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Factors influencing the intestinal phase of pancreatic exocrine secretion in the turkey 
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Abstract. The present study was done to investigate the factors regulating the intestinal phase of exocrine 
pancreatic secretion in the turkey. The intestine of turkeys equipped with pancreatic fistulas was perfused with 
peptone solution, fat emulsion and hydrochloric acid (HC1), and pancreatic flow and protein output were 
measured. Neither peptone solution nor fat emulsion had any effects on pancreatic secretion. HC1 enhanced the 
flow rate of pancreatic juice but not protein output. To clarify the neural mechanism of this phenomenon, the vagal 
postganglionic blocker atropine was continuously infused and pancreatic secretion in response to intestinal HC1 
was measured. Atropine completely suppressed both pancreatic flow and protein output. It is suggested that the 
avian intestinal phase of pancreatic secretion is mainly controlled by cholinergic action though HC1 stimulation. 
Key words. Exocrine pancreatic secretion; intestinal perfusion; atropine; turkey. 

Pancreatic secretion can be considered as the net result 
of four phases of secretion, the cephalic, gastric, intesti- 
naI and humoral phases. In the cephalic phase, sham- 
feeding significantly stimulates chicken pancreatic 
secreation and the effect is abolished by vagotomy 1. In 
the gastric phase, distension of the proventriculus with 
peptone solution significantly elevates pancreatic 
protein secretion in the turkey; this is due to the hor- 
monal control of gastrin releasing peptide (GRP) from 
endocrine cells of the proventriculus 2. The intestinal 
phase is considered to be the most important, because 
the intestine is the source of two major gastrointestinal 
hormones, cholecystokinin (CCK) and secretin. In 
birds, however, this phase has not been well demon- 
strated. In the chicken, dietary supplementation by 
amino acids 3,~ or soybean trypsin inhibitor 5 elevates the 
plasma concentration of CCK. Thus the chicken has 
been considered to have both mechanisms regulating 
CCK release, i.e. luminal feedback regulation as in the 
rat 6 and direct stimulation by certain amino acids as 
observed in dog 7. However, in our previous study using 
dispersed chicken pancreatic acini, physiological con- 
centrations of CCK did not seem to regulate pancreatic 
secretion because the EDso of CCK-8 was 1000 times 
higher than that observed in raft. This fact was also 
confirmed with the CCK analogue, caerulein 9. 
The present study was conducted first to determine the 
intraluminal factor that stimulates pancreatic secretion, 
and second to elucidate the importance of vagal inner- 
vation in anaesthetised turkeys. 

Methods 

Broad breasted bronze turkeys (1.8 2.3 kg; approxi- 
mately 4 months old) were fasted overnight but allowed 
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Figure 1. Intestinal perfusion and collection of pancreatic juice in 
turkey in vivo. 

free access to water. They were anaesthetised with ure- 
thane (1.5 g/kg b. wt; i.p.) and placed in a heated room 
maintained at 37 ~ Figure 1 illustrates the surgical 
method used in the present study. The left ventral side 
of the abdominal cavity was opened and the isthmus 
(the gizzard-proventriculus junction) was ligated to pre- 
vent the entry of gastric acid into the duodenum. Then 
the right ventral side of the abdominal cavity was 
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opened to expose the pancreas and duodenum. The 
major pancreatic duct was cannulated with polyethylene 
tubing (i.d. 1 mm) and the minor one was ligated. The 
duodenum 2 cm distal to antrum and the jejunum 10 cm 
proximal to the vitelline diverticulum were cannulated 
with rounded polyethylene tube (i.d. 3.5 mm) and lig- 
ated tightly. Then the intestine between the two cannu- 
lae was perfused with 0.85% physiological saline for at 
least 2 h  using a peristaltic pump (1.5 ml/mm) until 
basal pancreatic flow became stable. Pancreatic juice 
was collected every 10 min in capillary tubes connected 
to the pancreatic fistula. 
As an index of  digestive enzyme secretion, the protein 
content of the pancreatic juice was determined from 
absorption of  diluted samples at 280 nm and expressed 
relative to a standard of  bovine serum albumin. Results 
were expressed as the precentage of basal rates, using 
the values at 10 min before each infusion as basal. 
The perfusates were: HC1 (100 raM), peptone solution 2 
(4.5% peptone; Sigma, MO, USA) or fat emulsion m 
(corn oil : deionized water : sodium deoxycholate = 
52:46:0.24 (wt/wt/wt); emulsified using a homoge- 
nizer). After three stable basal periods, each perfusate 
was given intestinally for 30 min in random order to the 
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Figure 2. Effects of intestinal perfusion with HCI (circle), fat 
emulsion (square) and peptone solution (triangle) on pancreatic 
flow (upper pannel) and protein secretion (lower panel). Each 
perfusate was given intestinally for 30 rain. Pancreatic juice was 
collected at times 0, 10, 20, 30, and 40 min after changing the 
perfusate from saline. Each point represents mean _+ SE of five 
replicates. Pancreatic flow for intestinal perfusion with HCl at the 
time 20 and 30 min was significantly higher than control level at the 
time 0 rain. 
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same bird (n = 5), and pancreatic juice was collected at 
times 0, 10, 20, 30, and 40min after changing the 
perfusion from saline. Atropine solution H (4 gg/ml) or 
saline as control was infused via a wing vein at the flow 
rate of  2.5 ml/h in random order to the same bird 
(n = 7). 
One way analysis of  variance was applied to the pan- 
creatic flow and protein output in response to each 
perfusate. Statistical significance in pancreatic flow re- 
sponses to HC1 was analysed using a paired t-test. Split 
plot analysis was done for the effects of atropine on the 
pancreatic flow and protein output enhanced by intesti- 
nal perfusion of  HCI, considering bird as main plots and 
time as subplots. All of  the data analyses were done using 
a commercially available statistical package '2. 

Results 

The effects of intestinal perfusion of  peptone solution, 
fat emulsion and HC1 on pancreatic flow and protein 
output are shown in figure 2. Peptone and fat emulsion 
had no effect on pancreatic flow rate, but HC1 signifi- 
cantly (p < 0.05) increased it at 20 and 30 min after 
infusion. HC1 and fat emulsion slightly elevated the 
protein output but the responses were not significant. 
Peptone had no effect on protein output. 
The effects of  atropine on HCl- induced  pancreatic flow 
and protein output are shown in figure 3. There were 
significant changes in both pancreatic flow and protein 
output (P < 0.05). Atropine abolished the HCl- induced 
pancreatic flow and depressed protein output below the 
basal level. 

Discussion 

In the present study, intestinal administration of  pep- 
tone did not stimulate pancreatic secretion. In dogs, 
intestinal administration of  amino acids or oligopeptide 
stimulated exocrine pancreatic secretion through CCK 
release '3. On the other hand, luminal protease activity 
regulates pancreatic secretion via CCK release and this 
occurs in response to the direct stimulation of  pancre- 
atic secretory trypsin inhibitor '4 or CCK releasing pep- 
tide ~5 in rats. The chicken had both mechanisms for 
CCK release observed in dogs and rats. Although pep- 
tone is a crude enzymatic hydrolysate of  protein and 
consists of  a mixture of  protein, oligopeptides and 
amino acids, no significant effects were observed in 
either protein output or flow in turkey. However, 
CCK- l ike  immunoreactive peptides exists in the distal 
part of  jejunum ~6. The intestine used in this study was 
duodenum and upper jejunum, just outside the area 
where CCK-like immunoreactive cells exists. Even if 
released, the concentration of  CCK would be too low to 
stimulate amylase secretion from dispersed pancreatic 
acini in chickens 8. 
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Figure 3. Effect of atropine on HCl-stimulated pancreatic flow 
(upper panel) and protein secretion (lower panel). HCI (100 raM) 
was perfused intestinally for 30 min. Pancreatic juice was collected 
at times 0, 10, 20, 30 and 40 min after changing the perfusate from 
saline to HC1. Atropine (square) or saline (circle) was adminis- 
tered intravenously during the experiments. Each point represent 
mean _+ SE of seven replicates. There were significant effects be- 
tween treatments in both pancreatic flow and protein output 
(P < 0.05). 

lntraluminal  fats are considered to be emulsified by 
vigorous contractions of the gizzard, and are then 
digested to fatty acids and other products. In this study, 
fat emulsion did not stimulate pancreatic secretion. In 
mammals, fatty acids in the intestine stimulate pancre- 
atic secretion ~7'~s. Since the fat used in this study was an 
emulsion of triglyceride, it would appear that fat has no 
effects before it begins to be digested at the earlier 
intestinal phase, Further study is needed to elucidate the 
effect of fatty acids. 
The phenomenon observed in this study, HCI stimula- 
tion of the pancreatic flow but not protein output, 
might be due in part to secretin-related mechanisms. 
Secretin, a major gastrointestinal hormone, is a strong 
stimulant of pancreatic flow and bicarbonate secretion 
in mammals. In birds, however, the potential of chicken 
secretin in stimulating pancreatic flow and bicarbonate 
secretion was considerably weaker than in mammals 19 

and it seems that another mechanism may be responsi- 
ble. Atropine, a vagal postganglionic blocker, was used 

to investigate the participation of vagal nerve in the 
HCl-enhanced pancreatic flow. The pancreatic flow en- 
hanced by HC1 was completely suppressed to basal 
levels by atropine, suggesting that avian pancreatic flow 
is mainly regulated by the nervous system rather than 
by a humoral mediator such as secretin. The effect of 
atropine on protein output, was different from that on 
pancreatic flow. The slight elevation in pancreatic flow 
induced by HC1 was further decreased below the basal 
secretion level by atropine. Thus the vagal nervous 
system may not only mediate HCl-enhanced pancreatic 
flow but may also mediate the basal protein output 
mechanism. According to Campbell et al.2, GRP re- 
leased from proventriculus stimulates pancreatic protein 
output in the turkey. Thus, the porventriculus seems to 
be an important organ regulating exocrine pancreatic 
secretion in avian species. Consequently, avian exocrine 
pancreatic secretion is mainly regulated by the gastric 
phase rather than the luminal phase, which differs from 
the situation in mammals. 

Acknowledgments. We are grateful to Dr. R. I)imaline, Univer- 
sity of Liverpool U.K. for his reading of the manuscript. This 
study was supported by grant-in-aid (04454110) for scientific 
research from the Ministry of Education, Science and Culture in 
Japan. 

1 Kokue, E., and Hayama, T., Poult. Sci. 51 (1972) 1370. 
2 Campbell, B., Garner, A., Dimaline, R., and Dockray, G. J., 

Am. J. Physiol. 261 (1991) G21. 
3 Yang, S.-I., Furuse, M., Muramatsu, T., and Okumura, J., 

Comp. Biochem. Physiol. 92A (1989) 322. 
4 Furuse, M., Choi, Y. H., Yang, S. I., Kita, K., and Okumura, 

J., Comp. Biochem. Physiol. 99A (1991) 451. 
5 Furuse, M., Yang, S. I., Muramatsu, T., and Okumura, J., 

Scand. J. Gastroent. 25 (1990) 1246. 
6 Green, G. M., and Lyman, R. L., Proc. Soc. expl. Biol. Med. 

140 (1972) 12. 
7 Meyer, J. H., Kelly, G. A., and Jones, R. S., Am. J. Phsiol. 

231 (1976) 681. 
8 Satoh, S., Furuse, M., Choi, Y.-H., and Okumura, J., Experi- 

entia 50 (1994) 812. 
9 Choi, Y.-H., Furuse, M., Satoh, S., and Okumura, J., J. comp. 

Physiol. B. (1994) in press. 
10 Takada, R., Saitoh, M., and Mori, T., Agric. biol. Chem. 54 

(1990) 2756. 
11 Singer, M. V., Niebel, W., Uhde, K. H., Hoffmeister, D., and 

Goebell, H., Am. J. Physiol. 248 (1985) G538. 
12 SAS Institute, SAS Users Guide: Statistics, Version 5 edn. SAS 

Institute Inc. Cary, North Carolina 1985. 
13 Stubbs, R. S., and Stabile, B. E.; Am. J. Physiol. 248 (1985) 

G352. 
14 Fushiki, T., Fukuoka, S., and [wai, K., Biochem. biophys. 

Res. Commun. 118 (1984) 537. 
15 Miyasaka, K., Guan, D., Liddle, R. A., and Green, G. M., 

Am. J. Physiol. 257(1989) G181. 
16 Martinez, V., Rodriguez-Membrilla A., Jimenez, M., Go- 

nalons, E., and Vergara, P., Poult. Sci. 72 (1993) 2336. 
17 Demol, P., and Sarles, H., J. Physiol. 275(1978) 37. 
18 Meyer, J. H., and Jones, R. S., Am. J. Physiol. 226 (1974) 

1187. 
19 Dimaline, R., and Dockray, G. J., J. Physiol, 294 (1979) 163. 


