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Summary &horbar; This article briefly describes some anatomical details of the pancreatic duct system in
dogs, cats, cattle, sheep, goats, pigs and rats that are important for the preparation of pancreatic
ducts for surgery. The advantages and disadvantages of various materials used for preparing cannu-
las and catheters for the collection of pancreatic juice are also presented. Several techniques of pan-
creatic duct cannulation (Thomas’, duodenal pouch and Routley’s methods) and pancreatic juice
collection are discussed with regards to the specificity of different animal species. The results of
various collections of pancreatic juice obtained in different laboratories, and resulting from the appli-
cation of specific methods for particular experimental purposes are discussed.

surgical model / pancreatic juice collection / chronic study / dog / pig / cattle / sheep / rat

Résumé &horbar; Collecte du suc pancréatique chez des animaux en expérimentation : matériels et
méthodes utilisés. Cette revue décrit brièvement quelques particularités anatomiques du canal pan-
créatique chez le chien, le chat, les bovins, les ovins, les caprins, le porc et le rat. Elles doivent être
prises en compte lors de la pose d’un cathéter du canal pancréatique. Les avantages et inconvénients
de divers matériaux utilisés pour la préparation des canules et des cathéters sont également présen-
tés. Plusieurs techniques de cathétérisation du canal pancréatique (méthodes de Thomas ou de Rout-
ley, préparation de poche duodénale) et de collecte du suc pancréatique sont discutées suivant les par-
ticularités des différentes espèces. Les divergences des résultats obtenus lors de l’utilisation de
différentes méthodes (adaptées aux objectifs fixés) sont discutées.

modèle chirurgical / collecte de suc pancréatique / étude chronique / chien / porc / bovin / ovin
/ rat
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INTRODUCTION

Experimental approaches to investigate
the exocrine pancreas function involve
both in vivo and in vitro methods. Methods
in vivo involve chronic and acute prepa-
ration of a pancreatic fistula in experi-
mented animals. Methods in vitro include
secretion studies on the isolated perfused
pancreas, lobuli, acini or single acinar cells
as well as on tissue preparations on a sub-
cellular level. There is currently no uni-
versal method, and the specific goal of this
study is to define a basic criterion for
selecting the most convenient approach.
Methods consisting of chronic preparation
of pancreatic fistula are the preferred meth-
ods to study some of neuro-hormonal rela-
tions as well as the nutritional and

behavioural aspects. Isolated preparations
of the pancreas, lobuli and acini are used to

identify more specific effects of a single
factor, while cellular or subcellular prepa-
rations provide a more in-depth approach
to investigate the stimulus-secretion cou-
pling on a molecular level. However, here
again whole-animal studies are necessary
to verify the physiological relevance of
the results obtained in vitro. As an exam-

ple, despite the abundance of cholecys-
tokinin (CCK) membrane receptors in the
pancreas demonstrated in vitro (Le Meuth
et al 1993), recent in vivo studies suggest
that their physiological importance is over-
estimated and that the physiological mech-
anism of CCK action on pancreatic secre-
tion is located in the duodenum (Owyang,
1996; Guilloteau et al, 1997). Consider-
able progress has been made in the

methodology of preparing chronic animal
models for exocrine pancreas study. It con-
cerns major advances in the topography
of the pancreatic duct system, materials
for implantation, surgical techniques as
well as methods of collection of pancre-
atic juice. Some of these aspects are further
discussed below.

PANCREATIC DUCT SYSTEMS
IN ANIMAL SPECIES

The pancreas is a relatively fixed organ (with
short mesentery) located deep between the
duodenum and liver in the right upper part of
the abdomen. The whole gland is delicate,
richly innervated and vascularized, hence a
surgical approach is troublesome. Rough,
inpatient cannulation may disturb local
blood flow and innervation, damage the pan-
creatic tissue, and thus produce artifactual
results. The exocrine pancreas is composed
of pancreatic acini and a branched excre-
tory duct system. Pancreatic acinar cells

synthesize, store and release pancreatic
enzymes and enzyme precursors into the

ducts, and the ductal cells secrete water and
electrolytes. The pancreatic excretory duct
is a tree-like system; the smallest ducts con-
tact pancreatic acini and combine in intralob-
ular and then perilobular ducts meeting to
form a pancreatic duct or ducts that carry
the juice out into the duodenum. There are
considerable differences between species
concerning the topography of the pancre-
atic duct system. This is caused by the fact
that the pancreas develops from the embry-
onic duodenum by two budlike primordia:
dorsal and ventral. Each primordium com-
municates individually with the duodenum.
The duct of the ventral primordium is the
pancreatic duct (formerly referred to as the
Wirsung’s duct) and opens together with
the bile duct on the major duodenal papilla.
The duct of the dorsal primodium is the
accessory pancreatic duct (formerly referred
to as the Santorini’s duct) and opens on the
minor duodenal papilla (Nickel et al, 1979).
In the later stages of fetal development, the
two pancreatic primordia fuse into one
organ, and the duct system evolves in a
species specific manner (fig 1 ).

Dog

In the dog, the two pancreatic ducts remain
separated (Grahame, 1943; Nickel et al,



1979). The pancreatic (Wirsung’s) duct that
meets the duodenum, together with the bile
duct (fig 1 ) on the major duodenal papilla, is
small and secretes a very small amount of

pancreatic juice. This duct is ligated in most
surgical techniques. A few millimeter frag-
ment of the pancreatic duct and its orifice
can be seen on the lesser curvature of the
duodenum, sometimes even without the
preparation of the right pancreatic lobe. The
accessory pancreatic duct, in fact, is consid-
erably larger than the aforementioned pan-
creatic duct, and it has its own opening into
the duodenum on the minor duodenal papilla.
To access Santorini’s duct for cannulation, a

little preparation between the pancreas and
the duodenum a few centimeters distal to
the major duodenal papilla is necessary.

Pig

In the pig, usually only the accessory pan-
creatic duct is observed (Pierzynowski et al,
1988b; Winnicki, 1994). Vodovar et al
(1964), however, have also reported the pres-
ence of the pancreatic duct in 18% of the
pigs studied (fig 1 Differences in breed may
account for these discrepancies. In all
reported techniques only the accessory pan-



creatic duct is accessed. Initially, localiza-
tion of the accessory pancreatic duct may
prove difficult because this duct is buried

deeply in the pancreatic tissue and is neither
visible nor palpable. The accessory pancre-
atic duct is exposed for catheterization after
gentle preparation of the terminal part
( 1-1.5 cm) of the right pancreatic lobe from
the lesser curve of the duodenum.

Cattle

In cattle, both the accessory pancreatic duct
and the pancreatic duct(s) may exist (Wass,
1965). However, a considerably larger por-
tion of the pancreatic juice drains through the
accessory pancreatic duct. This duct enters
the duodenum separately on the minor duo-
denal papilla, which is located 20 to 40 cm
distal to the major duodenal papilla (fig 1).
In most of cannulated cows and calves

(Friesian, Siementaler and Jersey), the acces-
sory pancreatic duct was hidden between pan-
creatic lobuli, but its duodenal orifice was

palpable in the distal part of the right lobe.
Rentgenological studies have revealed that a
significant percentage of cattle possesses the
pancreatic duct(s), which open(s) into the bile
duct (Wass, 1965). This or these small con-
nections are usually not ligated during surgery
owing to a difficult surgical approach. St-Jean
et al (1992) ligated the tissues between the
pancreas and a common bile duct. There was
however no difference in pancreatic secre-
tion with or without the ligation. From their
description, it appears that all the tissues
between the edge of the pancreas and the com-
mon bile duct were ligated without first check-
ing if such connections were present. We
observed pancreatic juice contamined with
bile in about 5% of Friesian calves with can-
nulated accessory pancreatic ducts.

Cat

In the cat, the pancreatic (Wirsung’s) duct
exists (Konturek et al, 1970; Nickel et al,

1979). This duct is located in the right pan-
creatic lobe and enters the duodenum on the

major duodenal papilla. An accessory pan-
creatic duct may also exist in exceptional
cases (fig 1 ).

Rat and small ruminants

In the rat and small ruminants (sheep and
goat), pancreatic duct(s) join(s) the bile duct
to form the common bile duct (fig 1) (Nickel
et al, 1979; Waynforth, 1980). In the rat,
usually more than one pancreatic duct is
present while in sheep and goats, a single
thin-walled pancreatic duct is located deep
between the lobuli. Cannulation of the pan-
creatic duct in these species is difficult or
even impossible. On the other hand, the bile
duct and the common bile duct are easy to
localize and prepare. Therefore in these

species, cannulation of the common bile
duct instead of the pancreatic duct is per-
formed. Such a procedure however requires
the ligation of the bile duct just above the
pancreatic duct orifice and a way of bypass-
ing the bile into the duodenum.

MATERIALS FOR IMPLANTATION

The type of material used for catheters or
cannulas depends largely on the selected
surgical method of catheterization. For the
collection of pancreatic juice through a
catheter inserted into the pancreatic duct via
duodenal cannula (fig 2) a wide Thomas-
type (Thomas, 1941 ) stainless steel cannula
is recommended. A stainless steel cannula is
well tolerated by the tissues and resistant to
digestive juices and biting. These cannulas
may function properly for several years in
dogs. Some researchers have used Thomas-
type cannulas made of polyvinyl chloride
(PVC) or polymethacrylate methyl (PMM)
(Perspex, Plexiglas, Metaplex) but these
materials seem to be less durable than steel,
an important aspect especially in dogs.



Magee and Naruse (1983) successfully used
Thomas-type cannulas made of aluminum.
Thomas ( 1941 ) used short glass tubes
inserted through the duodenal cannula into
the accessory pancreatic duct. Today, a
polyethylene (PE) or PVC tubing is used
rather than glass; eg, Magee and Naruse
(1983) used the top (last 8-10 cm) of a car-
diovascular catheter. Catheters made of PE
and PVC are elastic, neutral to the tissues
and not fragile.

Several types of tubing (PE, PVC, sili-
cone) are commercially available in a wide
range of sizes, which are suitable for prepar-
ing catheters for chronic implantation. Teflon
tubings (politetrafluoroethylene, PTFE) are
not recommended because they have little
elasticity and bend easily, although this
material is well tolerated by tissues. Sili-
cone and PE are most commonly used. Sil-
icone tubings are very elastic, resistant and
very well tolerated by the tissues. This mate-

rial is available as tubings, plates, powder
and glue, and working with the silicone (cut-
ting, glueing and shaping the cannulas) is
easy. Thin-walled silicone tubings, however,
bend easily (eg, close to the rib or between
the abdominal muscles) and may block the
flow of juice, the inner and outer diameter
should therefore be selected properly. Many
researchers have obtained good results with
medical grade silicone materials, tubings -
Silastic and glue - Medical Adhesive Sili-
cone Type A from Dow-Coming Corp (Mid-
land, USA). PE is a little cheaper than sili-
cone, but presents some of the same faults as
teflon. PE is stiff, which may block pancre-
atic duct flow just in front of the catheter tip
inserted into the duct, but it is easier to insert
into the duct than the silicone catheter. PE is
therefore advisable for acute rather than
chronic studies. Tubings made from elastic
PVC were less tolerated compared to sili-
cone or PE, although in recent years the tech-





nology for PVC production for medical pur-
poses has greatly improved.

SURGICAL TECHNIQUES
AND METHODS OF PANCREATIC
JUICE COLLECTION

In general, methods of pancreatic juice col-
lection are based either on the exposure of
duodenal papilla for temporary catheteriza-
tion or on a chronic modification of the pan-
creatic duct outlet. A brief comparison of
these methods is shown in table I.

Exposure of duodenal papilla

The method proposed by Thomas (Thomas,
1941; Thomas and Crider, 1946) and mod-
ified by Scott et al (1941) was a major mile-
stone in the research methodology on
exocrine pancreas function. It was and is
still often used, mostly for studies on dogs.
Surgical approaches in this species consist of
a ligation of the pancreatic (Wirsung’s) duct,
followed by the implantation of a wide
Thomas cannula on the greater curve of the
duodenum just in front of the minor duode-
nal papilla (fig 2). Dogs are used for col-
lection of pancreatic juice after a 4-week
minimum recovery period for the pancreas
to adapt to the ligation of the pancreatic duct
and for proper healing around the cannula.
Before the experiment, the cannula is
opened, and a glass (or plastic) tube is
inserted into the duct (fig 2) and fixed to
the external collar of the cannula. As the
Thomas cannula is left open during the
entire collection, this method is not recom-
mended for feeding experiments. Some
authors closed the cannula with special corks
for feeding experiments; however, owing
to increased duodenal motor activity and
digesta flow after a meal, it was very dificult
to maintain the tubing inside the duct. After
the experiment, the tubing is removed from
the duct, the Thomas cannula is closed with

the cork, and the pancreatic juice enters the
duodenum naturally. This is the main advan-
tage of the Thomas method, since the
smooth reintroduction of normal pancreatic
juice flow between experiments causes
many difficulties with the other methods.
Another advantage is that the juice collected
is not contaminated with bile, duodenal and
gastric secretions and is non-activated by
enterokinase. The implantation of Thomas
cannula is simple, intestinal continuity and
innervation are maintained, and postsurgical
complications are very rare. On the other
hand, catheterization of the pancreatic duct
before the experiment needs some experi-
ence. The structure of the duodenal papilla
is very delicate, and once the papilla is dam-
aged it may seriously hinder subsequent
catheterizations. Several months after

surgery, the papilla may move from the cen-
tre of the Thomas cannula disabling catheter-
ization of the duct entirely (usually when
the cannula has been implanted in too young
a dog). The animal must be immobilized in
a stand for juice collection, therefore pre-
vious training of the animal is necessary;
however, once trained, a dog may be used
successfully for many years. This method
is not recommended for young fast grow-
ing, and restless or mobile animals (eg,
piglets, beagle dogs). Hill and Taylor (1957),
and later Magee (1961), modified this
method for collection of pancreatic juice in
sheep. In this species, the Thomas cannula
was implanted in the duodenum in front of
the common bile duct orifice. The bile duct
was ligated just above the pancreatic duct
orifice and anastomosis between the gall-
bladder and duodenum (Hill and Taylor,
1957) or jejunum (Magee, 1961) was per-
formed in order to reintoduce bile.

Modification of pancreatic duct orifice

Pavlov initiated methods for modifying the
pancreatic duct orifice (Markowitz, 1954).
His method became classic at the beginning



of this century, although it had some serious
disadvantages. Namely, the pancreatic juice
was not reintroduced into the gastrointesti-
nal tract, thus the dogs lost water, elec-
trolytes and enzymes and died within a few
weeks. Proteolytic enzymes were activated
by contact with the duodenal mucosa and
caused tryptic ulceration of the skin around
the transplanted fragment. Dogs tended to
lick the secretion and induced ascending
duct infection. Pavlov’s idea of preparing a
chronic pancreatic fistula has been subse-
quently improved by many investigators.
The most essential approaches were pro-
posed by Dragstedt et al ( 1930) and Routley
et al ( 1952).

Methods using the formation
of a duodenal pouch

Dragstedt et al (1930) described a new type
of pancreatic fistula preparation in the dog.
Their method consisted in preparing a large
pouch from the upper duodenum, the
pylorus was joined to the upper duodenum
and the common bile duct was transplanted
into either the stomach or upper jejunum.
Secretions from the pouch were evacuated
by a cannula. In following modifications,
the size of duodenal pouch was markedly
reduced, thus leaving the region of the
pylorus, proximal duodenum and the ori-
fice of the bile duct untouched. The modi-
fication by Preshaw and Grossman (1965)
became the standard method for decades for
studies in dogs and other species. In the dog,
according of Pershaw and Grossman, a few
milliliter-large duodenal pouch containing
the orifice of the accessory pancreatic duct
was formed. The duodenal pouch was con-
nected with the duodenum by means of a
small metal cannula. Another wide metal
cannula was implanted into the duodenum
vis-A-vis the outlet of the smaller cannula.
After surgery the wide cannula was kept
closed, and was opened only for collection
of pancreatic juice. Although the surgical

procedure was more complex than that pro-
posed by Thomas, the collection of juice
was simple: after opening the wide cannula,
one end of a metal tubing was inserted into
a cannula draining the pouch and the other
end was connected to collecting bags. In
later modifications of this method, the two
separate cannulas were replaced with a sin-
gle T-shape metal cannula (fig 3) by Her-
rera et al ( 1968). After minor adaptations,
this method was applied for pancreatic juice
collection in cattle (Ternouth and Buttle,



1973; St-Jean et al, 1992) and pigs
(Zebrowska et al, 1983; Hee et al, 1985;
Gabert et al, 1996). Aliev (1974) proposed
the implantation of a plastic re-entrant can-
nula instead of a Herrera-type cannula in
pigs.

Many complications arising from prepa-
ration of the duodenal pouch have been
reported. The extensive surgical procedure
caused high postoperative mortality, ie, 25
to 85% in operated dogs (Teyssen and
Niebergall-Roth, 1996). After a certain time,
the majority of operated animals developed
avascular necrosis of the duodenal pouch,
ulceration through the wall of the pouch,
leakage from the pouch and duodenum, for-
mation of a functional fistula between the

pouch and duodenum, and precipitation of
calcium salts inside the cannula (Herrera et
al, 1968; Stening, 1969; Temouth and But-
tie, 1973). For these reasons, Stening (1969)
and St-Jean et al (1992) introduced several
modifications to the cannula construction
and surgical procedure.

The pancreatic juice collected by means
of pouch methods was not pure: it contained
about 10% duodenal juice and the enteroki-
nase produced by the duodenal pouch acti-
vated trypsinogen to trypsin in the pancreatic
juice. Moreover the continuity of the duo-
denum was disrupted thus considerably
affecting the duodenal motility and duo-
deno-pancreatic neural reflexes. Despite
these drawbacks, pouch methods are often
used in several animal species. The main-
tenance of the cannulas is simple. Flushing
the cannulas with saline once or twice a
week seems to prevent the blockage and
subseqent complications. Animals could be
kept only minimally restrained in their cages
during the entire collection (it is especially
important in chronic studies on pigs).
Besides this important ethical aspect, in ani-
mals prepared with duodenal pouches, it was
possible to perform feeding studies and, with
Herrera-type cannula, intraduodenal perfu-
sions as well. The duodenal pouch methods

are recommended by some authors for long-
lasting experiments, eg, 24 h (Teyssen and
Niebergall-Roth, 1996).

Chronic implantation of the catheter
into the pancreatic duct

The technique proposed by Routley et al
( 1952) was based on the chronic implanta-
tion of an elastic catheter into the pancre-
atic duct. This method was used for studies
in dogs (Routley et al, 1952) and after mod-
ifications in cows (Butler et al, 1960;
Pierzynowski et al, 1988a), calves

(McCormick and Steward, 1966; Zabielski
et al, 1992), sheep (Pierzynowski 1983; Kato
et al, 1984), goats (Naranjo et al, 1986)
piglets (Corring et al, 1972; Pierzynowski et
al, 1988b), pigs (Winnicki, 1994), cats (Kon-
turek et al, 1970) and rats (Waynforth, 1980;
Green and Miyasaka, 1983; Onaga et al,
1993; Ormai et al, 1986).

In the dog, according to Routley et al
( 1952), after ligation of the pancreatic duct,
the accessory pancreatic duct is cannulated
with a polyvinyl resin plastic tubing bypass-
ing the pancreatic duct sphincters. To this
purpose, the duct was separated from the
adjacent tissues near its duodenal orifice
and incised. The catheter was inserted into
the duct and attached by means of ligatures
(fig 4). The free end of the catheter was
exteritorized through the right flank of the
abdomen. A similarly constructed catheter
was implanted into the stomach and its free
end was exteritorized. The two free ends of
the catheters were joined in a shunt after
surgery to allow for the reintroduction of

juice into the GI tract. For collection, the
loop was disconnected and the gastric
catheter was plugged. This method was suc-
cessively improved. Butler et al (1960)
implanted a polyethylene catheter for rein-
troduction of the juice into the duodenum
instead of the stomach to avoid degradation
of pancreatic enzymes. They also protected
the pancreatic catheter with a polyethylene





guide cannula. In further studies, where sil-
icone tubing was used instead of polyethy-
lene, a guide cannula was not used. How-
ever, Pierzynowski et al (1988b) used one in
newborn piglets (fig 4). Routley’s method
has also been adopted in sheep
(Pierzynowski, 1983; Kato et al, 1984) and
goats (Naranjo et al, 1986) (fig 5) as well
as in rats (Green and Miyasaka, 1983; Ormai
et al, 1986; Onaga et al, 1993).

Collection of pancreatic juice using Rout-
ley’s method presents several advantages in
comparison with pouch techniques. These
benefits include the reduction of surgical
trauma and the fact that the gut tissue
remains virtually intact, thereby retaining
intestinal innervation and motility. As a result
the animals are able to eat soon after recov-

ery from the anesthesia. Routley’s method
can therefore be applied to young animals,
since neonates cannot tolerate the long period
of postoperative starvation required by the
pouch technique (Pierzynowski et al, 1990).
Moreover, this method permits collection of
pure, non-activated pancreatic juice, simi-
lar to the Thomas method, but in contrast to
the latter the collections can start soon after
the surgery. Restraint in Pavlov cage for col-
lection is unnecessary and the entire study
could be undertaken on a freely moving ani-
mal in its own cage (McCormick and Stew-
ard, 1966; Pierzynowski et al, 1988a; Zabiel-
ski et al, 1993).

Routley’s catheters function for 2 to 3
months if they are cared for properly. This is
much shorter compared to Thomas cannulae.
We know from Pavlov’s studies that, in
catheterized animal, the collected pancre-
atic juice must be reintroduced into the duo-
denum, and this is the major problem with
Routley’s catheters. The most frequent cause
of catheter failure is a reflux of a duodenal
content into the pancreatic catheter and pan-
creatic ducts leading to a blockage of juice
flow. This is due to the bypass of the pan-
creatic duct sphincter. In our trials, substi-
tution of natural sphincters for one-way

valves was ineffective (Zabielski, unpub-
lished). Better results were obtained with
permanent collection of pancreatic juice in
a retention container and continuous rein-
troduction of the juice by means of a peri-
staltic pump in sheep (Kato et al, 1984) and
rats (Onaga et al, 1993). In this method, the
animal was kept in a metabolic cage, and a
persistaltic pump pumped the juice back
into the animal at a low constant speed. Ade-
quate pumping rate is difficult to assess,
since pancreatic secretion shows marked
circadian oscillations (Magee and Naruse,
1983; Onaga et al, 1993; Zabielski et al,
1993). Therefore the dead space of the tub-
ings and the retention container is large, ie,
about 5 to 20% of daily secretion. This fact
raises the question of the activity of pan-
creatic enzymes infused back to the animal.

Attempts have also been made to employ
more complicated servomechanisms to
adjust the rate of juice infusion to the rate of
juice secretion (for details, see next section).
Another option to solve the problems of
reintroduction of the pancreatic juice con-
sisted in a silicone T-shape perforated duo-
denal cannula (fig 3) introduced by
Pierzynowski et al ( 1988b). The long per-
forated arm of the cannula implanted in the
duodenal lumen almost completely prevents
the increase of pressure in the arm connected
to the pancreatic catheter. Perforated T-can-
nulas were successfuly used in piglets and
calves of different ages (Pierzynowski et al,
1988b; Zabielski et al, 1992, 1993). They
were also used to reintroduce bile in sheep;
however, reintroduction of pancreatic juice
by means of a perforated T-cannula in rats
and sheep failed, probably because of the
low rate of juice secretion and its high vis-
cosity (Zabielski, data unpublished).

COLLECTION OF
PANCREATIC JUICE

Usually the pancreatic juice is collected into
a small vial (attached to the animal’s flank



or nearby) held in ice and vials are changed
manually. Either the volume or weight of
the collected juice is measured and after
sampling a small portion for the analysis
(bicarbonate, total protein, activity of pan-
creatic enzymes), the remainder is infused
back into the animal. In rats, owing to low
secretions, the juice is collected in thin tub-
ings held on ice. The reintroduction of pan-
creatic juice at the rate of secretion is impor-
tant. Besides its well recognized enzymatic
and homeostatic activity, pancreatic juice
seems to be an important regulator of intesti-
nal microflora (Pierzynowski et al, 1992).
Moreover, a feedback regulation of pancre-
atic juice was observed in most of exam-
ined species (Magee, 1991).

Fraction collectors are often used to
reduce manual work; this, however, may
increase the dead space of the collection

tubings. For precise and high resolution
measurements of juice secretion dynamics,
a variety of flowmeters have been built.
These tools work on a short-circuit (Naruse
et al, 1992) or photoelectric principle
(McCormick and Stewart, 1966). Care
should be taken with the power supply in
short-circuit tools, since DC current and AC
current of lower frequencies may affect pan-
creatic juice protein. The analog data from
the flowmeter can be converted to digital
and stored on the computer hard disk for
further analysis (Naruse et al, 1992, Kiela et
al, 1996). By means of these tools, several
important data have been obtained con-
ceming the kinetics of daily pancreatic secre-
tion (circadian and ultradian rhythms, effects
of meal), and the influence of regulatory
peptides given in small, physiological-like
doses (Itoh et al, 1980; Naruse et al, 1992,
Guilloteau et al, 1997, Kiela et al, 1996).

A few servomechanism devices for the

collection, measurement and reintroduction
of pancreatic juice have been built in order
to investigate pancreatic secretion under
conditions as close to physiological as pos-
sible. These tools were usually equipped

with a flowmeter and a device for infusion of

pancreatic juice into the duodenum at the
rate of juice secretion (Itoh et al, 1980; Juste
et al, 1983; Le Dr6an et al, 1997). All func-
tions of the apparatus reported by Le Dr6an
et al (1997) collection of juice, sampling 8%
of juice secretion, and infusion of the
remainder back to the animal, were auto-
mated and controlled by computer. Thus, a
daily profile of pancreatic secretion for a
long period (limited only by computer mem-
ory capacity) can be obtained, giving the
possibility to investigate physiological pan-
creatic rhythms and to perform develop-
mental and nutrition studies. The movement
of the animal in the cage, however, is limited
by the length of the extension tubes, and the
collecting system still has a non-negligible
dead space (about 30 mL). Nevertheless, we
think that it is worthwhile to develop and
perfect such systems. A small flowmeter
attached to the animal’s flank, connected
directly to the implanted catheters, with a
maximum 1 mL dead space, and a system
for frequent sampling of pancreatic juice
would constitute an optimal solution.

SECRETION OF PANCREATIC
JUICE IN ANIMALS PREPARED
WITH DIFFERENT METHODS

We are aware that the comparison of pan-
creatic juice parameters may be substan-
tially influenced by many factors including
diet, age, breed as well as by differences in
the analytical methods used in the different
laboratories (Wensing and Counotte, 1995).
Therefore for illustrative purposes, we rec-
ommend the comparison studies: pouch vs
Thomas method (Lee et al, 1986) and pouch
vs Routley’s method (Gabert et al, 1996,
1997) undertaken in the same laboratory.

Lee et al (1986) showed that the mean
length of pancreatic secretory and duode-
nal motility cycles in dogs fitted with Her-
rera cannulas was significantly shorter than
that of dogs fitted with Thomas cannulas.



In the latter the motility cycles were of nor-
mal duration similar to non-cannulated dogs.
Moreover, secretion of pancreatic juice
(peak secretion and secretion per cycle) was
higher in dogs fitted with Herrera cannulas
than in dogs fitted with Thomas cannulas,
while bicarbonate outputs showed the oppo-
site results. No protein or enzyme data were
compared in this study.

In the study of Gabert et al (1996), the
pigs prepared with the duodenal pouch
secreted substantially less bicarbonate, and
demonstrated a much lower activity of
trypsin, chymotrypsin, colipase and car-
boxyl ester hydrolase than the pigs with the
catheter implanted in the duct. By contrast,
the lipase activity and the total protein out-
put were slightly increased with the pouch
method. This suggests that enterotomy dur-
ing pouch preparation cuts some essential
neural pathways that regulate the amount
of pancreatic secretion. This finding could be
explained by a feed-back stimulation of
enzymatic proteins followed by their inac-
tivation by trypsin in the pouch. Moreover,
in Routley’s method, all the specimens
showed much larger variations during each
collection period, suggesting that this
method is more sensitive to the physiologi-
cal fluctuations of pancreatic secretions in
the pig (Kiela et al, 1996). Electrophoretic
separation of proteolytic enzymes showed
that in the pancreatic juice collected using
pouch method the proteolytic enzymes are
near fully active or fully active (Gabert et
al, 1997). Moreover, in the pouch method
an inactivation or breakdown of some pro-
teolytic enzymes has been evidenced in col-
lected pancreatic juice. By contrast, in the
Routley method the majority of enzymes
was collected in an inactive form, and incu-
bation of collected juice with enterokinase
greatly increased the activity of enzymes.

Finally, some validation of Routley’s
method vs pancreatic tissue homogenates
could be drawn from our studies in calves

(Guilloteau et al, 1985, Le Dr6an et al,

1997). Comparison of the results of inter-
digestive trypsin and chymotrypsin activities
obtained in pancreas tissue homogenates
and in pancreas juice showed parallel vari-
ations around weaning time as well as fol-
lowing changes of milk replacer formula.

CONCLUSIONS

To date there is no single, ideal chronic
model of pancreatic juice collection. The
methods reported so far present both advan-
tages and serious limitations. Pouch methods
do not collect pure inactive pancreatic juice
and are surgically complicated. On the other
hand, they do not need special care of the
cannulas and seem to be adequate for long-
term studies. Roultey catheters need sys-
tematic inspection and cleaning but are
excellent to study the developmental aspects
and neurohormonal regulations. The
Thomas method eliminates the above men-
tioned drawbacks, but requires long post-
surgical recovery and a rather strict immo-
bilization of the test animal during
collection. Therefore the best solution is to
take into consideration all the advantages
and disadvantages before adopting a single
method for a particular study.

In conclusion, the various methods cur-
rently used are nevertheless capable of pro-
viding new and relevant information regard-
ing the physiology and pathology of the
exocrine pancreas. These methods are con-

tinually being modified; the materials for
implantation and the conditions of animal
maintainance are constantly improving. New
tools for automated collection and registra-
tion of juice flow are under development.
Dynamically developed non-invasive meth-
ods (eg, aspiration endoscopy) as well as in
vitro techniques (perfusion studies of pan-
creas, studies on isolated pancreatic cells,
etc) represent a significant supplement to
chronic cannulation studies but cannot com-

pletely replace the current cannulation meth-
ods. Moreover, the physiological relevance



of in vitro findings still needs to be vali-
dated in whole-animal studies on chroni-

cally cannulated animals.
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