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Ethanol in pancreatic juice after oral and intravenous
administration

I Gj0rup, S Dueholm, B Andersen, F Burcharth

Abstract
Six patients with a drain in the main pancreatic
duct were studied. Ethanol was given orally
with individually adjusted doses aiming at a
blood value of 0-8/1000 (17-6 mmol/l). Concen-
trations of ethanol in venous blood and pan-
creatic juice were recorded for three hours.
Similar studies were made when ethanol was
administered as an intravenous priming dose
followed by a maintenance infusion. After
orally administered ethanol, pancreatic juice
values were higher than those in blood for a
short period of time. The relations between
median concentrations and time were incon-
gruous curves consistent with a significant
treatment by time interaction. Intravenous
administration resulted in a similar pattern,
but the interaction was not statistically signifi-
cant. These findings indicate that the human
pancreas may secrete ethanol.

Methods
Pure pancreatic juice was collected by tube
drain from six male patients (age range 43-63
years). In three patients drains were inserted
percutaneously into pancreatic pseudocysts
which were known to communicate with the
main pancreatic duct. Three had been placed in
the main pancreatic duct during pancreatoduo-
denectomy for cancer (Whipple's operation).
The reconstruction was an end to end pan-
creaticojejunostomy and an end to side gastro-
jejunostomy, the two anastomoses being 40 cm
apart and the choledochojejunostomy in
between. Our investigations were performed 12-
14 days after catheter insertion, when pancreatic
secretion was stable and exceeded 200 ml/24
hours.
The study was in accordance with the Second

Declaration of Helsinki. Informed consent was
obtained from patients and the protocol was
approved by the regional ethical committee.
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Our knowledge of the effects of ethanol on the
pancreas is still limited, but changes in secretory
patterns correlate well with the histopathology in
chronic alcoholic pancreatitis.'4
Animal experiments suggest that ethanol

infused into the stomach or jejunum results in
similar ethanol concentrations in pancreatic juice
and arterial blood. The presence ofethanol in the
pancreatic secretion may be a contributory cause
of pancreatitis.7 We therefore investigated
ethanol concentrations in human pancreatic
juice and blood after both oral and intravenous
administration.

ORAL ADMINISTRATION OF ETHANOL
The patients drank 0 55 g ethanol/kg in an
aqueous solution within 10 minutes. We aimed
at a peak blood ethanol concentration of0 8/1000
(l7 6 mmol/A). The mean ethanol concentrations
in samples of pancreatic juice and in serum
(venous blood) were assessed every 10 minutes
for three hours.

INTRAVENOUS ADMINISTRATION OF ETHANOL
The following day, ethanol was given intra-
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Figure 1: (A) The ethanol concentrations in pancreaticjuice and in blood after oral administration ofethanol. (B) The ethanol
concentrations in pancreatic juice and in blood after intravenous administration ofethanol.
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Figure 2: (A) Differences between ethanol concentrations in pancreaticjuice and in venous blood (mean±95% confidence
intervals) after peroral administration ofO S5 g ethanollkg in six men with a drain in the main pancreatic duct. (B) Differences
between ethanol concentrations in pancreatic juice and in venous blood (mean±95% confidence intervals) after intravenous
administration of0 72 g ethanollkg as priming dose and 0-083 g ethanollkglhour as maintenance dose in six men with a drain in
the main pancreatic duct.

venously in an amount calculated to provide and
maintain a constant serum concentration of 17'6
mmol/l for several hours. A priming dose of
0-72 g ethanol/kg was given via infusion pump
over two hours, followed by 0-083 g ethanol/kg/
hour.8 Concentrations ofethanol in venous blood
and in pancreatic juice were measured for five
hours.

Ethanol concentrations in serum and pan-
creatic juice were measured by gas liquid chro-
matography (detection concentration=2
mmol/l, coefficient of variation=0-02, and SD=
1-35 mmol/l).

STATISTICAL ANALYSIS
The statistical methods used were analysis of
variance (ANOVA) for a two factor design: time
and ethanol concentrations with repeated
measurements of each. Owing to uncertainties
with regard to distributional assumptions, both
the usual parametric ANOVA and a non-
parametric model were used.9 Statistical signific-
ance was assigned to all p values below 0-05.
Problems with regard to interpretation of
insignificant outcomes were approached through
95% confidence intervals for pair wise differ-
ences (Figs 2(A) and (B)).

Results
ORAL ADMINISTRATION
The ethanol concentrations in pancreatic juice
and blood after oral ethanol administration are
shown in Figure 1(A). A statistically significant
interaction was found between the two factors
(p<0 01). Ethanol concentrations were higher in
pancreatic juice than in venous blood for a period
ranging from approximately 30 to 90 minutes
after ingestion (Fig 2(A)). The median ethanol
concentrations in blood at 10, 50, and 120
minutes were 6 mmol/l, 16 mmol/l, and 11 5
mmol/l, respectively.

INTRAVENOUS ETHANOL ADMINISTRATION
The ethanol concentrations in pancreatic juice

and in blood after intravenous ethanol adminis-
tration are shown in Figure 1(B). Figure 2(B)
shows that a comparable pattern was evident also
when ethanol was given as an intravenous main-
tenance infusion, but the interaction component
of ANOVA was not statistically significant
(p=0 07). Variations over time were highly
significant (p<0-001). The median ethanol con-
centrations in blood at two, four, and six hours
were 15 mmol/l, 11 mmol/l, and 7-5 mmol/l,
respectively.

Discussion
Ethanol leaves the stomach and intestine by
simple diffusion.'0 During constant infusion the
concentrations of ethanol in arterial and venous
blood are identical after two hours. Before
ethanol enters the systemic arterial circulation
there is a loss due to liver metabolisation and
subsequent pulmonary elimination." Since
ethanol diffuses easily across capillary walls the
physical principles for the distribution among
blood, tissues, and body fluids are those govern-
ing the absorption into the blood.'0

After oral administration the concentrations of
ethanol in canine pancreatic juice" and in human
saliva'2 are the same as in the respective sera. We
found, however, a higher concentration of
ethanol in pancreatic juice than in venous blood.
It has been suggested that the ethanol concentra-
tion in various tissues depends only upon their
relative water content.'0 Whether. this is the
cause for the difference in ethanol concentrations
in pancreatic juice and venous blood in our study
remains to be elucidated.

Ethanol acts on exocrine pancreatic secre-
tion by various mechanisms. Animal studies
suggest that ethanol stimulates the exocrine
pancreas by mediation of its cholinergic innerva-
tion. '3 It is known that ethanol induces release of
gastrin and vasoactive intestinal polypeptide,
which in turn stimulate the human exocrine
pancreas. 'I'I

Studies of ethanol metabolism in rat pancreas
have shown that alcohol dehydrogenase is more
concentrated in the pancreas and the liver than in
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other tissues, and that the rat pancreas is able to
metabolise ethanol.'6 In a recent study it was
found that ethanol induces a subfamily of cyto-
chrome P-450, which may be an aetiological
factor in chronic pancreatitis.'7 Furthermore,
ethanol seems to change the membrane function
by altering the protein and lipid constituents of
cell membranes, leading to activation of adeny-
late cyclase or alteration of the microtubular
function involved in the secretion of pancreatic
enzymes. I8 Disruption of the integrity of the cell
membrane may lead to influx of extracellular
calcium and efflux of digestive enzymes, a final
pathway for toxic death of the cells.'920 Mor-
phometric studies of human pancreas in chronic
pancreatitis have shown dilated endoplasmic
reticulum and Golgi apparatus, which may
correspond with hyperfunctioning of the acinar
cell secreting proteins.'2' This is in accordance
with the finding that chronic ethanol intake
causes precipitation of protein plugs in the
pancreatic duct system. This may be a factor in
the production of alcoholic pancreatitis.22 23 The
presence of ethanol in pancreatic juice may
further alter the physiochemical properties ofthe
protein rich pancreatic secretions.
Our finding of a higher concentration of

ethanol in pancreatic juice than in serum seems
to indicate 'secretion' of ethanol by the human
pancreas. However, our results apply only to
patients with a history ofpancreatic disease. This
finding is supported by studies showing that the
pancreas in chronic pancreatitis can metabolise
and probably secrete ethanol due to induction of
ethanol inducible cytochrome P-450. We have
considered the various interpretations of our
findings including systematic analytic error,
postoperative changes of either anatomic or
physiological nature, and reflux of the alcoholic
beverage through the jejunal loop to the drain in
the pancreatic duct. Since none of these explana-
tions seems adequate, however, we feel that
further clinical investigation is warranted.

We thank The Department of Clinical Chemistry, Bispebjerg
Hospital, Copenhagen, Denmark for technical assistance.
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