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Changes in Concentration of Enzymes in Pancreatic Juice After Giving
Insulin.*

J. E. THoMAs AND J. O. CRIDER.
From the Department of Physiology, Jefferson Medical College.

Babkin! has recently reviewed the litera-
ture dealing with the effects of hypoglycemia
and hyperglycemia on the external secretory
function of the pancreas, hence only a brief
summary of the conclusions to be drawn
from previous experimental work will be
given here. In cross-circulated dogs hypo-
glycemia of the head diminishes and hyper-
glycemia augments the output of fluid and
enzymes from the pancreas (La Barre and
Destrée®*). In rabbits hypoglycemia de-
creases the output of enzymes from the pan-
creas through a central action and hyper-
glycemia increases the output through a
peripheral action (Baxter,” Hebb®). Also in
rabbits the normal “trophic” effect (increase
in enzyme output) of vagus stimulation is
reversed by hypoglycemia (Hebb®). Experi-
ments on human subjects have given quite
different results from those obtained on an-
esthetized animals. Insulin hypoglycemia
stimulates the flow of pancreatic juice in man
(Okada®™) but not if gastric juice is excluded

* We are indebted to Dr. M. I F. Friedman for
making the determinations of tryptic activity and
to Dr. Friedman and to Wyeth, Inc., for adequate
supplies of secrctin. We are also indebted to Prof.
Abraham Cantarow in whose laboratory the blood
sugar determinations were made.

1 Babkin, B. P., Secretory Mechanism of the
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3t La Barre, J., C. R. Soc. Biol. Paris, 1928,
99, 1053; Am. J. Physiol., 1930, 94, 117.

4 1 Destrée, ., C. R. Soc. Biol. Paris, 1930, 104,
1038.

t Cited hy Bubkin.1
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6 tHebb, C. O., Quart. J. Exp. Physiol., 1937,
26, 339.
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from the intestines (Frisk and Welin®). The
same is true of fistula dogs (Scott et alf)
When given with secretin, insulin increases
the output of pancreatic enzymes in man
(Lagerlof and Welin!?).

Apparently no information is available re-
garding the effect of insulin-induced hypo-
glycemia on the output of pancreatic enzymes
in unanesthetized experimental animals.
This report is intended as a contribution to
the study of that problem.

Methods. The experiments were per-
formed on 3 dogs having tubulated gastric
and duodenal fistulas with the duodenal
fistula opposite the main pancreatic duct.
Pancreatic juice was collected through a tem-
porary glass cannula inserted into the duct
via the duodenal fistula.®!! The stomach
was drained with the aid of suction through
a double drainage tube passed through the
gastric fistula all the way to the pylorus.
The drainage tube was made up of a rather
large soft rubber outer tube within which
was a much smaller inner tube. Both tubes
had numerous perforations near the pyloric
end. The inner tube was connected through
a trap to a water-operated vacuum pump.

Because insulin alone does not stimulate
pancreatic secretion in the dog,® secretin was
given by continuous intravenous injection
throughout each experiment by means of a
motor-driven pump. The rate of secretin
injection was adjusted to give an estimated
3 to 4 cc of pancreatic juice in 10 minutes
but these limits were frequently exceeded
in practice.

8 t Frisk, A. R., and Welin, G., Acta med. scand.,
1937, 91, 170.

¥ Seott, V. Brown, Collingnon, U. J., Bugel, II. J.,
and Johnson, G. C., Am. J. Physiol., 1941, 184, 208.

10 tLagerlof, H., and Welin, G., Acta med.
scand., 1937, 91, 397.

11 Hart, Wm. M., and Thomas, J. E., Gastro-
enterology, 1945, 4, 409.



28 PANCREATIC SECRETION AFTER INSULIN

The dogs were fed once daily and were
used for experiments before feeding, when
the stomach was generally empty. If any
food residues remained they were removed
through the fistula before starting the ex-
periment.

Pancreatic juice was collected continuously
and divided into separate samples, each col-
lected during a 10-minute interval. After
a control period during which at least 5
10-minute samples were collected with secre-
tin alone, insulin was given intravenously in
doses ranging from 7.5 to 20 units (total
dose). The experiment was then continued
for one hour or longer without further modi-
fication. Blood samples were collected from
a leg vein at intervals throughout each ex-
periment. Blood sugars were determined by
the Benedict method.!*

The volume and specific gravity of each
10-minute sample of pancreatic juice were
measured. Specific gravity was determined
by weighing the juice in a I ml specific gravi-
ty bottle at room temperature. The control
samples and the samples collected after giv-
ing insulin were then poured into separate
containers and the proteolytic activity de-
termined on each group of pooled samples.
The first sample collected and any addition-
al samples obtained while adjusting the rate
of secretin injection were excluded from the
control pool.

Results. Sixteen reasonably satisfactory
experiments were performed. Four experi-
ments were discarded because of technical
difficulties, the most common being the ap-
pearance of excessive amounts of acid in the
duodenal contents. Only those experiments
were discarded in which, in our judgment,
the technical failures materially influenced
the results.

Blood Sugars. The range of control blood
sugar concentrations was approximately the
same in the 3 dogs used. The highest con-
trol value was 95 mg per 100 ml and the
lowest 51 mg. Only 3 were above 70 mg
and 3 were below 60 mg. The doses of in-
sulin were sufficient to lower the blood sugar
to between 30 and 40 mg in most instances.

12 Benedict, 8. G., J. Biol. Chem., 1920, 83, 165;
1928, 76, 457.

In 2 experiments, both in the same animal
(2-46) the blood sugar fell to below 30 mg.
Restlessness, dilation of the pupils, increase
in pulse rate and, occasionally, drowsiness
were observed in association with hypo-
glvcemia. Blood sugar values are recorded
along with other data in Table I.

Changes in Specific Gravity of Pancreatic
Juice. Specific gravity was used as an index
of the nitrogen content of the pancreatic juice
with which it has a linear relation.®* The
nitrogen, in turn, is believed to vary with
the enzyme content.* After giving insulin
the specific gravity invariably increased. The
increase was generally evident in the first
10-minute sample collected after giving in-
sulin and reached a maximum within 30 to
40 minutes. The subsequent decline was
gradual and seldom reached the control level
during the one to 2 hours that the observa-
tions were continued. Detailed data are
given in Table I and a typical experiment is
illustrated in Fig. 1. The significance of the
changes in specific gravity will be more evi-
dent if the estimated values for average
total nitrogen before and after giving insulin
are compared. Increases of well over 100%
of the control value for total nitrogen are
common idmong the average values after in-
sulin. The average values, however, fail to
reveal the full effect of insulin since they
include data on samples collected before the
response was fully developed. In this situa-
tion the maximum values are more signifi-
cant.

Changes in Tryptic Activity. Tryptic ac-
tivity is expressed in Table T in terms of
the velocity constant, k, as determined by
the rate of decrease in turbidity of a col-
loidal suspension of coagulated egg white 516
It is evident that in the 10 experiments in
which enzyme determinations were made the
tryptic activity increased with increasing
specific gravity in all but 2. In one of these

13 Crider, J. O., and Thomas, J. E., 4m. J.
Physiol., 1944, 141, 730.

14 Babkin, B. P., and Tichomirov, N. P., Z. f.
physiol. Chem., 1909, 62, 468.

15 Friedman, M. H. F., in press.

16 Riggs, B. C., and Stadie, W. C., J. Biol. Chem.,
1943, 150, 463.
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Curves showing, in order from above downward, blood sugar, specific gravity of pancreatic
juice, and volume of juice in a typieal experiment with insulin on Dog 1-44, May 31, 1946.

Meaning of arrows:
1. Secretin injection started.

2. Rate of secrctin injection increased from 0.6 mg to 1.0 mg in 10 minutes.
3. Fifteen units of insulin (Mulford) given by vein.

4-5. Traces of acid in duodenal contents.

(note “d” in Table I), the experiment was
on a dog (1-44) in which discrepancies be-
tween tryptic activity, and total nitrogen
as determined by the Kjeldahl method, were
common. Such discrepancies were rare or
did not occur in a considerable number of
other dogs that we have studied and we be-
lieve this dog to be unique in this respect.
In the other instance (Dog 1-46, 6/19/46)
the difference is small and probably within
the range of experimental error.

Efiects on the Volume of Pancreatic JTuice.
In 8 of the experiments summarized in Table

I the average volume of the 10-minute sam-
ples of pancreatic juice secreted during the
first hour after insulin was greater than dur-
ing the control period. In 5 it was less and
in 3 there was practically no change (less
than 0.5 cc). The differences in either di-
rection seldom exceed the normal range of
variation and are clearly not significant.
However, in a few experiments there was a
definite decrease in volume after insulin
which, when it occurred, became more evi-
dent toward the end of the experiment.

Discussion. According to the available
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evidence the changes in visceral function fol-
lowing administration of insulin are caused
by stimulation of the vagus centers through
the influence of hypoglycemia. Qur experi-
ments provide no additional evidence for or
against that view. The occurrence of rest-
lessness and tachycardia in dogs, convulsions
in other animals, and of sweating and con-
vulsions in the human indicates that the
stimulation is general and is not confined to
the vagus or the parasympathetic centers.
The increased output of epinephrin which
tends to counteract the fall in blood sugar
may be taken as a specific indication of stim-
ulation of thoracolumbar sympathetic mecha-
nisms.

In such a situation the effect on the
pancreas, which receives both excitatory and
inhibitory innervation, could hardly be pre-
dicted. It would doubtless represent a sum-
mation of antagonistic influences and would
probably be readily modified by experi-
mental conditions such as anesthesia and op-
erative trauma. It is not surprising, there-
fore, that our results in unanesthetized dogs
are quite opposite to those previously re-
ported on anesthetized, operated animals.
Since they agree with the results obtained
in human experiments they probably repre-
sent the normal reaction of the pancreatic
secretory mechanism to the complex situa-

tion resulting from acute hypoglycemia.

The inhibitory effects of hypoglycemia were
manifest in some of our experiments only as
a late decrease in volume of pancreatic juice
secreted in response to a constant stimulus
(secretin). Babkin! has suggested that these
effects may be due to inability of the pan-
creas to function normally without an abun-
dant supply of carbohydrate for its metabolic
needs. In our experiments the volume, when
low, could be promptly restored to normal
by slightly increasing the rate of secretin
injection. The specific gravity of the juice
remained high in these circumstances. Clear-
ly the pancreas was still capable of normal
function when adequately stimulated. The
decreased response to secretin in these experi-
ments could be attributed to vascular changes
or to preponderance of the inhibitory in-
nervation.

Summary and Conclusions. Specific gravi-
ty and tryptic activity of dog’s pancreatic
juice secreted in response to continuous in-
jection of secretin are increased following ad-
ministration of insulin. The average vol-
ume secreted during the first hour after giv-
ing insulin is not significantly affected. In-
hibitory effects of hypoglycemia described
as occurring in anesthetized, operated ani-
mals are not readily demonstrated in un-
anesthetized dogs.
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Some Effects of Desoxycorticosterone Acetate on Mice Irradiated
with X-rays.*

FriepricH ELLINGER.

From the Laboratory for Experimental Radiation Therapy, Long Island College of Medicine,
Brooklyn, N.Y.

Total body irradiation with X-rays pro-
duces fatty changes in the livers of irradiated
animals.!  We have recently demonstrated

¥ Aided by grants from the John and Mary R.
Markle Foundation, New York, and the Schering
Corporation, Bloomfield, N.J.

1 Ellinger, F., Radiology, 1945, 44, 241.

2 Ellinger, F., Science, 1946, 104, 502,

that the administration of desoxycorticos-
terone acetate protects the livers of mice ir-
radiated with various lethal doses of X-rays
against these fatty liver changes.? It was
noted in addition that there was a decrease
in the mortality rates produced by the pre-
viously used X-ray doses. It is the purpose
of this paper to analyze these phenomena



