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Abstract

Pancreatic secretion was first studied at The Mount Sinai Hospital by Crohn in 1912, but measure-
ments of pancreatic enzymes in duodenal aspirate or feces were found unhelpful in diagnosis.  Such
pancreatic tests fell into disuse because of advances in radiology of the biliary tree in the 1920s.  Once
extracts of secretin and cholecystokinin-pancreozymin became available from Sweden in the 1930s, it
became possible for the biochemist Franklin Hollander and the surgeon David Dreiling to develop
pancreatic secretion tests into practical procedures for the diagnosis of benign and malignant diseases
of the pancreas and biliary tree, and produce physiological studies of the mechanisms of ion transport.
With more purified hormones, it became possible to measure maximum (alkaline) bicarbonate output
of the pancreas analogous to the maximal acid response of the stomach to an augmented histamine
test, and to determine whether patients with duodenal ulcer had decreased neutralization of gastric acid
in the duodenum.  Clinical studies were also directed to the pathophysiology of acute relapsing and
chronic pancreatitis and carcinoma.  However, advances in imaging and endoscopy have now shifted
the thrust of pancreatology.  Key Words: Pancreatic secretion, secretin, cholecystokinin-pancre-
ozymin, pancreatitis, pancreatic carcinoma.

AS WITH THE STOMACH, there was close collabora-
tion between the departments of medicine and
surgery at The Mount Sinai Hospital in their stud-
ies of pancreatic physiology and disease.

Pancreatic Secretion

Crohn’s chief, Dr. Julius Rudisch, was a
friend of Dr. Max Einhorn (1862 – 1953) of the
German (later Lenox Hill) Hospital, an early spe-
cialist in gastroenterology (1).  Einhorn was one
of the first to investigate the duodenal juices, and
on a visit to The Mount Sinai Hospital presented
two of his inventions, a duodenal bucket on a
string and the flexible duodenal rubber tube, to
Dr. Rudisch, who passed them on to Crohn
because, according to Crohn (2), Rudisch was
interested only in diabetes and not in gastroen-
terology.  However, Rudisch certainly was inter-
ested in hepatogastroenterology and wrote on

acute yellow atrophy of the liver (3).  Moreover,
in Crohn’s own memoirs (4), The Mount Sinai
Hospital attending in the anecdote is not Rudisch
but Dr. Nathan Brill (who had written on primary
carcinoma of the duodenum [5]).  In 1912 Crohn,
with the help of Dr. Bookman, the hospital bio-
chemist, began his secretory studies.

In order for me to study the diseases of the pan-
creas, it was important first to establish the
norm.  To put ward patients through the test,
which is uncomfortable for even healthy per-
sons, seemed an injustice.  Who was more nor-
mal and more accessible than myself?  Night
after night, at bedtime, I would swallow that
36-inch long rubber catheter, drink a glass of
milk to stimulate pancreatic secretion and go to
sleep.  In the morning I would aspirate the pan-
creatic secretions and the bile from my duode-
num.  The tube constituted no great discomfort
or inconvenience and on every afternoon the
secretions would be tested and the normal pan-
creatic enzymes evaluated at the laboratory. (4)

Statistics and biometry were not then used in
clinical measurements.  Crohn determined the
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normal ranges for the various constituents of the
duodenal aspirate from samples of aspirate
obtained 21/2 hours after 8 ounces of milk
which he drank at 6:30 AM.  Samples were ana-
lyzed for amylase, lipase, and alkali protease in
both duodenal aspirate and feces.  Values were
also obtained from patients with gallstones,
pancreatitis and carcinoma, cirrhosis and dia-
betes (6).  He was able to show the presence of
normal pancreatic enzymes and the absence of
bile in a 10-week-old infant in whom the bile
ducts were absent (7).

Crohn tried to diagnose tumors involving the
terminal bile and pancreatic ducts (8) and to dis-
tinguish between different causes of jaundice,
such as cholecystitis and lithiasis, catarrhal jaun-
dice and impacted common bile duct stones, and
between benign and malignant strictures of the
biliary system, pancreatitis, carcinoma of the pan-
creas, and liver cirrhosis (9, 10).

In this series of papers (6 – 10), Crohn always
reviewed the literature (usually including the
many tests devised by Einhorn) and disclaimed
any fundamental novelty in his studies, or in his
assessment of duodenal lavage with magnesium
sulfate (11) or his experimental studies on gall
bladder physiology at Cornell (12).

The Lyon test continued in use at The Mount
Sinai Hospital at least until 1923 (13): “Since gall
bladder disease, with its protean clinical manifes-
tations, is a frequent cause of intra-abdominal
symptoms (second only to disease of the appen-
dix), this test should be included as . . . routine in
the study of gastro-intestinal cases.”

The Department of Physiologic Chemistry at
The Mount Sinai Hospital continued to improve
the assays for rennet and other pancreatic
enzymes (14 – 16) and also performed the first
quantitative measurements of the enzymes in
juice draining from a pancreatic fistula (17).
Pancreatic tests then fell into disuse, partly
because they added little to clinical diagnosis, but
mostly because of advances in radiology of the
biliary tree in the 1920s.

Pancreatic Secretion Tests

Soon after Hollander came to Mount Sinai to
direct the Gastroenterology Research Laboratory,
Einar Hammarsten, professor of chemistry at the
Karolinska Institute, Stockholm, came to give the
1938 Janeway Lecture on “The Secretin of
Bayliss and Starling” (18).  In it, he reviewed the
work in his department to purify and crystallize
this hormone and to prove that it was different
from cholecystokinin and incretin.  In this lecture,

he referred to reports by Agren and Lagerlöf, and
Agren, Lagerlöf and Berglund, and Lagerlöf, in
which this secretin was used to test pancreatic
secretion, using a double tube to aspirate gastric
and duodenal juice separately over 60 minutes,
and measuring volume, bicarbonate, diastase,
trypsin and lipase.

It was this Stockholm test that Diamond (19)
introduced in the United States and which
Hollander’s group then used extensively both in
dog and man for more than 30 years.  In July
1946, Dr. David Dreiling succeeded Dr. Henry
Doubilet as the Dr. Ralph Colp Fellow in
Experimental Surgery.  At the time of Dr.
Dreiling’s graduation from the house staff, Dr.
Colp called him in and said, “Dreiling, you can
join me in my office and make a lot of money, or
go into the lab and do research on biliary and
pancreatic physiology.  You’ll get only $600 a
year.  Take your choice.”  Dr. Dreiling made his
choice, and several books and 260 papers later,
praised the foresight of the man who, though a
brilliant clinical surgeon, understood the inade-
quacy of the scalpel in solving complex physio-
logic problems (20).

Dreiling added the secretin test “to the diag-
nostic armamentarium of the Hospital” after a
preliminary series of 93 controls and 52 patients
with disease, using different sources (Astra,
Wyeth) of secretin (21).  Dreiling and Hollander
then expanded the control series to 172 and used
proper statistical analysis to provide a normal
range for 80 min volume, maximum bicarbonate
concentration and amylase concentration, and cal-
culated that data scatter (represented by coeffi-
cient of variation) would be minimized by
expressing outputs on a per kilogram basis and
using Lagerlof’s 80 min collection rather than
shortening it to 40 min (22).

In his third study, in which duodenal aspirate
was also analyzed for icteric index, Dreiling (by
now a George Blumenthal Jr. Fellow) found that
of 98 patients with complaints after cholecystec-
tomy, only two had abnormal pancreatic secretion
(one with carcinoma and one with chronic pan-
creatitis).  Responses in four other patients with a
biliary pigment were suggestive of surgically
remediable organic common duct obstruction
(23).  A series of papers reported studies on
patients with obstructive jaundice, pancreatic
insufficiency and cholecysto-enteric anastomosis
(24), tumors in and about the pancreas, diabetes
mellitus (25), and pancreatitis and various gas-
trointestinal diseases (26).  The normal ranges for
pancreatic secretion after Lilly secretin (> 2.0
mL/kg, HCO3

- > 90 mEq/L, amylase > 6 U/kg)
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were established in 123 controls (27) and, unlike gas-
tric secretion, were little affected by sex or age (28).

When potent injectable pancreozymin became
commercially available (Boots, Vitrum) this
enzyme-stimulating hormone was injected before
the secretin (29).  “Sporadic attempts at cytologic
examination of duodenal aspirates had been made
in this laboratory since 1948, when the first case
of cancer of the pancreas had been diagnosed by
demonstrating cancer cells on the duodenal smear,
but a systematic investigation was not possible
until the cooperation of a trained cytologist
(H.E.N.) was available at the hospital” (30).
Provocative blood tests (the serum amylase
response to morphine, secretin, methacholine and
bethanechol singly and in combination) were of no
value in the diagnosis of pancreatic disorders (31).

Dreiling’s classification of pancreatic deficiency
states remained little altered for over 30 years:

• Total insufficiency (low volume, bicarbonate,
enzyme) indicated extreme destruction, as in
end-stage pancreatitis or advanced pancreatic
cancer;

• Qualitative insufficiency (low bicarbonate
concentration with normal flow) indicated
chronic pancreatitis;

• Quantitative insufficiency (low flow with normal
bicarbonate and enzyme concentrations) indi-
cated ductal obstruction, as in pancreatic cancer;

• Isolated enzyme deficiency (with normal flow and
bicarbonate) was seen in nutritional pancreatic
fibrosis, sprue and inflammatory bowel disease;

• Hypersecretion indicated hypertrophy and
hyperplasia of the hepatic and ductal systems, as
in cirrhosis and hemochromatosis (29, 32– 34).

As for the pancreozymin-secretin test (32):
“The combined test was discontinued after 1000
tests because of the additional expense, more fre-
quent reaction, the equivalence of information,
and the lack of availability of CCK-PZ for clini-
cal use in the USA.”

The international reputation of The Mount
Sinai Hospital for pancreatic research was recog-
nized when the 1970 World Congress of Gastro-
enterology selected Dreiling to give one of the
Quadrennial Reviews, initiated at this Copenhagen
meeting, on “The early diagnosis of pancreatic
cancer” (35).  The data on 401 patients with pan-
creatic cancer showed 95% accuracy for carcinoma
of the head of the pancreas, but decreasing accu-

racy for the body (83%) and the tail (81%).
Cytologic accuracy was 82%, 89% and 75% for
these parts of the pancreas.  “Further refinements
in exocrine secretory techniques, such as newer
stimulants, altered protocols, and augmented secre-
tory capacity, may complicate the testing but are
not likely to provide much more significant data.
Let me conclude with the prediction that accuracy
and early diagnosis are most likely to result from
advances in pancreatic scanning. . . .” (35), a pre-
diction fully justified by our current ultrasound,
CT, MRI, angiography and serologic tests.

Pancreatic Physiology

Although pancreatic secretion became a rou-
tinely available diagnostic test at Mount Sinai,
research in gastrointestinal physiology assumed
greater importance, especially after the return of
Dr. Henry Janowitz in 1948 after World War II.
Neither vagotomy (36), histamine, histalog (37)
nor glucagon (38) had any direct effect on pancre-
atic secretory flow, bicarbonate concentration or
enzyme output.  However, the carbonic anhydrase
inhibitor acetazolamide (Diamox) given intra-
venously to dogs led to 95% inhibition of
secretin-stimulated duodenal juice volume and
60% inhibition of bicarbonate secretion (39);
there were similar marked inhibitions of duodenal
juice volume (40), and hepatic bile output (41) in
man.  Dreiling and Janowitz’s studies of the
secretion of electrolytes (42, 43) in the above
studies and in those where various anticholinergic
piperidyl drugs inhibited fluid but not bicarbonate
concentration (44), led them to the following con-
clusions at the 1962 Ciba Symposium (45): (1)
specialized cells of the pancreas secrete HCO3

- by
an active transport mechanism whose nature is
unknown at present; (2) the HCO3

- of pancreatic
juice is derived in part from metabolic CO2 and in
part from the HCO3

- of the blood; (3) carbonic
anhydrase activity is required for high rates of
secretion; (4) the carbonic anhydrase functions in
part to maintain a critical intracellular pH-CO2
range; and (5) probably as the HCO3

- solution
moves down the collecting system it undergoes an
exchange with Cl- of the interstitial fluid or blood
(the existing concentrations favoring this).

Pancreatic Secretion in Animals

It was impossible to study pure pancreatic
duct juice uncontaminated by biliary and intesti-
nal secretions in human subjects until the introduc-
tion of endoscopic retrograde cholangio-pancreatog-
raphy (ERCP); thus, the human studies described
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above were of duodenal aspirate.  Dogs can be
equipped with a chronic duodenostomy cannula
through which the papilla of the pancreatic duct can
be cannulated under direct vision with a bent glass
capillary tube.  This Thomas and Crider technique
(46) was used for many years at Mount Sinai and
was described in detail by Hollander’s group (46).

While enzyme secretion of the pancreas had
long been known to be stimulated by the vagus
nerves, the bicarbonate and water outputs were
usually attributed to stimulation by secretin, so that
increases in both volume and bicarbonate secretion
of secretin- or histamine-stimulated pancreatic
juice after supradiaphragmatic vagotomy suggested
that the vagi do contain inhibitory fibers (47).

When I came to work with Dreiling and
Janowitz in 1961, I suggested that the commercial
availability of the more purified Jorpes-Mutt
preparation of secretin from Vitrum provided an
opportunity to attempt to evoke a maximum
(alkaline) bicarbonate output of the dog pancreas
analogous to the maximal acid response of the
stomach (I had been researching this in England,
by measuring peak acid output [48, 49] using
Kay’s novel augmented histamine test [50]).
With Claude Perrier of Geneva we did achieve
maximum bicarbonate output with either single
intravenous injections or continuous intravenous
infusions of secretin, and we were able to produce
inhibition by supramaximal doses (51).

We showed that the dog pancreas could
secrete about one-third as much alkali as the
stomach could secrete acid (52).  There was, how-
ever, no significant correlation between maximum
bicarbonate output and maximum acid output
(52).  Nevertheless, there was a highly significant
correlation between maximum bicarbonate output
and weight of pancreas (52), a finding studied by
Jack Hansky and Oswaldo Tiscornia (53), who
concluded that the female dog pancreas could
secrete 0.08 mEq bicarbonate/g, a figure identical
to that found in normal female human subjects.
Hansky and Tiscornia also achieved maximum
amylase output with either single intravenous
injections or continuous intravenous infusions of
pancreozymin (Cecekin, Vitrum) (54).  Moreover,
a combination in a single injection of a maximal
pancreozymin dose with a maximal secretin dose
evoked the maximal amylase, fluid and bicarbon-
ate secretory capacity of the pancreas (54).

The Augmented Secretin(-Pancreozymin) Test

There was no general agreement on whether
the diagnostic discrimination between normal sub-
jects and patients with chronic pancreatitis would

be better with a submaximal or a maximal dose of
secretin.  Agren and Lagerlöf (55) injected 3 cat
units kg: “We have chosen this as our standard
dose since there are reasons to believe that in
pathological conditions . . . a subnormal function
will be easier detected after submaximal stimula-
tion.”  With the demonstration of a maximum
bicarbonate output of the dog pancreas, it was sug-
gested that “the measurement of maximum secre-
tory capacity in man may allow more quantitative
assessment of secretory impairment” (51).

There have been many human studies of this
augmented secretin test with the proprietary
Boots preparation, the Vitrum preparation or pure
G.I.H. (GastroIntestinal Hormone, Karolinska
Institute) secretin given as a single injection or as
a continuous intravenous infusion.  Dreiling’s
group compared the standard with the augmented
secretin test in 366 patients (56).  In 130 without
pancreatic disease, the mean (SD) volume
response doubled from 3.2 (0.6) to 6.3 (0.9)
mL/kg, with the lower limit of normal (LLN) also
doubling from 2.0 to 4.5 mL/kg.  The maximum
bicarbonate concentration increased only slightly,
from 110 (10) to 117 (12) mEq/L and its LLN
from 90 to 93 mEq/L, and output from 21.6 (4.7)
to 40.7 (9.1) mEq/80 min and LLN from 12.2 to
22.5.  The amylase secretion increased markedly
from 21.4 (7.4) to 36.7 (14.2) U/kg and its LLN
from 6.6 to 8.3 U/kg.  However, in patients with
pancreatic insufficiency, volume flow and bicar-
bonate secretion did not increase to the same
degree as in normal subjects, and in patients with
pancreatic cancer there were no significant
increases in flow or bicarbonate with the aug-
mented dose of secretin.  Thus, the augmented
secretion test both corroborated and enhanced the
diagnostic discrimination of the standard test.

Some studies suggested that an augmented
secretin test of maximal or near maximal bicar-
bonate output did improve diagnostic discrimina-
tion (57, 58).  In one small series, we found that
peak bicarbonate output in response to either a
submaximal or near-maximal dose of secretin pro-
vided absolute discrimination between 10 male
control subjects and five men with chronic pancre-
atitis (59).  In Norway, full dose-response studies
in healthy volunteers and in patients with chronic
pancreatitis showed that diagnostic discrimination
was better with a G.I.H. dose of 0.7 clinical
units/kg/hr than at lower or higher doses (60).

Interpretation of Secretin Tests

A low volume even with normal concentra-
tions suggests a carcinoma.  Low concentrations
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even with a normal volume indicate chronic pan-
creatitis.  The combination of a low volume and
low concentrations of bicarbonate and enzymes
expresses severe exocrine insufficiency.
Hypersecretion may occur in some phases of pan-
creatitis,  hemochromatosis and cirrhosis.
Diagnostic discrimination may be improved by
considering volume and bicarbonate concentra-
tion together, or by calculating bicarbonate out-
put.  Wormsley has emphasized that the bicarbon-
ate concentration should always be assessed in
conjunction with the secretory rate (57).  A high
bicarbonate concentration denotes a normal bicar-
bonate secretory capacity.  I found that with high
rates of secretion in response to large doses of
secretin, the bicarbonate concentration may
decrease as the volume increases (61), so that a
low bicarbonate concentration does not denote a
low secretory capacity unless the volume is also
low.  Wormsley has also re-emphasized that a low
bicarbonate output may represent a small
response from a normal gland with a high thresh-
old or low sensitivity to hormonal stimuli; only if
a repeat test with a near-maximal stimulus results
in a low output can the pancreas be definitely
classed as abnormal.

Let Dreiling have the last word (56): “In clin-
ical practice a standard secretion test is sufficient
when normal results are obtained.  If a low or
borderline volume or maximum bicarbonate
response is encountered, the standard test should
be followed by an augmented test with the expec-
tation that any questionable abnormality in secre-
tion will not only be confirmed, but enhanced.”

Gastric Acid and Pancreatic Alkali

It has long been appreciated that the pH in the
human postbulbar duodenum normally remains
neutral in spite of being exposed to several liters
per day of gastric juice of pH about 1.  But the
relative neutralizing powers of food and antral,
duodenal, jejunal, biliary and pancreatic secre-
tions were uncertain.  Once measurements of
maximal secretory capacity of both the stomach
(50) and the pancreas (51) become available, the
hypotheses that pancreatic secretion might be cor-
related with, and/or neutralize gastric secretion
could be tested.  In the two Mount Sinai studies,
maximum bicarbonate output of the dog in
response to secretin alone ranged from 2.4 to 4.6
(mean 3.3) mEq/15 min (51) and to secretin and
pancreozymin from 2.6 to 4.3 (mean 3.2) mEq/15
min (54).  Thus, bicarbonate outputs expressed as
a proportion of maximum acid output in the same
dogs ranged from 19 – 45% (mean 30%) (52), a

proportion similar to the one-third found in dogs
by Preshaw and Grossman (62).  Although Perrier
and I (51) found no significant correlation
between maximum bicarbonate and acid outputs
in the dog, on my return to London I was able,
with Gutierrez, to find a correlation in humans.
Bicarbonate secretory capacity in patients with
duodenal ulcers was normal and comparable to
gastric acid secretory capacity (63).  We found
that the basal bicarbonate output of the duodenal
aspirate in patients with duodenal ulcers was only
half that of control subjects, and suggested this
might lead to decreased neutralization of gastric
acid in the duodenum.

Hypersecretory States

Certain patient groups showed marked hyper-
secretion of volume and bicarbonate output (64).
In patients with Zollinger-Ellison syndrome these
are doubled, presumably due to the high acid load
entering the duodenum (and thus increased
release of secretin), together with the pancreas-
stimulating effect of the ectopic gastrin.  In
hemochromatosis, these outputs may be triple
normal, suggesting either increased sensitivity of
the ductular parenchyma to secretion or increased
ductular cell mass.  However, in patients with cir-
rhosis, part of the hypersecretion must come from
increased output of bicarbonate in bile from the
hepatic ductular system.

Pancreatitis

At the end of the 19th century, Manges
reported a woman of 21 with an acute abdomen,
found at laparotomy by Dr. Gerster to have acute
pancreatitis with fat necrosis.  She was only the
fourth patient in the literature “in which recovery
has followed operative interference in acute pan-
creatic disease” (65).  Half a century later,
Dreiling and Janowitz extended their physiologi-
cal measurements of pancreatic exocrine secretion
in man and dog toward the study of the etiology
and pathogenesis of pancreatic inflammation.
Much of this work was summarized in the 1962
Ciba symposium (45) and their 1964 monograph
(66).

These studies were occasionally clinical.
Thus, from 1945 to 1959, 417 patients were
admitted to Mount Sinai with pancreatic cancer as
well as 100 with chronic pancreatitis (51 with bil-
iary disease and 33 with alcohol excess), of
whom 24 had calcinosis: six of these 24, and
none of the 76 without calcinosis, had pancreatic
cancer (67).  In the dog, calcium was secreted not
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with the secretin-stimulated electrolyte compo-
nent, but with the pancreozymin-stimulated
enzyme fraction (68).  The chronic effects of
alcohol on the pancreas had been extensively
studied elsewhere, but acute intravenous infusions
of alcohol in dogs, in doses giving comparable
blood levels (25 – 29 mg/100 mL) to those in
human drinkers, produced prompt and marked
inhibition of flow rate and bicarbonate concentra-
tion.  This was thought to be due to an effect on
the electrolyte transport systems (69).  Patients
with chronic pancreatitis with typical low post-
secretion volume and bicarbonate concentration
showed differences by etiology: those with biliary
tract disease had higher volume and bicarbonate
concentrations than those with alcoholic pancre-
atitis (64).  Most interesting were alcoholics with
no symptoms or signs of either hepatic or pancre-
atic diseases; they showed high volume with
lower bicarbonate concentration, that is, pancre-
atic hypersecretion (64).  This pancreatic hyper-
secretion also had been found in patients with cir-
rhosis and hemochromatosis (see above).  It was
suggested that this hypersecretion might represent
an “initial reaction of the pancreas to injury, nor-
mally ductular reduplication and hypertrophy.  As
the inflammation and fibrosis continues, the
increased flows return towards normal . . . accom-
panied by a marked fall in bicarbonate concentra-
tion.  The final stage of low flow, low bicarbon-
ate, and low enzyme secretion, corresponds . . . to
the more advanced . . . fibrosis, atrophy and calci-
fication” (64).  Of 17 alcoholic patients who
underwent secretin tests annually for 10 years, in
11 patients who continued to drink, the observed
early increased flow rate returned to normal in
2 – 3 years and then, together with the bicarbonate
concentration, continued to decrease.  In the six
patients who stopped drinking, these measure-
ments increased (64, 70), suggesting pancreatic
ductular cell regeneration after injury.

This problem of pancreatic regeneration was
pursued in the dog, in which (as in man) obstruc-
tion of the pancreatic duct leads to atrophic degen-
eration.  Immediate microsurgical reanastomosis of
a cut pancreatic duct prevented these changes.  If
ductal reconstruction was satisfactorily performed,
then exocrine secretion, histology and pancreatog-
raphy recovered within 13 to 44 days after the duct
was cut (71, 72).  This exocrine functional recov-
ery after ductal decompression, alloxan (73), and
ethionine (74), led Dreiling and his colleagues to
give an affirmative answer to their rhetorical ques-
tion (75), “Does the pancreatic gland regenerate?”

Further dog studies tested the Janowitz and
Dreiling preference for the exchange rather than the

admixture model of the ionic composition of pan-
creatic juice (45).  For the sum of Cl- and HCO3

- to
be constant, yet Cl- to vary inversely with HCO3

-

then the isotonic primary HCO3
- secretion must be

altered by either an exchange of luminal HCO3 
- for

interstitial Cl- in the ductular system, or an admix-
ture with a low HCO3

- concentration interstitial
fluid.  Both stop-flow (76) and duct perfusion (77)
studies showed both loss of HCO3

- and increases in
Cl- consistent with the exchange hypothesis.

Various metabolic and endocrine effects on
exocrine pancreatic secretions were studied in ani-
mals and man at The Mount Sinai Hospital (78).  A
ten-year follow-up of a patient with type V hyper-
lipoproteinemia observed both recurrent attacks of
abdominal pain and progressive impairment of pan-
creatic juice volume, bicarbonate concentration and
enzyme output (79).  Hypophysectomy in the dog
depressed maximally stimulated pancreatic func-
tion, and this suppression could be partly reversed
by administration of ACTH or corticosteroids (80),
just as the decreased exocrine maximal outputs
after bilateral total adrenalectomy were partly cor-
rected by intravenous aldosterone (81).

Although the Mount Sinai researchers focused
on the volume flow and bicarbonate concentration
and output, amylase was also studied, as were
other enzymes such as desoxyribonuclease I (82).
Amylase in serum was confirmed as electrophoret-
ically heterogeneous, with a probable hepatic com-
ponent not reduced by pancreatectomy (83); more-
over, the elevated amylase in acute pancreatitis
could be partly due to reduction of a normally pre-
sent amylase inhibitor (82).  False positive diag-
noses of acute pancreatitis due to macroamy-
lasemia could be avoided by also measuring urine
amylase and creatinine routinely and calculating
the amylase-creatinine clearance ratio (84).

The phenomenon of hyperlipemia in acute
pancreatitis, whether in patients or experimental
animals, was studied by Jacques Kessler (85),
who demonstrated lipoprotein lipase (LPL) activ-
ity in canine pancreas and in pancreatic juice and
the juice LPL stimulated by secretin and pancre-
ozymin administration.  However, LPL activity
increased with progressive dilution of the juice,
suggesting the presence of an inhibitor and rais-
ing the possibility that pancreatic necrosis either
releases an inhibitor which interferes with the
normal clearing mechanism of plasma triglyc-
erides or releases a source of LPL.

Comment

In the early years of this century and again
from the mid-1940s to the 1970s, Mount Sinai
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gastroenterologists had a major interest in the
pancreatic physiology and pathophysiology of
acute relapsing and chronic pancreatitis and carci-
noma.  However, in recent years, pancreatic
research elsewhere has moved to imaging and
tumor markers with improvement in early diagno-
sis even if these did not lead to great changes in
medical or surgical treatment.
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