

 

1

 

 lavage 80

 

6

 

18* 3.5

 

6

 

1.2*

Rats were prepared as described in the legend to Fig. 2 with additional

cannulae placed (

 

a

 

) in the gastric antrum to divert gastric secretion; (

 

b

 

)

in the proximal duodenum for infusion of lavage fluid (phosphate buf-

fered saline, pH 7.4); and (

 

c

 

) 20 cm distally in the jejunum to collect the

lavage effluent. Amylase output and plasma CCK levels were measured

during a 30-min basal (unstimulated) period before saline or ethanol in-

fusion. Thereafter, animals were given an intravenous infusion of saline

(control group) or ethanol with or without intraduodenal instillation of

trypsin (5 mg) or duodenal lavage with saline (2.5 ml/min) for an addi-

tional 1 h. Amylase output and plasma CCK concentration were deter-

mined. Amylase output is expressed as a percentage of that found for

the basal period. The modest rise in amylase output and plasma CCK

concentration noted in the control group reflects the effects of diverting

pancreatic secretions from the duodenal lumen. Four or more animals

were used in each group and the results shown are mean

 

6

 

SEM for each

measurement. *

 

P 

 

,

 

 0.05 when the ethanol and trypsin or the ethanol

and lavage groups were compared with the ethanol alone group.

Figure 7. Effects of ethanol on duodenal CCK-releasing factor activ-
ity. For this experiment the recipient rats were prepared by diverting 
pancreatic secretions from the duodenum and the residual proteolytic 
activity in the duodenum was inhibited by soybean trypsin inhibitor. 
After amylase output returned to basal levels, concentrated duodenal 
lavage obtained from either saline (triangles) or ethanol (boxes) in-
fused donor animals was instilled into the duodenum of some of the 
recipient rats (inset) and amylase output was quantitated as described 
in the text. Results shown are mean6SEM values obtained from four 
animals in each group.
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was associated with a marked increase in the rate of amylase
secretion from the pancreas. Surprisingly, the acceleration of
amylase secretion induced by ethanol infusion was only tran-
sient although, under the conditions of our experiments, the
blood ethanol concentration remained elevated and the pan-
creas remained responsive to a secretagogue such as the CCK
analogue caerulein (Fig. 2). Within 120 min of starting the eth-
anol infusion, amylase output had returned to the preethanol
level.

The stimulation of pancreatic amylase secretion associated
with intravenous administration of ethanol to anesthetized rats
was also noted when anesthetized rats were given ethanol in-
tragastrically and when conscious rats were given intravenous
ethanol (Fig. 5). Under the latter conditions, the magnitude of
the response to ethanol administration was somewhat reduced,
perhaps because pancreatic secretions had not been diverted
from the duodenum in the conscious group. As had been
noted with anesthetized rats, the ethanol-induced rise in amy-
lase secretion from the pancreas of conscious animals was also
transient and, by 75 min after the start of ethanol infusion,
pancreatic amylase secretion had returned to the preethanol
rate.

The transient pattern of amylase secretion associated with
administration of ethanol to either anesthetized or conscious
rats suggested to us the possibility that ethanol might acceler-
ate the rate of enzyme secretion by an indirect mechanism
rather than by a direct effect of ethanol on acinar cells. Previ-
ous studies by Liddle et al. (3) have indicated that intragastric
instillation of ethanol in rats could cause plasma CCK levels to
rise. We considered the possibility that intravenous adminis-
tration of ethanol might also cause CCK levels to rise and that
this might be the mechanism by which ethanol stimulates pan-
creatic amylase secretion. Indeed, the finding that the ethanol-
induced rise in amylase secretion can be blocked in both anes-
thetized and conscious rats by the CCK-A receptor antagonist
L-364,718 (Figs. 3, 4 

 

A

 

, and 5) is compatible with this conclu-
sion. The finding that the cholinergic antagonist atropine can
partially inhibit the ethanol-induced stimulation of amylase se-
cretion (Fig. 3 

 

B

 

) is also compatible with this conclusion since,
as recently noted by others (8, 9), physiological concentrations
of CCK accelerate pancreatic digestive enzyme secretion via
an indirect, atropine-sensitive pathway which may involve in-
trapancreatic muscarinic cholinergic neurons. Further evidence
that the ethanol-induced acceleration in amylase secretion
from the pancreas reflects an ethanol-induced rise in plasma
CCK levels comes from our studies which quantitated plasma
CCK levels during intravenous ethanol infusion. As shown in
Fig. 6, ethanol infusion results in a prompt and marked rise in
plasma CCK levels which, like the ethanol-induced accelera-
tion in amylase secretion, is transient. Within 120 min of start-
ing the ethanol infusion, plasma CCK levels fall to the preetha-
nol value.

Taken together, these various observations indicate that
administration of ethanol to either anesthetized or conscious
rats causes a transient rise in plasma CCK levels and, as a re-
sult, a comparably transient rise in pancreatic amylase secre-
tion. CCK is synthesized and released into the circulation by
specialized I cells within the mucosa of the duodenum and
proximal jejunum (10). Release of CCK into the circulation
from those cells is known to be regulated by a luminally ac-
tive, trypsin-sensitive factor which has been called CCK-releas-
ing peptide (2, 7). We have noted that the ethanol-induced

rise in plasma CCK level as well as the ethanol-induced stimu-
lation of pancreatic amylase secretion can be prevented by
either placing trypsin into the duodenum or, alternatively, by
lavaging the duodenum during the period of ethanol infusion
(Table I). Both of these interventions would be expected to
reduce the intraduodenal activity of the CCK-releasing fac-
tor and, therefore, our observations indicate that these ef-
fects of ethanol infusion are mediated by that CCK-releasing
factor.

Two explanations for our observations should be consid-
ered. First, ethanol infusion might result in enhanced CCK re-
lease from I cells by increasing the sensitivity of those cells to a
fixed level of CCK-releasing factor within the duodenum. The
second explanation for our observations is the possibility that
ethanol infusion might increase the intraduodenal level of the
CCK-releasing factor. To discriminate between these two pos-
sibilities, bioassay of the CCK-releasing factor during ethanol
infusion was carried out using the donor-recipient system. As
noted in Fig. 7, CCK releasing activity is detectable in the
duodenal lavage solution obtained from control, saline-infused,
donor rats presumably because those animals have been ex-
posed to conditions which diminish trypsin activity within the
duodenum, i.e., diversion of pancreatic secretions and instilla-
tion of soybean trypsin inhibitor into the duodenum. In con-
trast to the small rise in CCK releasing activity noted in the
control samples, the CCK releasing activity is markedly in-
creased in the duodenal lavage solution obtained from donor
rats that had received ethanol. These results clearly indicate
that intravenous infusion of ethanol increases the intraduode-
nal level of CCK-releasing factor and strongly suggest that this
is the mechanism by which ethanol administration results in a
rise in plasma CCK levels as well as an enhanced rate of pan-
creatic amylase secretion.

Two distinct luminally active CCK-releasing factors have
been described and extensively characterized (2, 7, 11, 12).
One, referred to as monitor peptide, is secreted from acinar
cells of the pancreas and is present in pancreatic juice while the
other is released from as yet undetermined cells in the intesti-
nal wall. Our finding that ethanol causes CCK-releasing factor
activity to rise under conditions of juice diversion indicates
that it is the latter rather than the former type of CCK-releas-
ing factor which mediates the ethanol-induced rise in CCK lev-
els and pancreatic enzyme secretion.

The results obtained in our studies may shed some light on
the clinical situation in which toxic circulating levels of ethanol
can be achieved. Since ingestion of ethanol increases in-
traduodenal CCK-releasing factor activity resulting in a tran-
sient rise in circulating CCK levels and stimulation of pancre-
atic acinar cell secretion, it would be intriguing to speculate
that this intermittent and transient stimulation is, in some
manner, deleterious to the pancreas. Long-term abuse of etha-
nol in humans has been noted to result in the secretion of pan-
creatic juice which is rich in protein, digestive enzymes, and ly-
sosomal hydrolases (13, 14). Under appropriate conditions,
trypsinogen can be activated by the lysosomal hydrolase cathep-
sin B (15, 16) and trypsin can activate the remaining zymogens.
Thus, one might speculate that repeated but intermittent and
transient CCK-mediated ethanol-induced stimulation of pan-
creatic secretion could lead to pancreatic injury by increasing
the level of activated zymogens within the ductal space. Fur-
ther studies, ideally using human subjects, should be designed
to evaluate this possibility.
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