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There is little information concerning 
mechanisms involved with control and inte- 
gration of pancreatic zymogen secretion and 
synthesis. The “secretory cycle’’ as outlined 
by Heidenhain (1875) postulated that 
exocrine cells secrete and then initiate pro- 
cesses whereby product was synthesized. I n  
some manner secretion initiated synthesis 
(1). Hokin and co-workers suggested that 
secretion and synthesis were independently 
controlled processes and that secretion might 
proceed without synthesis ( 2 ) .  The latter 
point of view would receive support if it 
were demonstrated in vivo that enhancement 
of secretion could occur without perceptible 
changes in rates of synthesis. 

This work results from efforts to extend 
previous reports concerning mechanism of ac- 
tion of cholecystokinin-pancreozymin on the 
pigeon exocrine pancreas (3 ) . 

These studies establish three points: (1) 
C holecys tokinin-pancreozymin ( C C K-PZ ) ad- 
ministered intravenously to pigeons in doses 
ranging from 10-100 Ivy units/kg was fol- 
lowed promptly by amylase secretion into 
the duodenum. Increased secretion was ap- 
parent within 5 min, approached maximal 
rates within 20-30 min, and returned toward 
basal rates within 60-80 min. ( 2 )  Amylase 
content of pancreatic tissue from cholecys- 
tokinin-pancreozymin (40 Ivy units/kg) - 

1 Supported by Research Grant AM 13131-01 from 
the National Institute of Arthritis and Metabolic 
Diseases and a Medical Investigator Award from 
the Veterans Administration. 

2 Presented in part a t  the Gastroenterology Re- 
search Forum held in Washington, D. C. May 1969. 

3 Doctor Morisset is a Postdoctoral Research Fel- 
low, National Research Council of Canada and Med- 
ical Research Council of Canada. 

treated birds was less than amylase con- 
tent of control birds. ( 3 )  Cholecystokin- 
in-pancreozymin administration (40 Ivy U- 
nits/kg) was not associated with a demonstra- 
ble increase in incorporation of L-phenylala- 
nine-14C into pancreatic proteins when com- 
pared witth control studies. 

The data demonstrate, a t  least for the time 
periods under consideration, that in vivo 
secretion can be augmented without apparent 
changes in synthesis. The data suggest that, 
perhaps, within physiologic range, cholecys- 
tokinin-pancreozymin acts to alter rates of 
release of pancreatic zymogens (secretion) 
but has little influence over rates of zymogen 
synthesis. 

Materials and Methods. Studies were per- 
formed using white Carneau pigeons (450- 
500 g weight, 6-8 weeks of age) either 
fasted 3 days or fed ad tibiturn ( 3 ) .  All birds 
had free access to water. Variability between 
groups of birds in amino acid-l*C incorpora- 
tion and amylase content in pancreatic tissue 
has been commented on previously (4). 

Cholecystokinin-pancreozymin was ob- 
tained from Gastrointestinal Hormone Re- 
search Laboratories under the direction of 
Doctors Jorpes and Mutt, Chemistry Depart- 
ment, Karolinska Institute, Stockholm, Swe- 
den. Urethane was purchsed from Fisher 
Scientific Company, Atlanta, Georgia. Sources 
of other materials have been described 

Studies of pancreatic amylase secretion. 
Fed pigeons were anesthesized with urethane 
(1.0 mg/kg) given intramuscularly in 1 ml of 
saline. Methods employed for intubation of 
the duodenum and collection of pancreatic 
secretions have been described ( 5 ) .  Amylase 
activity (units) represents amounts of 

( 3 , s ) .  
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amylase secreted per 10-min period of collec- 
tion. 

At the beginning of each experiment, the 
duodenum was irrigated with 150 ml saline. 
The first 10 ml of this washed solution was 
collected and i'dentified as the zero time sam- 
ple. After irrigation of the duodenum, four 
10-min (10 ml each) fractions were collected 
(Fractions 1-4) ; cholecystokinin-pancreozy- 
min was given through a wing vein in 10, 20, 
40, and 100 Ivy unitsJkg doses in 1-ml vol- 
ume of saline; fractions 5-15 collected; a 
second injection !of cholecystokinin-pan- 
creozymin given; and fractions 16-20 col- 
lec teld . 

,~-Phenylalanine-l4C incorporation studies. 
Three pigeons were given intravenously ei- 
ther physiologic saline solution or indicated 
doses of cholecystokinin-pancreozymin dis- 
solved in 0.5 ml saline. The pigeons were 
killed, pancreatic tissue slices prepared, and 
incubated in tissue culture media with 1 pCi 
of ~-phenylalanine-l~C as described (4, 5 ) .  

Assay of protein. Protein content was mea- 
sured using methods described by Gornall et 
at. ( 6 ) .  

Assay of amylase activity. Amylase activi- 
ty was assayed using methods described by 
Bernfeld ( 7 ) .  A unit represents that amount 
of amylase which catalyzes the formation of 
1 mg of malteose in 3 rnin at  30". 

Assay of radioactivity. This has been de- 
scribed previously (4, 8). 

ResuZts. The secretory response of the pi- 
geon pancreas to intravenous pancreozymin 
(5, 10, 20, and 50 Ivy units/500 g body 
weight) is demonstrated in Fig. 1. Amylase 
activity appearing in the duodenum is 
graphed on ithe ordinate, time in minutes 
along the abscissa. Within 5-10 min after 
administration of cholecystokinin-pancreozy- 
min, there was an increase in amounts of 
amylase secreted into the duodenum. The peak 
secretory response was observed within 20-40 
min and within 60-80 min, the rate of amy- 
lase secretion had returned to basal levels. A 
second injection of cholecystokinin-pancreo- 
zymin was given at  160 rnin and again a 
prompt increase in amylase secretion ap- 
peared. The response appeared similar to that 
observed after the initial dose. 

EFFECT OF INTRAVENOUS PANCREOZYMIN 
ON PANCREATIC SECRETION 
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FIG. 1. Rate of amylase secretion into pigeon duo- 
denum after 5 ,  10, 20, and 50 Ivy unitsf500 g body 
weight of intravenous CCK-PZ. Ordinate represents 
time in minutes. indicates time of CCK-PZ injec- 
tion. 

There was considerable variabil'ity from 
bird to bird in amounts of amylase secreted 
after a given dose of cholecystokinin-pan- 
creozymin. However, there was fairly uni- 



730 CCK-PZ EFFECTS ON PIGEON PANCREAS 

TABLE I. Effect of in Yivo  Cholecystokiiliil-Pancreozylllill 011 L-Phcnylala.niiie-"C Incorpora- 
tion by Pigeon Pancreas Slices. 

L-Phenylalanine-"C 

I n  vivo Dose of mg protein 
P Fed or incubation CCK-PZ' No. of - 

f ast,ed" (min) (units) exp.d Saline CCK-PZ % Uiff.' valueg 

Fed  
Fed  
Fed 
Fed 
Fasted 
Fasted 
Fasted 
Fasted 
Fasted 

30 
60 
90 

120 
30 
60 
90 

120 
180 

40 
40 
40 
40 
40 
40 
40 
40 
40 

5 
8 
9 

11 

3 
3 
3 
3 

0 

1038 I+ 171 
I484 k 403 
1604 5 579 
1136 k 499 

1068 5 2 i4  
1534 k 311 
1852 & 452 
970 i- 437 

491 +227  5 2 1 5  86 
593 & 263 548 173 
6 1 2 2  55 629+ 121 
593 k 183 645 5 84 
518 f. 128 454 5 217 

+ 3.0% > O . l  

+15.4% > O . l  

+ 6.1% > O . l  

+ 2.7% >O.l 

+ 3.3% >O.l 

-14.6% > O . l  

+ 7.5% >o.z 

+ 8.970 > O . l  
-13.0% > O . l  

" Fasted or fed pigeons were given either saline or cholecystokinin-pancrcozymin intrave- 

@In vivo incubation period represents time from iiijectioil of saline or CCK-PZ until sacri- 
nously. 

fice. 
Dose of CCK-PZ in Ivy units/kg body weight. 
Number of experiments. 
Pancreatic slices were incubated in  tissue-culture media. and incorporation of L-phenylala- 

nine-'*C into whole tissue protein determined. Mean value & SD. 
Percent difference between saline and CCK-PZ groups. 
Statistical difference between groups of paired animals. 

form response as to onset and duration of 
secretion. 

Table I shows the effects of 40 Ivy units/ 
kg of cholecystokinin-pancreozymin given 
intravenously on ~-phenylalanine-l~C incor- 
poration by pancreatic tissue slices prepared 
from fasted or fed pigeons. Fed pigeons given 
cholecystokinin-pancreozymin (40 Ivy units/ 
kg), and killed after 30, 60, 90, or 120 min 
showed a +3%,+3.3%, +15.4%, and - 
14.6% difference in ~-phenylalanine-l~C incor- 
poration into pancreatic tissue protein when 
compared with control pigeons. Fasted pi- 
geons given cholecystokinin-pancreozymin and 
killed after 30, 60, 90, 120, and 180 min 
showed a +6%, -7.5%, +2.7%, +8.9%, 
and - 13 % difference in ~-phenylalanine-l~C 
incorporation into pancreatic tissue protein 
when compared with control pigeons. There 
was no statistical difference between any 
group for any time period studied. As previ- 
ously reported, fed pigeons incorporated 
greater amounts of L-phenyl alan ine-7 4C into 
tissue proteins than fasted pigeons ( 3 ) .  
These data demonstrate that paired groups of 

pigeons show considerable variability ; for 
example, +15% to -14.6% difference. How- 
ever, there was no pattern of differences, i.e., 
experimental always greater than control, 
despite the fact that up to 11 experiments 
were performed for one time period. Despite 
the rather large distribution #of values around 
zero, it was concluded that there was no real 
difference in amounts of ~-phenylalanine-l~C 
incorporation between fed or fasted pigeons 
given 40 Ivy units/kg of cholecystokinin- 
pancreozymin or saline. 

Three experiments were performed to ex- 
amine effects of intravenous cholecystokin- 
in-pancreozymin, 100 Ivy units&, on L- 
phenylalanine-14C incorporation using pan- 
creatic tissue slices prepared from fed pi- 
geons. There was no difference between con- 
trol and cholecystokinin-pancreozymin- 
treated groups when the animals were killed 
90 min after injection (control, 1320 cpm/mg 
protein ; cholecystokinin-pancreozymin, 1220 
cpm/mg proteins). 

Three experiments were performed to de- 
termine whether the present batch of 
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cholecystokinin-pancreozymin used in these 
experiments would elicit an enhancement of 
pancreatic protein synthesis as previously re- 
ported (3). A 177% increase in rates of 
~phenylalanine-l~C incorporation into whole 
tissue proteins was obtained when 3-day 
fasted pigeons were given 100 Ivy units& 
of chaolecystokinin-pancreozymin and killed 
90 min later (control, 450 cpm/mg protein; 
cholecystokinin-pancreozymin, 12  50 cpm/mg 
protein). These studies confirm our previous 
report (3) .  

Table I1 shows amylase content of pm- 
creatic tissue obtained from fed pigeons given 
saline or cholecystokinin-pancreozymin. For 
all times groups (30, 60, 90, and 120 min) 
amounts of amylase per milligram tissue wet 
weight were less in birds pretreated with 
cholecystokinin-pancreozymin when com- 
pared with thtose given saline. Thus, not only 
was secretion obtained, but secretion was of 
sufficient magnitude to result in decreased 
amylase content of the tissue. 

Discussion. The secretory studies were per- 
formed to answer three questions: (1) Does 
porcine cholecystokinin-pancrmyzmin have a 
secretory effect in pigeons? (2) When is 
secretion initiated after intravenous cholecys- 
tokinin-pancreozymin? (3 ) What is the dura- 
tion of this response? These findings 

TABLE 11. Amylase Content of Pancreatic Tissue 
from Pigeons Given Cholecystokinin-Pancremqmin 

or Saline." 

Amylase unitsd 
~ ~~ 

In vivo 

(min) exp.O Saline CCK-PZ Diff." 

mg tissue wet weight 
inciibationb No. % 

30 3 14.0 2 2.0 6.6 2 1.7 -53% 
60 2 10.8 2 0.4 7.4 & 0.3 -31% 
90 4 12.0 1.2 6.0 2 0.9 -49% 

120 5 12.4 2 2.0 7.8 -t. 1.0 -36% 

"Fed pigeons given saline or  CCK-PZ, 4 units/ 

&In vivo incubation period represents time from 
kg iv. 

injection of saline or OCK-PZ until sacrifice. 
Number of experiments. 
Amylase activity of pancreatic tissue. Mean 

Percent difference between saline or CCK-PZ 
value +- SD. 

treated groups. 

document the temporal secretory response of 
the pigeon pancreas to 10, 20, 30, 40, and 
100 Ivy units/kg of porcine cholecystokin- 
in-pancreozymin administered intravenously. 
Not only was secretion initiated after 20 Ivy 
units of cholecystokinin-pancreozymin, but 
sufficient amylase was transported from the 
pancreas to effect a decrease in total amylase 
con tent. 

Forty Ivy units/kg doses of cholecystokin- 
in-pancreozymin when given to fasted or fed 
pigeons were not associated with measurable 
increases in ~-phenyIalanine-l~C incorpora- 
tion into pancreatic tissue proteins. In  addi- 
tipon, 100 Ivy units/kg doses of cholecysto- 
kinin-pancreozymin to fed pigeons were not 
associated with detectable increases in 
arnoun ts of ~-phenylaIanine-l*C incorpora- 
tion. 

We were able to elicit increased L-phenyla- 
lanine-l*C incorporation only when 100 Ivy 
unitsjkg doses of cholecystokinin-pancreozy- 
min were given to previously fasted pigeons. 
These experiments agree with previous obser- 
vations showing 100 Ivy units/kg doses of 
cholecystokinin-pancreozymin administered 
to fasted pigeons effected an increase in 
~-phenylalanine-l~C incorporation of 126% 
after 60 min, 200% after 90 min, 60% after 
120 min, and 30% after 180 min of in vivo 
incubation (3 ) .  

One problem basic to exocrine cell function 
concerns the manner in which processes of 
secretion and synthesis are integrated. Hei- 
denhain suggested that after stimulation 
exocrine cells secrete and then synthesize new 
product. Hlis morphologic observations have 
been interpreted by some to suggest a feed- 
back mechanism whereby synthetic processes 
were activated after decreases of stored pro- 
duct. On the other hand, Hokin and co- 
workers suggested on the basis of observa- 
tions derived from in vitro systems that 
secretion of zymogens could occur without 
measurable increases in rates of zymogen 
synthesis . 

It is far easier to describe rather than 
explain these 'observations. However, ilt seems 
plausible to suggest that the gastrointestinal 
hormone, cholecystokinin-pancreozymin, acts 
primarily as a secretogogue or releasing 
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factor and that the hormone has little influ- 
ence on rates of protein synthesis. 

ConcZusion. Studies of effects of cholecys- 
tokinin-pancreozymin on pancreatic secretion 
and synthesis have revealed the following: 
40 Ivy units/kg iv to fed or fasted pigeons, 
enhances secretion without an effect on syn- 
thesis; 100 Ivy units/kg to fed pigeons, en- 
hances secretion without change in synthesis; 
100 Ivy units/kg doses to 3-day fasted pi- 
geons, enhances secretion as well as synthe- 
sis. In  order to elicit a synthetic response in 
the pigeon with intravenous cholecystokin- 
icn-pancreozymin, large doses as well as pre- 
viously fasted animals were required. 

These studies indicate that secretory and 
synthetic responses can be disassociated. The 
results support the thesis that while synthe- 
sis and secretion frequently change in a par- 
allel fashion they can be disassociated and 

most likely, therefore, have independent, 
though integrated, control systems. 
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