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ABSTRACT

Ten Yorkshire.x Lacombe barrows (30 kg average
liveweight) were successfully prepared for collection of
pancreatic Jjuice with dréining and re-entrant cannulas. The
procedure invblved the construction of a duodenal pouch at
fhe pancreatic duct nd end-to-end anastomos - of the
duodenum. Success with this procedure is attributed to
fistula lo*;fion( onc-way valve design of gbe re-ent.ant .arm
of.tﬁe cancula an’ orecautions taken to minimize the
format .o ol inira-abdominal adhesions.

. "hree «xpe - ‘ments were conducted at the Uni&ersity of
Albe: ta Metc . lic Barn utilizing the ten sﬁrgically altered
pigs to determine the effect of diet and feeding on
pancréatic secretions. In the first two experiments,
pancreatic juice was collected between meals from 6 pigs fed
partiéllY‘pur'fiéd (..ets in 2 meals per day. In.Experiment 1
(3 pigs), dietary treatment had no effécf'(P > 0.05) on
volume or p;oteinucontent. Lipase activity increased 6-fold
(P < 0.05) with tﬁe feeding of iO% tallow as combareqﬂto 2%
tallow inclﬁded in the diets. Trypsin, chymotrypsin and
amylase activities decreased 2-fold (P < 0.05)’with the

' .
absence of dietary protein. In Experiment 2 (3 pigs),
dietary treatment had no effect (P > 0.05) on volume. All
four enzyme activities'and protein content decreased with
the absence of dietary,protéin (P < 0.05). It was concluded

that enzyme cqmpoéition changes in response to diet.
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In a third experiment, pancreatic jlice was collected
for 24 h collection perjods‘from 4 pigs fed a grower diet in
one meal, two meals or three meal:‘per day. A trend (P -
0.05) for increased-volume, protein and all four enzyme
activities after feeding was observed. Daily Qolume tended
to increase (P < 0.01) by 0.5 1 with each additional meal.
Frequency of feeding had no effeét (P > 0.01) on protein
§ecretion and pr;teolytic enzyme'activities. Amylase
activity increased 2-fold (P < 0.01) with each addit'onal
meal. Lipase activity was higher (P < 0.01) when Lbic;~ were
fed one meal per day as compared t; two meals per dev.
Feeding stimulated pancreatiq.secretioh and f}equency of
féeding increased daily volume and amylase activity.

Key Words: CANNULATION, DIET, FEEDING, PANCREATIC ENZYMES,

SWINE
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INTRODUCTION
- The pancreas secretes-a clear, viscous solution with an

osmolarity similar to that of serum into the proximal

duodenum, where’it is miked'with intestinal contents. This
solution consists of two fractions. The aqueous fraction
buffers stomach acid so that the enzyme fraction can promote
digestion. N

Wate£ gnd electrolytes are secreted from the pancreas
by the epithelial cells oféthé intercalated duéts. The four
predominant électrolytes.are sodium{ potaésium, bicarbonate
and chloride. The bicarbonate concentration 6f pancreatic
'secretions can be three to four times greater than that in
‘serum and has been found to increase with the rate of
panCréatic secretion while chloride concentration decreases
to maintain a constanf Oosmo.arity. The bicarbonate-chloride

exchange is an active process within the ducts. The high

concentration of bicarbonate ion helps to neutralize the

-
ST e b e Sh
PR IS ) o 3 e Jer

acid chyme so that digestive enzymes can act at their

optimal pH.

AR N e S e B

The digestive enzymes of the pancréa§ are capable of

ifaéilitating the hydrolysis of proteins, carbohydrates and

BA N

fats to simple molecules. that can be readily absorbed by the

small intestine. The enzymes are stored as inactive y §
precursors in zymogen granules in the apex of the acinar ﬁ// %
cells within thé_pancreas. / ié

The major proteolytic enzymes are trypsin, chymotrypsig 3

SOUPERY 'S

arid carboxypolypeptidase. They are synthesized and secreted

»
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in their inactive forms as proenzyfes. Trypsinogen,-the

trypsin proenzyme, becomes activpted upon secretion into the
duodenum by enterokinase, an engyme produced by the
intestinal mucosa. Trypsin is autocatalytic and activates
. -
remaining -

i

tryﬁg1nogen. Tryp51n also activatés the
proenzymes. The proteolyt1c enzymes are resp8h51b§§2forlthe ,
hydrolysis of whole and partially dlgested protelns’into '
small peptides and free amino acids.

The digestive enzyme'that hydfolyzes carbohydrates such
as starch and glycegen to form dissacharides is a-amylase.
it is activated by chloride ions. | |

Lipase hydrolyzes triacylglycerois releasing long'cﬁain
fatty acids. It hydtolyzes most fet to form . |
2—monoacylglycetol$ as weli es, diacylglycerols, giycerol
and free fatty ac1ds. Collpase prevents bile salt
1nact1vat10n ‘of llpase.

Thus, the digestive enzymes of the pancreas play a

major role in nutrient absorption. They contribute to the

breakdown of diverse, complex molecules of dietanyf

o
~

components 1into simple molecules suitable for absorption.
The study of the exocrine pancreas has developed from

in vitro methods using slaughter techniques to successful,

- longterm in vivo measurements to quantltate pancreatic

secretions. Cannulation has glven access to pancreatic

secretions with minimal interference to normal digestive

function. ‘



The major objectives of this work were to develop ‘a
C ! .
method to collect pancreatic juice from the growing pig. and
to investigate the enzyme fraction of pancreatic secretions

in response-to diet and feeding:

i
¥
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I. RE-ENTRANT DIVERSION QF PANCREATIC SECRETIONS

Es

A. Abgtract

A surgical procedure was devgloped\}o permit collection
of pancreatic juice from conscious, unre%trained pigs. A

: \

cannula was used to conduct pancreatic juﬁce from a small
isolated segment of duodenum at the pancreatic duct, through
permanent intereosfal fistulas, and back iﬁto the duodenum
within 3 cm of the‘normal entry point for p§ncreatic juice.
Success with this procedufe is'atéributed tg fistula
location,‘ohe-way Qalve design of the re-entrant arm §f the
cannula and précautionsvtaken:to minimize thebformation of
intra-abdominal adhesions. Pancreatic juice was collected
from 3 barrows (35 kg average initial weight) which were fed
cornst%rch;based diets twice daily, 0.9 kg each meal,.12 h
apért for a 6 week period. The average daily yolume of
pancreatic .juice secréted was 3.8 + 0.9 1 yhich'ébntained
14.4 = 3.5 g protein. A 12 h secretion profile related to
meal time, showed a éonsistently répedﬁéd response pattern
to feeding. Secretion rates increased within the first 3 h,
peaked during 3-7 h (P < 0.05) and decreased to baSal rétes
during the last 5 h. Secretions obtained from blind 5 cm -
duodenal pouches did not exceed 20 ml per day. During the
four month study, pancreatic secretions were persistent angd
meal induced secretion patterns were sustained. Cannulas

were still functional when pigs achieved liveweights greater

than 100 kg.
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B. Introduction
Studies on the infiﬁence of diet‘on the exocrine
pancreatic secretign of gréwihg pigs Have been hampered by
~the premature lﬁss of pandreatic,duct catheter patency
(Partridge et al. 1982) . “Such practical.problems have
precluded long term studies for’a§sessing the relative role
and adaptive capaﬁility ég‘the ekdﬁfine pancreas in
digestion. An élt;rnativé:was sought for chronic cannﬁlation
of the pancréatic duct in order. to overcome the difficultieé
of interpreting resuLEs obtained in short-term studies.
Two;basic apppoaches have been used to collect
pancreatic secretions in expepimental animals: (1) direct
caﬁnulation of thezpancreétic cht and (2) collection of
pancreatic juice fgom a duodenal pouch. Thomas (1959)
reviewed the use of these~£wo approaches in dogs. Direct
Lcanhuiatioh'procgdufes have .been described for rats (Love
119575,‘5heep (Taylo; 1960), swine (Pekas 1965), cattle (Wééé
- 1965a) and péultry (ﬁﬁlan et.al. 1972). However, this
approécﬁ was found to be of limited success in growing pigs
-(Corring ef al. 1972) as pancreatic juice could be collected
for. only 1 or 2 months following surgery. Corring (19805 and
co~wor£ers adopted this approach on the belief that the
ﬁrauﬁa of direct duct cannulation was not as great aé that
caused by duodenal pouch formation and.intestinal

anastomosis.

s
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Recently, Zebrowska et al. (1981) attempted an
intermediate approach by preparing a duodenal pouch and
connecting the remaining ends of the duodenum with a
re-entrant cannula. Unfortunately, these‘workers did not
reconstruct the duodenum and may ﬁave compromised pancreatic '
function by possibly altering the rate of passage through
their re-entrant cannula.

A procedure was devised that reduced problems
previously associated with cannulation to collect pancreatic

juice in growing pigs.
C. Materials and Methods

Cannula design ;
Cannulas were made from preformed Silastice components

(Dow Corning Corp., Midland, Michigan) énd aésembled with

RTV silicone cement (Figure I.1). PolyvinYl alcohol foam

«(Ivalone sponge) was purchased from Unipoint Industries

Inc., High Point, N.C.

Animals

Three Yorkshire X Lacombe barrows (28 kg average
liveweight) were obtained from the.University of Alberta
swine herd. Pigs were housed individually in 0.5 x 1.0 m
stainless steel metabolism crates in an air conditioned and
light controlled barn (continuous light, air temperature 23

[ 3

+ 1 °C) one week prior to surgery and fed an 18% crude
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protein pelleted starter diet (Table I1.1) ad ]ibitum. Water

was supplied ad Jibitum from a low pressure drinking nipple.

Surgical procedures

Pigs (30 kg averagéiliveweight)'wére starved fqr 36 h
and énesthetiéed with'halothane—oxygen through a face mask.
No premedication was used. Aseptic technique and standard
surgicai procedures were followed. _ . C

The pig was placed in left laterél recumbency,'the
right thoracic and abdominal wall was clipped with a #40
blade, scrubbed with providone iodine solution, rinsed with
~70% ethanol and draped.

A°15 cm incision was made caudad and parallel to the‘
last rib through the skin and the external abdominal oblique
muscle. Tﬁe remaining two muscle laYers were split by blunt
dissection and the peritoneum was cut parallél ta_the
incision. Thereafter, 250 ml of steri;e salineﬁwere»poured
into thelﬁeritoneal cavity.

The right side of tﬁe ribcage was elevated and the
proximal duodenum was retracted wifh intestinal forceps.
Saline moistened Telfao pads,'10 cm?, (Kendall Canada,
Toronto, Ontério) were placed over the wound edges beneath
the exposed section of duodenum. The pancreatic dugt,
1dcated approximately 15 cm from the pyloric sphincter where
the pancreas is most closely attached to the duodenhm, was

identified within pancreatic tissue by‘gehtle palpation.



A 4-6 cm section of'duodenpm which received ﬁhe
pancreatic duct was isolated to prepareAé pouch. The
duodénum was clamped tigﬁtly 2-3 cm caudal to the pancfeatic‘
duct with two 18.5 cm nontraumatic Bainbridge vascular
'ciamps (Figu:e'I.Z, A) and transected. If major ;Z;sels
could not be avoided, these were ligated with 3-0 silk
before the duodenum was transected between the clamps. The
proximal end of the duodenum, which wag clésea with 2-0
chromic gut by a Parker-Kerr oversew, formed the bottom of
the duodenal pouch.

The intéstinal contents of the pouch that was being
prepared were evacuated by gentle, retfograde massaging. A
pair of clamps was placed 2?3‘cm‘anteri6r to ‘the duct
(Figure 1.2, B) and the duodenum was transected between the
clamps. A single‘purse string (2-0 chromic gut) was placed
around the opening of the pouch and the draining arm of the
cannula was ihserted and secured. As the draining arm of the .
cannula filled with pancreatic juice, care was takeﬁ tg
divert the secretiohs away from the abdominal cavity.

The completed pouch was gently reflected dorsally and
the remaining duodenum was anastomosed with one Iayer of
interrupted invéfting'hattress sutures of 3-0 gutkag 3 mm
intervals (Figures.I.B, I1.4). A 2 cm oval purse string (2-0.
chromic ght) was placed 1 cm orad to the anastomosis on the
antemesenteric side to secure the re-entrant arm of fhe

cannula. The pouch and draining arm of the.cannula were

rinsed of small blood clots and mucus by passing.a small



cafgheter through the cannula and flushing with saline. Tﬁe
c;nhula was exteriorized through stab wounds'betweén the
last 3 ribs 15 cm dorsal to the costochondral junction with
the re-entrant arm of the cannula posiﬁionea caudally. The ~
- pouch and the anastomosed duodenum (Figure I.5) were held

-

against the peritoneum by the cannula which was secured

against the skin with the rigid washers and retaining rings
(Figure 1.1, #3,4). Before closing the abdominal cavity, 200
mg oxytetracycliné hydrochloride ‘and an additional 250 ml of

!/

sterile saline were intrdduced into the peritonegl cavity.
Thus, a tbtal'oﬁ 0.5 1 of saline was delivered in an attempf
td maintain the animal's fluid balance.

| Following surgery, the pigs were allowed to ;écover,in
raised pens with plastic coated wiremesh flooring and a,heat
lamp‘placed‘directly overhead. Wateriahdlthe starter diet
were supplied ad Jibitum. The next day.pigs were moved to
metabblism crates in the same barn and weré offered fhe
starter diet ad Jibitum for 2 weeks to attain a liveweight
of 35 kg. Thereafter, they wére fed cornstaf;h—based diets

. (Table 1.2), 900 g twice daily: at 0800 and 2000 h for 6

weeks. Water was supplfedféd libitum.

" Collection of pancreatic Juice o v
.Colleétion of pancreatic juice involved disconnection
of the re—entrént‘cannula and attachment of extension tubiﬁg
(3.2 mm id X Z_ﬁ). Straight stainless steel tubing (5 cm)

was used to attach the cannula to the extension tubing. To
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prevent entanglement and to enable unobstructed continuous

c8llectlon the extension tubing was taped to the base of

F by gravity f1low

every hour to prevent dehydration due to ‘the loss of

the tail. Pancreatic juice was reintroduce

electrolytes via pancreatic secretions (Thomas 1959) and to
minigize hypersecretion (Corring 1974). Collections were
made every 2 weeks on days 9 (0800h to 2000h) and 13 (2000h

to 0800h) from three pigs over a 6 week period.

D. Results andHSiscussion

The entlre surgical procedure was chpleted within 1 h
and pigs usually regained consc1ousness ﬁlnutes after
.d15cont1nu1ngwanaesthe51a. Recovery from surgery was rapid
and ‘uneventful. Plgs started consuming the starter diet and’
drinking water within 12 h after surgery and all pigs
consumed more than 1.5 kg diet per day within the week
following surgery. Pigs»usuélly-passed hard dry feces within
theﬁweek aS»they begen to’increaée their consumption of the

: .
.starter diet.

Post- surg1ca1 comol1catlons were encountered in the
initial cannulations. These‘were-characterized by
'in;ppetance and vomiting which were the consequence'of‘
intestinal tract,blockage secondary to.inﬁraiabdominal
adhesion formation. These complrcations required repeated
surgery, but'carried a poorrprognosis. Formation of

adhesions were prevented by modifying the surgical procedure

to minimize abrasion and contact .with rough surfaces.

/

P ’t. N



_.The duodenum azd pancreas can be adequately eqused

'

througﬁ the approach that was previously described. However,

considerable variability in the length of the mesoduodenum

was found which at times seridusly hamperedfthe surgica;
procedure. Manipulation‘of the i?testines was made easier by
pouring sterile saline (at rqu temperature) into the
peritoneal Eévify at the béginning of sﬁrgery causing smooth
muscle contraction and increased tone of the gut. The smooth
contact surface provided by the Telfae pads (or -adhesive
drapes) further reduced tissue damage..Surgical gloves with
a‘ﬁextufed’finish should be avgided.' 'ﬁ? | ‘
Hemostasis was méint;iﬁed by ligatiﬁé ajor blood
vessels and by using vascular clamps wheﬁ trénsecting the
duodenu%. The parrow clamps crushed £ﬁe blood vesséls,
prevented slippage of the clamped intestine and reduced
tissue loss. |
? During preparation of the anastomosis (Figure‘1.4),
contact between the viscera and the.crEshed"ehdé of the
duodenum was avoided and suture kngts were hidden between
the serosal layers of the two ends of duodenum by using
interrupted inverting matt;esé sutures. This procédure
prevented formation of adhesions between]the_anaétomosed
duodenum and adjacent viscera. The use-of three stay sutures
provided for easier manipulation of the duodenum when the
clamps’were removed to finish the anastomosis. Byiténting

\\\ 3 . v ’
the duodenum with the middle and opposing stay sutures, the

two edges of the duodenum that remained to be anastomosed



were brought-into”close oppos&tion. This pfevented
intestinal contents from leaking out into the abdominal
cavity.

The final ‘instillation of saline into the, abdominal
cavity probably helped to re-establish the normal alignment
of the viscera once the animals regained consciousness and
stood on their feet. Following anaesthesia, all pigs were
'ambulaﬁo;y within 15 min after surgery. The use of longer
actigg barbituate anaeéthesia»could lead to a longer peridd
ofnrecumbency and might promote the formation of intestinal

dhesions and subsequent comg;icationé, v

Post-mortem examinations were carried out 4 months
later when the pigs achieved liveweights greater than 100 kg
N , . .
aqd became too large for the mastakolic crates. No evidence
of intestinal adhesions was found,‘but there were excellent
adhesionsﬁbetween the pariet;l péritoneqm, the pouch, and
the anastomosed duodenum. There wzs no"dif%tation of the
pouch and‘the mucosa showed no evidence of irritation or
damage. | } 5

In earlier preparations, the pouch was sutured to the
anastomosed duodenum to prevent twisting and sfretching of
the vaécula; attachments. However, at times a fistula formed
allowing pancreatic juice to flow directly into the
duodenum. Adhesions between intestinal loops will fistulate
and can permanently alter the direction of intestinal flow.

Fistula formation is not uncommon at adhesion sites and may

explain inconsistent results in some studies involving the
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Qse of gastro-intestinal cannulas. Similar compchationsl
have been obser~ =d in sheep fitted with intestinal cannulas
ét the Univérsity of Alberta‘(R; J. Christopherson, personal
communication). Post-mortem examination of surgically.
éltered animals should be carried 6ut routinely.
Considerable variability has been reported in
pancreatic duct anatomy in pigs. Embryologically, the
pancreas is derived from two separate primordia. One
primordium érises‘dorsally, directly from the duodenél
entoderm; the other arises ventrally, from the hepatic -
diverticulum. These two primordia eventually fuse to form
the pancreas. In the pig, the terminal portion of the_
pancreatic duct associated with the common bile duct
gtrophies to become a remnant.leaving.the accessory
pancreatic duct as the definitive duct draining the pancreas
(Patten, 1948). Vodovar et al. (1964) obséryed that in 50
Large White pigs, 9 had both ducts, 2 had drainage intd the
4qOmmoﬁ.bile duct and 39 had a single duct joining the
duodenum. Wass (1965p) examined the pancreatic duct system
in 15 pigs of mixed breeds using an x-ray fechniQue
following injection of a radiopaqﬁe contrast medium into the
pancreatic duct. Only the normal pancreatic duct was
functional in each pig and no abnogmalities weret found.
Examination of 30 pigs from the University of Alberta swine
herd showed that the pancreatic duct was entirely embedded
in pancreatic'tissué and could be discerned through gentle

palpation. No duct abnormalities were found upon dissection.
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The cannula used in the present studies incorporates
severél important design features. The retaining rings and
washers are necessary to immobilize the Cannula>and hold the
dhodenum tightly against the body wall to prevent twisting
of the intestine. The polyvinyl alcohol foam reduces
stretching of intercosta)! fistulas and subsegquent leakage
which can cause irritati n and rubbing due to an alkaline
dermatitis as was described by Scott (1940). Without the
rigid internal‘washers and polyvinyl alcohol foam, the pigs
would rub against the plexiglass wall of the métabolism
crate- and eventually dislodge the cannula. In further
studies, the édhesivg bond between the polyvinyl chloride
washers and the silicone rubber tubing was found to b§
unreliable. Pigs that made a habit of rubbing againsﬁ the
plexiglass wall of the metabolism crate broke the bond
between the washers and tubing of the cannula. A further
improdeﬁent of the cannula can be madé by adapting the
design fo a one piece cannula which would eliminate the
bonding probleﬁ.

A one-way valve in the cannula is important. Pekas
k1965) found in pigs with re-entrant ;ahnulae that during
intervals of.high peristaltic pressufes in thé duodenum -the
flow of secretions reversed and ‘ingesta passed into the
pancreas. A 30% mortality occurred when bile was injected.
into the pancreas via the paﬁcreatic‘duct (Landy, 1966); The'
thin éilicone rubber valve at thé.re-entrant port of the

cannula preyehted backflow of digesta, but created littie



g e

15

resistance to flow ( < 6 mm pancreatic juice).

The perforated basket on the draining port of the
~cannula ensured uninterrupted flow without damaging the
mucosa. The dimensions of the silicone rubber tubing were
adequate to prevent occlusion yet sufficient to avoid
irripétion. The flow of pancreatic juice was continuous even
when pigs lay directly on the tubing, |

Pancreatic secretions were not interrupted by surgery.
From one pig, 800 ml were collected between 16 and 22 h
after surgery. This amount compared very favorably fo
subsequent collections. The secretions were clear, flow was
a continuous drip and the avérage pH was 8.4. Volume and
" protein content were consistent from day to day. The rate of
secretion of pancreatic juice following each feeding shbwed
a characteristic profile (Figure I.6). Post-prandial flow
rates increased within the first 3 h. Maximum volumes were
Secre id within 3-7 h and were'followed by a decline during
the &ast 5 h. Secretions during 2-7 h were significantly
.greéter‘than during 8-12 h (P < 0.05). The averagé daily
collection was 3.8 + 0.9(18) 1 (mean * SD) which contained
14.4 + 3.5(18) g (mean * SD) protein. Dietary freatment had
no effect (P > 0.05) on daily volume or protein content. To
measure the secretory contribution 2y the duodenal pouch,
two pigs were prepared usihg the same surgical procedure,
but thé pouches were made from portions of the duodenum on

either side of the pancreatic duct. Flow from the blind

. >
pouches appeared to be constant, but volumes.did not exceed

(34
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10.m1 over 12 h. Hence, less than 0.5% of daily collections
were of extra pancreatic origin.

Considerable variation has been reported in the
literature for daily volume and protein content of
pancreatic juice (Table 1.3). Values observed in t;Z\pngsent
studies for three pigs during their growth from 35 to 50 kg
fall within the range of values reported in the literature.
Although a comparison of these reports is coﬁfounded'by feed
intake, diet composition, pig weight and'subseguent growth

rates, the collection of pancreatic juice from a duodenal

pouch is a promising alternative to direct duct cannulation.
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TABLE 1.1. Formulation and partial chemical composition of the
starter diet.

Ingredients(¥ as fed):

Wheat ' 25.0 .
Barley 25.0
O« groats - 4 y ‘ 25.0
Soyhean meal 18.0
Talliow 3.0
Calcium phosphate i 1.0
Cal- um carbonate 1.0
Iod.. ‘d salt \ 0.5
Vitan. n-mineral premix' 1.0

Cher. . cal analyses:

Ory Matter (%) 86.5
Gross Energy(MJ/kg) 16.7
Ether Extract(%) 5.6
Crude Protein(%) 17.5
Ash(%) 4.3

The premix provided the following per kg of diet:
(1) minerals - 120 mg zinc, 48 mg manganese, 100 mg
iron, 10 mg copper, .1 mg selenium;

(2) vitamins - 7500 IU vitamin A, 700 IU vitamin D,,
45 IU vitamin E, 12 mg riboflavin, 40 mg niacin,

25 mg pantothenic ‘acid, 28 ug B,:.
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" TABLE 1.2, Formulation and partial chemical composition of the
high fat, control and protein-free diets. :

Diets: High Fat Control Protein Free
Ingredients(¥% as fed):
Cornstarch | 38.05 46.05 78.70
Soybean meal 33.30 33.30 -
Dextrose 10.00 10.00 10.00
Cellulose’ 5.00 5.00 5.00
Tallow 10.00 2.00 2.00
Calcium phosphate 1.40 1.40 2.40
Calcium carbonate 0.70 0.70 0.40
Trace mineralized
salt? 0.50 0.50 0.50
Vitamin-mineral :
prem1x .00 1.00 1.00
Methionine 0.05 0.05 -
Chemical anal yses:
Dry Matter(%) 90.51 90. 90.64
Gross Energy(MJ/kg) 17.66 15.69 14.90
Ether Extract(%) 9.74 .52 .50
Crude Protein(%) 14.80 14.47 0.30
Ash(%) 4.97 4,54 3.30
' Alphafloce, Brown Company, Berlih,
2 Supplied by Qindsor Salt Co., Toronto, Ontario.
Composition(percentage): 96.5 NaCl, .40 2zZnO,
.16 FeCC,;, .12 MnO, .033 CuO, .007 Ca(10,;).,
.004 Co0. :

2 The premix provided the following per kg of diet:

(1) minerals -
-iron, 10 mg copper,
(2) vitamins -

11 IU vitamin E,
.6 mg folic acid,

acid, 1.1 mg pyridoxine,
11 Ug B12!

thiamine,

100 mg zinc,

1300 IU vitamin A,
2 mg menadione,
12 mg niacin,

20 mg manganese, 150 mg
mg selenium; '
150 IU vitamin D,,
.1 mg biotin,

11 mg pantothenic
2.2 mg riboflavin, 1.1 mg
55 mg choline chloride.
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Figure L.1. Pancreatic cannula

(1) connector

(4.8 mm X 2.8 mm #304 stainless steel tubing)

(2) draining:and re-entrant arms of cannula
(3.4 mm X 6.4 mm silicone rubber tubing)

(3) retaining rings
(6.4 mm X 9.5 mm silicone rubber tubmg)

(4) ngud washers
(2.0 mm polyvinyl chloride)

(5) collars _‘
(2.0 mm polyviny! alcohol foam)

(6) basket _
(6.4 mm X9.5 mm silicone rubber tubing)

(7) one-way valve
(0.2 mm silicone rubber sheeting)
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11. EFFECT OF DIET ON PANCREATIC SECRETIONS

Ly

A. Abstract

| Two experiments wcre coqductea to determine thé
relationship between diet composition and pancreatic
exocrine secretion in pigs that‘were'surgically prepared for
cdilection of pancreatic-juice. In the first experiment, 3
barfows (35 kg average initial weight) were fitted with
pancreatic cannulas and used in a randomized complete block
design. The three‘pigs were fed one of three
cornstarch-based diets (HF, high fat - 14% crude protein,
10%Atallow; c, contfol - 14% crude protein, 2% tallow; PF,
protein-free - 0% crude protein, 2% tallow) at 0800h and
2000h, 0.9 kg each meal, for a 14-day period for each diet.
Pancreatic juice was collected on days 9 (0800h to 2000h)
and 13 (2000h to 0800h) of each test period. Dietary.
treatment had no effect (P > 0.05) 5n volume or brotein
content. Lipase activity increased 6-fold (P < 0.05) with
the feeding of 10% tallow as compared to 2%}téllow included
in the diets. Trypsin, chymotrypsin and amylase activities
decreased 2-fold (P < 0.055 with the absence of dietary
protein. In the second experiment, the control and
protein-free treatments wefe rebeated with another 3 barrows
(35 kg average initial weighf) fitted with pancreatic
cannulas. Dietary treatment had no effect (P > 0.05) on

vo;jﬂg\ All four enzyme activities and protein content
de rg&igé with the absence of dietary protein (P < 0.05):. It

28
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was concluded that enzyme composition changes in response to
diet.

Key Words: CANNULATION, ENZYMES, PANCREAS, SWINE

B. Introduction

Pancreatic secretions contribute to the hydrolysis of
dietary proteins, carbohydrates and lipids. The—principal
pancreatic eniymes (trypsin, chymotrypsin, amylase‘and
lipése) break these major constituents of thé diet down to
smallér molecules that can be readily absorbed by the sﬁall
intestine. Déficiencies in pahcreafic enzymes or intestinal
enterokinase can lead to malnutrition And growth faiiure
(Haworth et al. 1971,5Tariow et al. 1970). I; pigs, the
apparent diééstibility of nifrogen and energy decreased by
12.9% and 3.1%.respeCtive1y,.5 days following diversion of
pancreatic juice (Corring and Bourdon 1976). Corring and_
Béurdon (1977) found>a larger reduction in apparent
digestibility of nitrogen and energy, namely 35.6% and 12.1%
ﬁrespectiVely, within 25 days after ligature of the
pancreatic duEt. Théy reported ‘a cpmpensation 87 days after
pancreatic duct ligature; but the origin of the compensation
was unknown and.may have been due to the re-establishment of
the duét with the duodenum. The previous studies point-out
the importance of pancreatic enzymes in digestion.

Pavlov (1910)4probosed that the enzyme composition of
pancreatic secretions dgpends,bn the aietary components of

the ingested meal. This concept of digestive enzyme
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adaptation to the diet was questioned by Babkin (1950) who
stated that pancreatic juice formed in response to various
meals may vary in concentration, but not in the relative
amounts of the digestive enzymes. According td Babkin
(1950), variations in the principal bancreatic enzymes take
place in a parallel manner so that a rise or fall in any one
enzyme is accompanied by a coincident chénge in each of the
others; His conclusions may have been invalid since the work
that supported parallelism was confined to acute
experiments;

Guth ét al. (1956) were unable to demonstrate'
adaptation due to the ‘lack of sufficient stimulation with
the test meal. A fistulated doq was maintained on a stépdard
diet and fed a test meal only on the day of collection. In
coﬁtrast,-rats fed a high carbohydrate diet or a high
protein diet for a period of 21 days adapted to- the
predominent constituent of the diet (Gréssman et al. 1943a).
There was a pronounced increase in amylase on a hi?h
.carbohydrate diet. A.high protein diet resulted in a greatly
increased trypsin content. Gidez (1973) found the level of
lipase to increase in the rat pancreas when the fat content
of the diet was faised from about 5% to 15-22%. Little or no
additional increase in lipase levels was obtained by any
further increase in the amount of dietary fat. The study by
Gidez (1973) showed that the response to changes in diet to
be relati&ely slow. The minimum tihe period forqfats fed a

given diet may be 6-10 days before an altered level of
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enzymes is elicited. Similarly, Corring (1975) reported that
adaptation to the diet in the growing plg requires 5 to 6’
days. The mechanism for adaptation is unknown.

Total collections of pancreatic juice and hourly
measurements of volume, protein content and enzymé
activities between meals for different diefs were made to
quantitate adaptation in the growing pig. A possible

\

mechanism for adaptation 1s discussed.
C. Materials and Methods

Experiment-1' :

Three Yorkshire X Lacombe barrows (30 kg average’
liveweight) were prepared for collection of pancfeatic juice
with draining and re-entrant cannulas. The procedufe’
involved the construction of a duodenal pouch at the
pancreatic duct and end-to-end anastomosis of_the duodenum
(Chapter I). Following surgery, the pigs were housed ‘
individually in 0.5 x 1.0 m stainless steel metabolism
crates and allowed a 2-wk recuperation period. During this
time, they had free access to an 18% crdderprotein starter

diet (Table I.1). Water was supplied ad Jlibitum from a low

pressure drinking nipple.

7

The three barrows (35 kg average initial weight) were
used in a randomized complete block design and fed three
- experimental diets (Table 1.2) twice daily at 0800h and

2000h, 900 g eath meal, for a 14-day period for each diet.

I TPCIRI T 1 0T I PUENGIL P
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The diets were formulated to meet or exceed National Academy
of Sciences-National Resegrch Council (NAS-NRC 1979)
recommended levels of nutfient regquirements, with the
exception of protein in the protein-free diet. Dextfose was
included at a level of 10% to potentialiy improve |
palatability. Analyses for protein (N x 6.25), dry matter,
ash, etﬁef extract and energy content were carried out
according to the Association of Analytical Chemists (AOAC
1975) methods. The average liveweight of the pigs durihg
this experiment was 42 kg. | | |
Experiment 2

The control aﬁd protein-free treatments were repeated
with 3 barrows (35 kg average initial weight) fitted with
pancreatic cannulas and housed individually in metabolism
crates. A randomized complete block design was’used. Pigs .
were fed twice daily at 0800h and 2000h, 900 g each meal,
for a 14-day period for each diet. The average liveweight of

the pigs during this experiment was 38 kg.

Collection of pancreatic juice

Pancreatic juice was collected on days 9 (0800h to
2000h) and 13 (2000h to 0800h) of each test period for both
experiments. The volume of pancreatic juice collected for
each hour waS~measured and 10 ml were subsampled and stored'
at 5 °C for analysis of protein content and activitiés of

four digestive enzymes (trypsin, chymotrypsin, ahylase and
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1ipaée). Pancreatic juice was reintroduced by gravity flow
after subsémpling at the end of‘each hourly collection.
Angiytica} procedures

Analyses were initiated immediately after the
completion of each 12 h‘collection and transport of samples
to the laboratory. Protein was determined by‘the mefhod of
Lowry et al. (1951) using bovine serum albumin (BSA) as a
standard. The activities of trypsin, chymotrypsin, amylase
and lipase were measured according to methods described by
Bergmeyer (1974).-A Gilforde 2600 recording
sbectrophotometer was used to measure the extinction
changes. Chemicals were purchased from Sigma Chemical Co.,
St. Louils, Missouri.
Trypsin and chymotrypsin; Pancreatic juice was diluted
10-fold with a buffer solution (5 °C) and the proteolytic
enzjm%f were activated with an equal amount of a saturated
solution of entérokinase (enteropeptidase; EC 3.4.21.9). The
buffer solution (Glazer and Steer 1977) contained 100 ug/ml
of BSA, 50 mM CaCl,, and 50 mM Tris-HCl. The enterokinase
solution was made by dissolving 1 g enterokinase in 100 ml
distilled and deionized water (5 °C), centrifuging the
solution at 16,300g for 20 minutes at 5 °C éqd decantiﬁg the
supernatant for immediate use. The enterokinase (5 units/mg)
was isqlated from porcine intéstine-as a partially purified
salt-free lyophilized powdef containing approximately 65%

protein (Sigma Chemical Co., St. Louis, Missouri). Mixtures
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were'incubated for 5 d at S'fC for trypsinogen activation
and for 3 h at 5 °C for chymotrypsinogen activation. These
incubation periods were found to be optimal under these and
similar conditions described by Gorrill and Thomas (1967)
using bovine pancreatic. juice. Trypsin activity was measured.
at425 °C and pH 8.1 using a-N-toluene-p-sulphonyl-L-arginine
methyl ester (TAME) as substfate; Chymotrypsin activity was
measured at 25 °C and pH 7.8 using N-benzoyl-L-tyrosine
ethyl ester (BTEE) as substrate. |
Amylase. Pancreatic juice was diluted 200-fold with saline
(5 °C). Amylase activity was measured at 25 °C and pH 6.9
using a solution of soluble potéto starch (improved Lintner
ﬁethod) as sﬁbstrate. |
ﬁjpase. Pancreatic juice was diluted 2500-fold with
distilled and deionized water (5 °C). Lipase aétivity was
measured at 30 °C and pH 8.5 using a gum arabic stabilized

“emulsion of triolein (olive o0il suspension) as substrate.

Statistical analysis

One unit of enzyme actiyity was defined as the
hydrolysis of 1 umol substrate in 1 min under optimal
conditions. Enzyme activitiés were‘reported fof each hour‘of
collection as units of activity/mi x ml pancreatic juice
' secreted/h. The total values during 12 h collection are the
sum of hourly measurements. Analysis of variance procedures

were used to detect significant'differences in the data and

means were compared by Student-Neuman-Keuls' multiple range
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test (Steel and Torrie 1980).

D. Results

In both experiments, a trend (P < 0.05) for increased
volume, protein and‘all four enzyme activities after feeding
was observed (Tables II.1-3, II.5 and I1.6). Following a
initial increase in volume, protein and enzyme activity
"within the first 3-4 h after feeding, all parameters
" decreased to basal levels within 4 h prior to the next
feeding. The only e#ception to this trend was thg activity
of lipase from pigs fed the high fat diet (Table II.1). In
this case, lipase did not show the same rapid increase in
activity after feeding but increased within the first 6-7 h
following introduction of the meal. This latent period of
induct%oh may have been due to the retention of fat in the
stomach and its passage into the duodenum\at a later time.

In Experiment 1 (Table 1I.4), dietary treatment had no
effect (P > 0.05) on daily volume or protein content. Lipase
activity increased 6-fold (P < 0.05) with the feeding of 10%
tallow as compared to,2% tallow included in the diets.
Trypsin, chymotrypsin and amylase activities decreased
2-fold (P < 0.05) with.the absence of dietary protein. In
Experiment 2 (Table I11.7), dietary treatment had no effect

(P-> 0.05) on daily volume. All four enzyme activities and
. i 1

r

protein content decreased with the absence of dietary

protein (P < 0.05).

:’-%iiai\r AR U el Al
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In both experiments, no significant differences (P >
1 0.05) were found between collections made during the day or

night (Tables I1.8 and 1I1.9).

E. Discussion

The success with draining pancreatic secretions th;éugh
a duodenal pouch has provided an alternative to cannulation
of the pancreatic duct in the growing pig. The use of a
duodenal pou&h prevented damage\tb pancreaticrtissue and
~irritation to the pancreatic duct fhat could occur with
direct duct cannulation. The flow of secretions was
continuous from the pouch and the contribution to pancreatic
secretions by the-pouch has been shown to be less than 0.5%

(Chapter 1).

>
7.

It was thought that eﬁterokinase from thé mucosa ofAthe
duodenal pouch would activate trypsinogen to trypsin. In
other preparations,” the pouch was fiushed_with saline and 2
ml of Trasylole (proteinase inactivator,‘10,000‘KIU/m1, FBA
Pharmaceuticals Ltd., Pointe Claire, Quebec), a trYpsiH
inhibitor, at the end of surgery into the duodenal pouch to
preégnt autédigestion. The use of Trasylol® was found to be
unnecessary, since no measureable amount of active trypsin
was found in the secretions collected with or withoﬁt the
use of the inhibitor. The préctiée of'fiushing the pouch
with saline to remove bile and free enterckinase prevented

autodigestion without the use of inhibition.

<
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Enterokinase has been described as a brush border

enzyme bound to the.surface of the vilious epithelial cells
of the duodenum and reieased'by‘cell desquamation (Nordstrbm
and Dahlgvist 1970). Hadorn et al. (1971) feund that free
enterokinase aetivity increased 10-fold with the addition of

¥

bile salts to the supernatant of brush border suspensigns

‘from the rat intestine. Barns and Elmslie (1977) contgnd
that‘porcine enterokinase is released or solubj ‘
combined action of bile salts and protedlytic_enzymes.
Porcine enteroklnase is readily solublllzed by sodlum
'deoxycholate, but’ not by trypsin or chymotryp51n (Louvard et
al. 1973). The solubilization of enterokinase by a detergent
‘ may be necessary. to enable the enzyme to activate trypsin
and begin proteolytic digestion. Thi; 'plains:thenlack of
active trypsin in cecretions eollected from the duodenal
pouch and confers the importance of tne one-way valve in»
preventing backflow of digesta and bile into the pouch.

The luminal eontents of the pouch have been washed out
by ffusning it with saline. This has removed bile and free
enterokinase. Although Dragstedt et al. (1930) collected
~'pancreatic juice containing active trypsin from a duodenald
pouch in the dog,_they‘isolated a larger proportion of
duodenum, did not allbw the return of pancreatic juice to
the remaining duodenum and d1d not wash out the pouch. Thelr
preparation utlllzed a single f4srﬁT\ Perhaps the remaining

¢

bile and enterokinase were sufficient to activate

trypsinogen within:the time of collection.

1zed by the ©
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Traces of an;insoiuble white precipitate have beeh
found in the secretions collected in this study. Upon‘
microscdpiC'examinatiodlof the precipitate'in slide smears,
uniform particles ( 1-2 U diameter) stained purple with
Leishman stain wer: obser;ed. No white blood cells mere
located, but bacteria were present. Evidence of desquamated'
dntestinal or.pancreéfic cells alond with insdluble mucin |
- were noted‘in the remnant mosaic patterns found in the slide
smears. The particles have not yet been identified. \

Enzyme activities were expressed as 1nternat10nal units
over a given time perlod (1 h). This expression of total |
activity allows for summation to obtaln between meal or
chronologltal measurements thereby making .t p0551b1e to
quantitate pancreatic enzyme activities. Volume, pfoteiﬁ
content and total enzyme activity can also be expyessed oﬁ a .
daily basis, in this study, since no differences were four?3
between collections made durlng the day or night (Tables
I1.8 and 1I1.9). The expre551on of volume, protein content
and enzyme activ1ty over a given time period can demonstrete
not.just the quality of pancreatic seeretions, but the |
guantity as well. | - |

The pancreatic enzyme activities measured here on
adaptation are comparable to those.reported by Corring and
Saucie;F(1972) and Corring (1975). These workers collected
pancreatic juice from growing pigs using direct duct
cannulation. They showed that when the levelef\dietary

proteins, starch and lipids‘iqcreased or decreased, the’

2
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specific activity of proteolytic enéymes, amylase and lipase
increéééd or decreased in a direct relationship. Currently,
adappation Qas demonstrated ‘using a duodenal pouch and
expressing total activity of pancreatic enzymes in response

to a meal Qn:an hourly basis (Tables I1.1-1I1.3, II.5 and

11.6)..

“

Corring and Saucier (1972) found a 2.5-fold increase in
chymotrypsin activity when pigs were fed é_diet with 0%
protein and 81% starch adapted to diet with 30% protein

and 41.5% starch, Dailymfeéd'intake was approximately 1.0

"kg. Trypsin activity increased by 33%. Amylase activity

increased by 56%. In Experiment 1 and 2 (Tables II.4 and -

11.7), pigs fed the control diet (14% protein, 46% starch)

\v

as thpared to the protein?frge diet (0% protein, 79%
starch) showed a 2-fold and 3-fold increase in chYmotrypsin
activity. Trypsin activity‘increasgd 2-fold in Expefiment‘1
and 3.5-fold in Experiment 2. Amylase activitymincréased'by
88% in Experimeht 1 and 156% in Exgbziment 2.

Corring (1975)‘;eported a 7-fold increase‘in lipase
activity and a-25% decrease in amylase activity when pigs
that weré:fed a diet containing 3% o0il and 60% starch were
fed a diet cpﬁtéining 21% oil and 20% starch. Feed iptake -
Qas approximately 0.9 kg. Similarly in Experiment 1 (Table -
11.4), ﬁigs fed the high fat diet (10% tallow, 38% starch)
as compared to Eﬁg,éontrol diet (2% tallow, 46% starch)
showéd-a 6-fold increase in lipase activity, but no

significant difference (P > 0.05) in amylase activity.
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" With the exéeption of amylase activity, values reported'}ﬁ
for enzyme activities fall within the range reporged in the
literature for growing pigs‘(Corring 1980, Zebrowska et al.
1981, Paftridge et al. 1982). Althohgh'tﬁe increése iﬁ total

activity of the other enzymes could be attributed to an

increase in feed intake and the subseqguent increase 1n

-

secretion, the lower amylase activity could not be.
g {

"

ekplained.

The control of pancreatic secretion has béen divided
into three phases: a cephalic'phase under nervous control, a -
gastric phase” under nervous and hormonal control; and an .
intestinal phase undgi,hormonal control. ?avlov (1910)
proved the existence of a psychic influence‘on.the'secretion
rafe by the pancreas in dogs. Stimulation of the thoracic
vagus nerves in piés‘under anaesthesia caused a profuse flow

of pancreatic juice containing high concentrations Qf

émylase and bicarbonate (Hickson 1963). Preshaw et al.

(19655 have shown that gas'rin and hydrochloric acid (HCl),
v ‘ .

released by acetylcholine from the pyloric gland area,
stimulates the protein and bicarbonate output by the

pancreas. Secretin isolated from duodenal mucosa reifonds to

“ stomach acid and causes the release of water and |

electrolytes, but has rélétively little effect on the
secretion of enzymes and proteins (Wang and Grosgman 1951).

These results suggest a mechanism fogp~the cephalic phase. A

neural impulse caused by sensatofy or conditioned stimuli

travels along the vaéus nerve and causes gastrin, HCl and

-
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secretin to be released which stihulates pancreatic
secretion. In the present study, pigs were éonditioned to
medl-feeding. The increase in volume, protein content and
enzyme activities ih Experiment 1 (Tables I11.1-11.3) and
Experiment 2 (Tables I11.5 and II;6) immediateiy’after
'introducing the meal may be due to a cephalic .phase.

A vago-vagal reflex has been proposed as the mechanism
for the gastric phase of pancreatic secrgtion. Gastric
distension has been shown to increase volume and protein
output from the pancreas of dog and man (White et«a{. 1969).
The actjon was blocked by vagotomy, atropine or procaine
infiltration of the Qagi in the neck. In addition, extracts
of antral mucosa haye produced a humorally mediated increase’
in pancreatic énzyme secretion'(Blair ef’al. 1961).

In studies of the intestinal phase of pancreatic
secretion, Harpef and Raper (1943) isolated a hormong,
pancreozymin, from the duodenal mucosa that stimulated the
production of pancreatic enzymes. They determined that

pancreozymiﬁracted directly upon the cells of the pancreas

to stimulate enzyme production in a parallel manner. LS
Occasionally their preparétions of pancreozymin showed veryj
slight secretin.activity, but the majority had no effect on
the rate of flowlof the juice.

The rélease of pancreozymin.from the duodenal mucosa
and the increase in the éécretion of-banéreatic enzymes is
- dependent on the presence of digestion proaucts (Wang and

Grossman 1951). In studies using dogs with chronic gastric
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and pancreatic fistulas, the perfusion of a variety of fat
and protein digestion products into the small intestine have
.been shown to stimulate pancreatic Secretion (Meyer and
Jones 1974, Meyer et al. 1976a, Meyer et al. 1976b, Meyer
and Kelly 1976). The perfusion of amino acids, glucose or
fatty acids into the duodenﬁm of 45 people caused an
increase iﬁ pancreatic enzyme output (Go et al. 1970). In
particular, the enzyme output -due to the essential amino
ac1ds was 51gn1f1cantly higher (P < 0.05) than that evoked
by the fatty acids, glucose or nonessential amino acids.
Similarly, pigs fed the protein-free diet decreased
pancreatic enzyme output according to adaptatlon 1n
Experiment 1 (Table I1.4) and parallelism in Experiment 2
(Table II.7). Pigs in Experiment 2 were of a lighter weiéht
(38 kg).tﬁan pigs in Experimeht 1 (46 kg) and may have been
more sensitive to the lack of dietary protein. As a result,
pigs in Experiment 2 reduced the loss of endogenous protein
by depreésing all four enzyme activitieé. The absence of
‘protein or amino acids in the diet appéars to have a
significant effect on pancreatic secretions in a parallel
mannef. In contrast, dietary fat had a dramatic effect on
Alipase activity in an adaptive fashion (Table II.4).

Grossman et al. (1943b) hypothesized that the
hydrolyzed form of a feedstuff may determine the enzyme
composition of pancreatic sécretion and that this may occur
by a hormonal or humoral mechanism. Ben Abdeljlil and

Desnuelle (1964) showed that levels of pancreatic amylase in

o
e
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rats fed a diet containing 75% glucose were similar to those
in rats fed a diet containing. 75% starch. They conclﬁded
that the product of ﬁydrolysis, glucose, and the resulting
elebation of plasma glucose concentrations brought aboﬁt
increased amylase biosynthesis. Lavaﬁ et al. (1974) préQided
evidence for a humoral mechanism for lipase and amylase
induction by subjecting rats to intravenous glucose, lipid.
and amino acids. Lipase activity increased with the infusion
of lipid and amylaée activity increased with the infusion of
glucose. Since infﬁsed amino acids did not affect pancreatic
enzyme composition; they concluded that protease induction
hay require the release of duod:nal hormones rather than an
increase of the blood amino acid pool.

Corring (1977) has suggested that\for each intestinal
pool of hydrolysis products: amino acids, glucose or fatty
acids, thefé is a corresponding.duédenal factor acting
specifically.on the biosynthesis of proteolytié enzymes,
amylase or lipase. Morr ' .et and Dunnigan (1967) have shown
that nervous control is not involved in adaptation and
proposed that pancréozymih may' exist in different forms
specific for the stimulation of proteolytic enzymes, amylase
or lipase synthesis and release. Since their proposai,
additional polypeptides acting on pancreatic secretioﬁ have
been found in the intestinal mucosa. Vasoactive intestinal
polypeptide stimulates elecﬁrolyte and water secretion with
an apparent efficiency of 5-10% that of secretin (Said and

Mutt 1972). Adelson and Ehrlich (1972) have reported two
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factors from porcine duodenal mucosa which release amylase
from pancreatic zymogen granules in vitro. Adelson and
Rotﬁman (1974) isolated a peptide, chymodenin, from porcine
duodenum which, on injection into rats, caused a specific
release in chymotrypsinogen secretion by the pancreas.
Duodenal factors are also suggested in the adaptation of
amylase and trypsinogen to the diet by Dick and Felber
(1975).

In the present study, the.adaptive capability of the
pancreas apbeared to be dependent on the inclusion of
protein in the diet. Parallelism was followed by adaptation
once a requirement for protein was met. The lack of
adaptation by amylase may be due to a saturation effect as
demonstrated by Gidez (1973). ‘

Adaptation is a means to reduce'endogenous protein loss
and possibly to optimize total digestibilities by matching
enzyme activity to substrate. The saturafion effect could
control the rate of hydrolysis and ensure that absorptién
kinetics were optimal for all hydrolysis products. If t\e.
rate of hydrolysis was a limiting factor, adaptation cdz&d
also increase\energyhstores when substrates are in excess\of

\

maintenance and growth requireménts by eénsuring their 4 N

*

breakdown for absorption.

@\
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111. EFFECT OF FEEDING ON PANCREATIC SECRETIONS

A. Abstract

i influence of feeding on enzyme secretion by the
padcreas was determined in growing pigs. Four barrows (35 kg
‘averagé initial wéight) were fitted wit% pancreatic cannulas
and used in a randomized complete block deéign: The four
pigs (46 kg average liveweight) were fed a 16% crude protein
‘grower diet in i meal (1.8 kg at 0800h), in 3 meals (0.6 kg
at'0800h; 1600h and 2400h) and in 2 meals (0.9 kg at 0800h
and 2000h) for a period of 2 weeké for each treatment.
Péncreatié ﬁuice was céllected during 24.h.on days 9 and 13
of each test period. Hourly volume, protein and activities
of four énzyhes (trypsin, chymotrypsin, amylase and lipase)
were measured. Volume, protein and all four enzyme
activities usuallf increasea (P < 0.05) after feeding. Daily
volume increased (P < 0.01) by 0.5 1 wiﬁh.each additional
meal. Ffequency of feeding had no effect (P >'O;01) on
protein secretion 'and proteolytic enzyme actiyities. Amylase
activity increased 2-fold (P < 0.01) with each additional
m;al.'Lipase activity was higher (P < 0.01) when pigs were
fed 1 meal per day aé cbmﬁared to 2 meals per.day.‘Feeding
stimulated pancreatic secretion and frequency of feeding
increased daily volume and amylase activity. ‘

Key Words: CANNULATION, FEEDING FREQUENCY, - PANCREATIC

ENZYMES, SWINE
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B. Introduction

The secretion of pancreatic Buice is continuous in the
growing big (Kvasnitskii 1951, Pekas 1965, Cbrring et al.
1972, Partridge etval. 1982). Corring et al. (1972) reported
that the consumption of a meal increased both volume and
protein outpﬁt with a makimum being reached 2 to 3 h after
feeding. In contrast, Partridge et al. (1982) were unable to
demonstrate an increase in pancreaﬁic secretion after |
feeding; In further studies, Low (1982) found that the
‘pattern of hourly activity of trypsin and chymotrypsin
measured in duodenal contents indicated a response to
feeding and demonstrated continuous. activity auring 24 h.

In ﬁhevpresent study, totql q§ily collections of
pancreatié juice and hourly measurements of volume, protein
content and enzyme activities were made to quantitate
pancreatic éecretion by the growing pig in respohse to.
feeding and frequency of feeding. . ..k;\

C. Materials and Methods

Four Yorkshire X Lacombe barrows (30 kg average
liveweight) were prepared for collection of pancreatic.juice
with draining and rg—entrant'cannulas. The précedure | o
invdlvedﬁth@ construction of a duodénal péuéh at the
pancreatic duct and end—éo—end éﬁastomdsis of the‘duodénum
(Chapter I).‘Following surgery, the pigs were individually

housed in 0.5 x 1.0 m %tainless steel metabolism crates and

allowed a 2-wk recuperation period. During this time, they
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had freenaécess to a 16% crude protein grower diet (Table
IIT1.1). Water was supplied ad Ilibitum from a 16w pressure
. drinking nipple.

The four barrows (35 kg .average initial weight) were
used in a randomized complete block désign. This design was
used to avoid cephalic stimulation of pancréatic secretion
since experimental animals were fed and housed in the same-
barn. Pigs were fed.a grower diet in 1 meal‘(1.8 kg éf
0800h), in 3 meals (0.6 kg at 0800h, 1600h arid 2400h) and in
2 meals (0.9 kg at 0800h and 2000h) for a period of 2 weeks
for each treatment. The grower diét was formulated to meet
or exceed Natignal Academy of Sciénces-National Research
Council (NAS-NRC 1979) recommended levels of ﬁutrient
requirements. Analyses for protein (N X 6.25), dry matﬁer,
ash, ether extract and energy content wefe cagried out
acéording to the Association of Analytical Chemists (AOAC
1975) methods. The average liveweight of the pigs during
‘this trial was 46 kg.

To measure basal levels of secretiop, two pigs that had
been fed 2 meals per day were starved‘fS%JBG h Qpldays 4 ané
8 following the e*periﬁéﬁt and pancreatip‘juiceuwas

collected during the last 24 h of this 3§.h'fast.

Collection;of pancreatic juice
Pancreatic juice was collected during 24 h bn'gaYS 9
and 13 of each experimental period and on days 4 and 8

following the experiment. The volume of pancreatic juice was
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\

measufed each hour and 10 ml'were.subsampled and stored at 5
°C for analysis of protein content and activities of four
digestive enzymes (trypsin, chymotrypsin, amylase and
lipase). Pancreatic juice was reintroduced by gravity flow

after subsampling at the end of each hourly collection.

Analytical procedures

Analyses were initiated immediately following the
completion of each.24 h collection and transporf of samples
to the laboratory. Protein was determined by the method of
Lowry‘et al. (1951) using bovine serum aibumin (BSA) as a
standard. Enzyme assays were conaucted as requted in
Chapter II. A Gilforde 2600 recording spectrophotometer was
used to méasure the extinction changes. Chemicals were

purchased from Sigma Chemical Cb., St. Louis, Missouri.

Statistical analysis

One uﬁit of enzyme activity was defined as the
hydrolysis of 1 umol substfate ih 1 min under optimal
conditions. Enzyme activities were reported féf;éach hour of
collection as u?its'of activity/ml x ml pancfeatic-juice-
secreted/h. The total values for daily, betweeh-meal,'
post-prandial and.pre—prandial collection are the sum of
hourly measurements. Analysis of variancE procéddfés wéreag
used to detect signific;nt differences in .the data and means
were compared by Studenﬁ—Neuman—Keuls' multiple range test

(Stegl and Torrie 1980).
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D. Results

The effect of feeding frequency on hourly Qolume,
protein and enzyme activities are shown in Figures III.1-6
and Tables I1I11.2-4. With once-a-day feeding, the raté of
secretion remained relatively stable during the 24 h
collection whereas protein and the level of activity of all
four enzymes increased with the introduction of the meal
followed by a decrease to basal levels. Characteristic
repeafing patterns were obtained whén'the animals were feEJQ.
or 3 times each day. Volume, protein and enzyme activify
showed a steady decline to basal levels until the next
feeding time.

In general, post-prandial measurements were found to be
greater (P < 0.05) than pfe—prapdial measurements (Tables
111.5-7). Protein content «and amylase activity inéreased (P
< 0.05) after the meél when pigs were fed 1 meal per day
whereas volume, trypsin, chymotrypsin and lipase activity
did not show this trend (Table III.S). In contrast when.pigs
were fed 2 or 3 meals per day, volﬁme; protein and all four
enzymes increased (P < 0.05) after the meal except for
lipase.activity from pigs fed twice—a¥day (Tables III;6 and
I11.7). It is of inferest to note that lipase activity
increased juét prior to the laip fégding of the day for pigs
fed 3 meals per day (Figuré I11.6). No.significant
differences (P > 0.05) were foundvin between-meal

measurements (Tables II1.8 and III.9). Daily volume tended

to increase (P < 0.01) by 0.5 1 with each additional meal

)



basal leveis.

63

(Table IIT1.10). Frequency of feeding had no effect P >
0.01) on protein secretion and proteolytic enzyme ~
activities. Amylase activity increased 2-fold P < 0.01)
witH each additionai meal; Lipase activity was higher (P <
0.0j) when pigs were fed 1 meal per day as compared to 2
meals per day.

To measure the basal levels of secretion, two pigs that
had been fed»2 meals per day were starved for 36 h on days 4
and 8 foll&@ing the experiment (Table III.11). Pancreatic
Eecretions increased to 88% of the volume that one would
have expected if animals had been fed. Concurrently, protein
content-increased to 81%, trypsin activity increased to 70%,
chymotrypsin activity increased to 86%, amylase activity
increased t? 61% and lipase activity increased to 72% . of

expected norms. Following this initial increase at 12-13 h

‘after the last meal, volume, protein and all four enzyme

activities rapidly declined to basal levels as shown by the
low level of average hourly secretion for the fbllowing 12 h
(Table III.11). Pancreatic secretions did not increase (P <

0.05) at the félllowing expected meal-time and remained at

"E. Discussion

The control of panéreatif‘secretion is divided into
cephalic, gastric 'and intestinal phases. The major part of
the response by the pancreas during digestion is dependent

on the passage of acid and digestion products of protein and



64

fat along the small intestine (Harper 1972).

It is of interest to note %Sat when pigs were
intentionally not fed at their regular meal time pancreatic
secretions increased in anticipation of feeding and quickly
decreased to basal levels until the next feeding. By
conditioning the pigs to meal-feeding, it appears that the
cephalic phase may“be primarily responsible for the rapid
increase in the secretion of pancreatic juice immediately
after feeding and that the gastric phase is masked by the
effects of the cephalic phase, The intestinal phase may be
seen in the gradual-decreaae in pancreatic secretions after
feeding and appears to be respcnsible for initiating the
synthesis and release of pancreatic enzymes as seen in
adaptation to the diet. A

| Pigs fed 3 meals per day secreted more amylase whereas
pigs fed 1- meal per day secreted more lipase when compared
to pigs fed 2 meals per day. It appears that pigs fed 2
meals per day may have secreted apmcre balanced enzyme
complement.

Many scientists have'investigated~the.influence of
frequency of feeding on weighF gain and feed conversioﬁj
efficiency in pigs. Pshenichnyﬂ(1958) compared feeding
twice, 3 times and. 4 times daily and found that feeding sows
twice daily results in more efficient use of the feed.
Barber et al. (1961) found no significant differences
betweea pigs fed once or twice per day. Cromwell et al.

(1965) reported that pigs feditwr times daily gained
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significantly faster than pigs fed once daily by 7%.
Passback, Jr.'et al. (1968) found that pigs fed twice per
- day we;é more efficient than pigs fed once per day by 14%.
In contrast, growth rate and feeé efficiency were better in
pigs fed once a_da§ than in those féd twice a aay by‘4 and
3% respectively (Van Kempen -t al. 1979). Lu‘and Ma (1981)
showedvthat,total weight gain and feed convgrsion efficiency
" in pigs fed twice daily weré higher than for pigs fed once
or three times daily. Although controlled'Feeding systems
are moré labor intensive, pigs tegted present bet <r 7
performance fed two times a day when compared to ad Iibftum
feeding (Ludwig et al. 1981). The costs per kg gain were
found to be lowe:’fér pigs fed two meals per day when
compared to pigs fed one or three meals per day (Caleffi and
Broccaioli 1981). |

Feeding pigs two meals per éay may be optimal for

performance The contlnuous secretlon of pancreatlc juice by
pigs fed 1 meal per day and excessive stlmulatlon of
pancreatic secretion from pigs fed 3 meals per day may be
wasteful As Snook (H968) suggested, a large meal may cause
digestive tract loadlng,:whereas ad Ilbltum feeding would
lead to more frequent pancreatlc stlaulatlon. The rate of
food passage should also be taken into consideration since
it increases with the frequency of feeding (Cromwell et al.
'1965) and may be important in the rate of hydrolysis and

- absorption kinetics. Cunningham°(1971) reported that the

peak absorpffbn of nutrients from the digestive tract of the

i \j‘;{
\ g

\ d

LEY
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pig occurs 3 to 6 h after feeding. These factors could

contributé to better.assimilation of the diet and feeding 2

meals per day may be best. . o
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TABLE I1I.1. Formulation and partial chemical composit’on of the- -
grower diet. y ‘ o .
B S
Ingredi ents}(_,;jég;as fed):
Wheat ... = - - ©31.5
Barley "'~ “ R : 50.0
Soybean meal i ' ' 15.0
Calcium phosphate 1.0
Calcium carbonate 1.0
Iodized salt . . 0.5
~.Vitamin=mineral premix* e 1.0 o
‘ - ’ ) - ‘ v u . .,
. “ ’ for Ko
Chemical analyses: R
Dry Matter (%) | : : « 89.0 v
- Gross Energy(MJ/kg) . . }5.9,
Ether Extract(%) ‘ e U B
“Crude Protein(%) ' ; Cooe iy 76,8
Ash(%) - , o . B 05,3
; R 7, i ) %
::(V ] \;‘}q\)"
— ’ I LS. ’
e A \’56 P T TN
| ‘ L 2 T ‘f
' The premix provided- the follow1ng per kg of diet:

§11) minerals - 120 mg Zinc, 48 mgemanganese 100 mg

"iron, 10 mg copper, .1 mg selenitm;

(2) vitamins - 7500 IU vitamin A, 700 IU vi. in D,,
45 IU vitamin E,. 12 mg- r1boflav1n 40 mg niacin, 25°
mg pantothenic ac1d - 28 ug By :
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. . .
GENERAL SUMMARY AND CONCLUSIONS w

‘'The pig is an excellent model for the study of

\

to be a distinct, bilabed étruc;ure with a giﬁgle,'
fuﬁctional\duct thap entered the duodenum direcﬁly.
Total collection of pgncreatic juice could be made by

he use ofldirect duct cannulation or the formation of a
uodenal bouch at the pancreatic duct aﬁd cannulation of
the pdﬁch* The latter was chosen in this study to
preveﬁf damage to pancreatic tissue and irritaﬁion to

the pancreatic dydt. Cannulation of a duodenal pouch

\

gave permanent acce€Ss to total pancreati¢ secretions and

‘was determined té be a proﬁising alternative to direct
duct cannulatioh.' D

The secretion ‘of pancreatic juice was shown to be
continuous, to adapt in response to diet composition and

P S d

to increase in response to feeding and frequency of
feeding. Pancreatic secretions were not interrupped by
surgery. Volume, protein content and enzyme activities
were consistent from day to day squect to the
experimental conditions.

. The daily volume and proteolytic enzyme activities
of pancreatic juice secre£ed was dependent on the type
of diet fed. Pigs fed a partially-purified control diet
in Experiment 1 seﬁreted approximately 4.0 1 which
contained 15.1 g protein wheréas pigs fed a cereél—based

»

diet in Experimént 3 secreted approximately 6.5 1 which

LY
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ancreatic secretions“'Tﬂe,pancYeas of the pig was found
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contained 15.6 g protein; A reversal in trypsin,énd
chyﬁotrypsin activfty was fdund bétween the two
experiments. Trypsin activity was higher and
chymotrypsin activity waé lower with pigs :ed the
partially-purified diets as compared to pigs fe. Ehe
cereal-based diet. This may be due to the di.. rences in
thé sources of dietary protein.

The complement of pancreatic enzymes secretec
appeared to be dependent on the composition of the diep.
Lipase showed a 6-fold (P < 0.05) increas; in activity
with the feeding of 10% tallow as compared to 2% tal;oﬁ
in the diets (Experiment 1), Protequtic activity
decreased 2-fold (P <,O;05) with the absence of dietary
rrrotein (Experiment f}. The lack of dietary protein had
a marked influence (P < 0.05) in depressing all fourvi;
enzyme activities (trypsin, éhymotrypsin, amylase and
lipase) and protein content in Experiment 2. The pigs in
this experiment appeared to have been more sensitive
compared to pigs in Experiment 1 to the lack of dietary
protein and to have decreased the synthesis and release
of digestive enzymes in a paral;el fashion thereby

. - . f
reducing the loss of endogenous protein.

Three phases havé‘been described in the literatuge
regarding the control of pancreatic secretion: a
cephalic phase under nervoué control, a gastric phase
under nervous and hbrmonal éontrol, and an intestinal

phase under hormonal control. The intestinal phase to

3
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pancreatic secretion is thought to mediate exocrine
pancreatic adaptation to the diet. The products of

.. digestior may initiate the message to the pancreas to
alter the complement of enzymes secreted by causing the
._release of gastroint-—stinal hormgnes not yet ~=ntified
to inérease the synthesis and release of specific

digestive enzymes. A jositive feedback mechanism betwcen
: - e
, . . B |

the activiz, ot a ' digestive enzyme ) | ~
(trypséf/chymoLrypsin, amylase or lipase) and the\\:\
corrgsyanding size of the intestinal pool/pffﬂyarb}y§%s
products (ami: » acids, glucose or fatty ﬁcids) may
exist.

Tge adaptive capability of the pancreas is
dependent on the level of protein in the diet. Without
adequate dietary ﬁfot in, the pancreas secretes enzymes
:in a parallel manner. This reduces the loss of
endogenous. protein and may help in the animal's nitrogen
" balance. In contrast, adaptation may be a strategy to ;'
increase energy stores wﬁen substrates‘ére‘in‘excess of
maintenance ahdjg}owth requirements. In this situation,
the rate gf hydrolysis‘of brotéin, carbohydrates and
fats may be limiting without adaptation.

The results of thé first two experiments suggested
that pancreatic secretions foliow a characteristic
profiie in response to feeding. Post-piandial flow rateé

increased within the first 3 h. Maximum volumes were

secreted within 3-7 h and were followed by a decline
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during the last 5 h. Protein content and enzyme
activities increased immediately after feeding and
gradually decreased to basal levels before the ﬁext
meal. No significant differences (P > 0.05) in volume, .
‘protein content and enzyme activities were found between
12 h collections made during the.day or night when pigs
were fed at 0800h and 2000h. .

. The results from Experiment 3 showed‘that
pancreatic secretions ingréase in response to feeding.
Feeding appearedito stimulate pancreatic secretion. It
is of interest to note that when pigs were intentionally
not’fed at their regular meal time, pancreatic
secretiéns increased in-anticipation of feeding and
quickly decreased to basal levels until the next o
feeding. By conditioning the pigs to meal-feeding, it
vappears that the cephaliclphase may be primarily
responsible for the rapid increase in the secretion of
pancreatic juicé immediately after feeding and that the
gastric phase is masked By the effects of the cephaiic
phase. The intestinal phase may be seen in the gradual
decrease in pancreatic secretions and appears to be
responsible for’inftiatiﬁg the synthesis and release of
pancreatic enzymes. |

The frequency of feedihg was shown to increasé (P <
0.01) daily volume by 0.5 1 and amylase activity 2-fold
with each additional meal, but to héve no effect (P >

0.01) on protein secretion and proteolytic enzyme



o 90

activities. Numerically, pigs fed 2 meals per day

. . R \
secreted less protein (NS) and appear to have secreted a

balanced gnzyme complement which may be_optimaf?for the
growing pig. The continuous secretion by pigs fed 1 meal
per day and excessive stimulaﬁion from pigs fed 3 meals
per day m~ 2 wasteful, but was not shown to be
sﬁgnificant. Growtﬁ!trials-and digestibility studies
could.answer how effective is the stimulation of
pancreatié secretions on feéd co;version efficiency and

digestibilities of feedstuffs at different frequenciés

and levels of feeding.
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