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Summary

In this study, we describe new methods for recording infusion of CCK8 or atropine. In vitro perfusion of the
gastric emptying andin vivo measurements of intragastric  stomach (with a balloon placed in the cardiac part to
pressure in fish. Using these methods, we investigated the record motility) with CCK8 at high concentrations
effects of the sulphated octapeptide of cholecystokinin (107moll~2 and above) augmented the spontaneous
(CCK8) on gastric emptying and on stomach maotilityin contractions, while lower concentrations had inconsistent

vivo and in vitro. Gastric emptying of 99Tc™M-labelled food

was measured in swimming fish by using a gamma camera,

counting consecutive 2.5min periods for 18-42h. After
20h, 55.3+4.0% of the labelled food remained in the
stomach of the control fish (mean ..M., N=9). Vascular
infusion of CCK8 (25pmolkglh™) delayed gastric
emptying so that 70.4+4.8 % of the labelled food remained
in the stomach after 20 h N=8). Gastric pressure changes
in vivo were measured using a balloon surgically fitted into
the cardiac or pyloric part of the stomach. In the cardiac
part, intra-arterial infusion of CCK8 at 0.1nmolkg 1h=1
resulted in a decrease in the frequency and amplitude of

effects. In addition, CCK8 (107 to 105moll~1) decreased
the amplitude of spontaneous contractions in longitudinal
strip preparations, usually in combination with an increase
in the resting tension. The decrease in amplitude was not
affected by the nitric oxide synthase inhibitorN®-nitro- L -
arginine  methyl ester hydrochloride  {(-NAME;
10“moll-1). Depending on the concentration and
experimental arrangement, CCK8 had either inhibitory or
excitatory effects on the cardiac stomach, suggesting the
possible presence of different types of CCK receptor. We
conclude that the predominant effect of CCK8n vivo may
be a slowing down of gastric emptying, presumably

rhythmic contractions, while higher doses
started/increased contractions. Atropine blocked much of
the basal contractile activity, but did not influence the
CCK8-induced inhibition of contractile activity. The

pyloric part of the stomach was unaffected by intra-arterial

coinciding with a release of bile into the duodenum.

Key words: teleost fish, gastric motility, gastric emptying,
cholecystokinin, rainbow trou©ncorhynchus mykissitric oxide.

Introduction

In mammals, cholecystokinin (CCK) emanating fromrainbow troutOncorhynchus mykissTo this end, we also
endocrine cells of the duodenum and jejunum or from locadimed to improve the methods used to measure gastric
enteric neurones plays an important role in the control of guemptying and intragastric presstmevivoin fish.
motility and secretion, and in the control of food intake by The fish stomach is divided anatomically into two parts: the
inducing satiety (see e.g. Furness and Costa, 1987; Solciapbximal cardiac stomach and the distal pyloric stomach
al., 1989). Our previous studies have shown that CCK inducgdacobshagen, 1913). In the rainbow trout, the cardiac part is
gallbladder motility in the rainbow trout, presumably afterthe major part; it is characterised by an abundance of gastric
release from endocrine cells in the duodenum caused by faiands and by a relatively thin muscular wall. The stomach
amino acids or acidification of the duodenal contents (Aldmafolds back on itselfia a transitional or fundic region into the
and Holmgren, 1987, 1995; Aldman et al., 1992). Himick anadmuch more muscular pyloric part of the stomach, which lacks
Peter (1994) reported a decrease in the food intake of goldfigftandular tissue. The pyloric part tapers off into the pyloric
after intraperitoneal or intraventricular injections of CCK. Thesphincter without a distinct change in morphology
primary aim of the present study was to continue the studigsacobshagen, 1913; Ezeasor, 1981). The combined properties
of the effects of CCK in the fish gut by elucidating the effect®f the stomach, the pyloric sphincter and the intestine create a
of CCK on gastric emptying and stomach motility in theresistance to the flow of chyme from the stomach to the
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intestine. Gastric emptying is achieved when this resistance t@rbohydrates 16 %, water 10 %; 17 k)gThis is a fair-sized
flow is overcome. meal although, when feeding voluntarily, fish of this size can
Gastric emptying in fish has received some attention overonsume over 2% of their body mass (Grove and Holmgren,
recent decades (for reviews, see Fange and Grove, 1979992a). The pellets were labelled WifTc™ (see below) and
Jobling, 1987), with emphasis being placed on feeding regimggaced in a soft plastic tube (diameter 10 mm). To prevent air
and food formulae. We were interested in the physiologicalfom entering the stomach together with the food, 0.5ml of
control mechanisms involved, especially the integrated effectsater was added per gram of food to fill air pockets between
of CCK in vivo, and have developed a new method forthe pellets. The fish was carefully lifted out of the tank, and
measuring gastric emptying in fish based on the scintigraphtbe feeding tube was gently pushed down into the stomach. The
technique used preferentially in mammalian studies. Thifood was pushed out of the tube over a 15-30s period, the tube
method allows for continuous monitoring of the gastricwas then retracted and the fish was put back into the tank. The
contents and continuous drug infusion during the experimenime required for feeding (i.e. the time for which the fish was
and avoids the problems associated with repeated anaesthesiatside the water tank) never exceeded 1 min. Ten fish were
To elucidate further the mechanisms behind the effects afifused with CCK octapeptide (CCK8; 25pmotky1,
CCK on gastric emptying, we have perforniadvivo andin 0.1 mlh1) for 18-42h. The choice of dose was based on
vitro motility studies on the cardiac and pyloric stomach. Jenseprevious studies on the motility of the gallbladder (Aldman and
et al. (1991) presented data framvivo studies of the cardiac Holmgren, 1995) and pilot experiments. Ten control fish were
stomach of the Atlantic coadus morhuaTheir surgical infused with 0.9 % NaCl.
method of insertion of an intragastric balloon for pressure The food was labelled with 20 MBq 89Tc™ (half-life 6 h,
recordings was tested and was found to have drawbacks in thkoton energy 140 keV) macroalbumin aggregates (LyoMAA
rainbow trout because of bleeding. Farmed rainbow trouByk-Malinchkrodt) because of its high binding affinity to
usually have masses of well-vascularised fat in the body cavitproteins. 9°Tc"-MAA aggregates have been used to label
which easily causes haemorrhages during surgery. We theref@evedish pancakes for human tests (Hermansson, 1991), and it
aimed to developed a method that requires a minimum afias shown that the choice of the isotope-binding complex
surgery and leaves the fish in a better post-surgical conditiorMAA is important for stable isotope labelling to be achieved.

Measurement of gastric emptying

The tank containing the fish was placed in front of a gamma
sex weighing 700-1600g were bought from a local hatcher amera (General EIegtnc MAXI .I) equped with a medium-
nergy parallel-hole high-resolution collimator and connected

and kept in tanks with aerated recirculating fresh water g NUD G I MTT Th
10°C. The fish were fed once a week until 1 week beford® & computer system ( amma- system). The
: energy window was +10% around the energy peak. Data
experiments began. e : . .
acquisition started immediately after the fish had been fed, and
Gastric emptying the gamma camera counted consecutive 2.5min periods for

Surgical procedure 18-42h. Fig. 1 shows examples of the data images obtained

The fish was fitted with a catheter in the dorsal aorta aQUring one experiment. ,
previously described (Aldman et al., 1992). Briefly, the fish A region of interest was defined around the stomach and was

was anaesthetised in MS222 (100myland placed on an further divided into two areas, the cardiac and pyloric stomach.

operating table with a constant flow of water (containingThe amount of radioactivity remaining in the stomach was

MS222 50 mgt?) over the gills. NaHC@was added to buffer measured gontinuously, and values were taken frqm a frame

the water at pH7.0. A polyethylene catheter (PE50) fofVeTY 10min. The curves were normallsed. to the time when

administration of NaCl or CCK8 was inserted in the dorsaf® highest count was measured (30-60 min after the start of

aorta and secured by two stitches in the dorsal part of e experiment). All counts were corrected for radmactwe

buccal cavity. The catheter was led back through the operculdfc@ and background radiation. Compensations  for

opening and secured again by a skin stitch. movem'ents of the fish were made for each picture by moving
After surgery, the fish were left to recover for 24h in ath€ region of interest.

Perspex (2mm) tank with a continuous flow of fresh water at ; ; ; o

101 n?in‘l(and 1)2 °C. The tank contained 41 of water and was . In vivo studies of gastric motility

5cm wide, which prevented the fish from moving sidewayssurg’]'cal procedures

away from the camera, but allowed some vertical and The fish were anaesthetised in MS222 (100M)gand

horizontal movements. The tanks were kept covered tglaced on an operating table with a constant flow of water

Materials and methods
Rainbow trout Pncorhynchus mykig§Valbaum)] of either

minimise disturbance to the fish. (MS222 50 mgtl) over the gills. NaHC®was added to buffer
_ the water at pH7.0.
Feeding To record motility from the cardiac stomach, the fish were

Each fish was fed with 0.5% body mass of food pelletsaparotomised on the right-hand side approximately 1cm oral to
(EWOS vextra maxi; raw protein 42%, raw fat 22%,the buccal fin. A Perspex tube (diameter 10mm) was gently
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Fig. 1. Gastric emptying in an individual
rainbow trout Oncorhynchus mykissThe
images show the distribution °Tc™-
labelled food in different parts of the
gastrointestinal tract at different times afte
feeding. (A) At 1h after feeding, all the
food is found in the stomach. The arrow
indicate the direction of food transport
(B) After 10h, the stomach (outlined |/ P Lo L e EL T T T .
the dotted line) has started to empty a g
some of the food is found in the intesting
(C) After 25h, no food remains in the
stomach, while some food is still left in thg
distal part of the intestine.

et
-----

pushed down through the mouth and oesophagus into theas attached to another PES50 catheter with a latex balloon
stomach. A thin rod of steel (diameter 1 mm) with a sharpeneolume 3ml) connected to it. The catheters were retracted,
tip was introduced into the opening through the gut wall andkaving the balloon in the lower part of the stomach. To secure
penetrated through the stomach wall into the Perspex tube. Ttiee balloon in the appropriate place, a small plastic disc, with
rod was then pushed forward and out through the mouth, and thecentral hole with a diameter 0.1 mm smaller than the outer
tube was removed. A PE5S0 catheter, with a latex balloon (volun@iameter of the PE50 catheter, was pushed over and down the
5ml) connected to it, was attached to the oral tip of the rod, archtheter against the pyloric caecum. The catheter was tunnelled
the rod was gently retracted through the stomach wall and ttmait through the body wall and secured using a skin stitch.
opening in the body cavity wall, leaving the balloon in the For drug delivery, a PE50 catheter was placed in the dorsal
stomach with the catheter leading out through the stomach aadrta using the method described previously by Aldman et al.
body cavity walls. A small plastic cap, with a central hole 0.1 mn{1992). The fish was transferred to an experimental tank (101)
smaller than the outer diameter of the PE50 catheter, was pusheith a continuous flow of fresh water (10! mihat 10°C and
over and down the catheter against the stomach wall to avdieft to recover for 40-50h.
leakage from the stomach into the peritoneal cavity. The plastic
cap was kept in position throughout the experiment by frictiofExperimental procedure
against the catheter (controll@dst mortemin all fish). The The pressure in the stomach was recordada pressure
catheter was then tunnelled through the body wall and securé@nsducer (Statham P23) on a Grass (model 7) polygraph
using a skin stitch. The initial opening in the body wall was closedecorder, and the signals were collected in a computer for
using silk sutures, and the balloon was inflated with 1 ml of watestatistical calculations. Sampling frequency was set to
To record the motility of the pyloric stomach, the fish wasl5samples®, and a mean on-line value was calculated and
opened laterally on the right-hand side starting approximatelgtored every 15s to construct trends over time. From these
2mm behind the operculum. A Perspex tube (diameter 4 mmyalues, changes in stomach pressure were monitored as a mean
bent 2cm from the tip at an angle of 120°, was gentlywalue (the area under the trace but above the baseline) over
introduced into the stomach and placed with the opening in thED min periods. The transducer was calibrated against a water
pyloric part of the stomach. A pyloric caecum that opened intcolumn.
the duodenum close to the pyloric sphincter was cut open, andCCK8 was infused at rates of 0.1, 1 and 10 nmot kg for
a PE50 catheter was pushed through the caecum and througinsecutive 30 min periods. Atropine was given at 1.2 mi kg
the pyloric sphincter into the Perspex tube and out through thes a slow infusion on the second day of the experiment, and
mouth. The tube was removed, and the oral end of the cathete€K8 was infused 45 min later, as on the previous day.
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In vitro perfusion studies cod Gadus morhugOlsson and Holmgren, 1996). The results
Surgical procedure were expressed as a percentage of the activity before the

The fish were stunned by a blow to the head and injecteifldition of CCK8.
with heparin (0.5 mlkgt; 5000i.u. mtl) into the caudal vein

before they were killed and prepared essentially as described D.ru.gs .
by Holmgren et al. (1985). The fish was opened on its right SulPhated  cholecystokinin — octapeptide (CCK8) was

side, and a cannula was inserted in the mesenteric artery foptained from Cambridge Research Biochemicals, UK, and 3-

vascular perfusion of the stomach using a constant-pressufgdlinobenzoic acid ethyl ester (MS222), atropine sulphate and

perfusion system (Nilsson and Grove, 1974). Rainbow trodt~-Nitro-L-arginine methyl ester hydrochloride-NAME)

Ringer’s solution, bubbled with a gas mixture of(@7 %) and  Were obtained from Sigma Chemicals, USA.

CO (3%), was used for the perfusion (Holmgren, 1983). A

cannula was inserted into the hepatic portal vein to measure ) o )

the outflow of the vascular perfusate from the stomach. All Mean values are given g£m. For statistical calculations,

branches of the caeliac artery and the portal vein not involve/lcoxon’s signed rank sum test (two-tailed) for paired and

in the supply of blood to, or the drainage of blood from, thémpalreq obser.vatllons was used_. In cases of repeated testing, a

stomach were ligated. The stomach was dissected free apgduentially rejective Bonferroni test (Holm, 1979) was used

placed in an organ bath containing Ringer's solution at 10°c0 €liminate, as far as possible, any type | error. Differences
A water-filled rubber balloon was inserted into the stomaci{'€re considered significant wheiPe0.05.

via the oesophagus for measurements of the muscle activity of

the stomach wall. The intragastric balloon was connedgted Results

a tube to an open reservoir suspended from a Grass FT03 , ,

isometric transducer. Contractions of the stomach expelled Gastric emptying

fluid into the reservoir, and this increased the mass of the One fish in the control group (NaCl infusion) and two in the

reservoir, which was recorded on a Grass (model 7) polygraghCK8-treated group were excluded because of vomiting
recorder. The water level in the reservoir was set téluring the experiment. After 10h, 83.8+2.0% and 92.2+1.7%

Statistics

approximate|y 2cm above the level of the stomach. (Significant differenceP<0.01) of the labelled food remained
in the stomach of the control fislN£9) and of the CCKS8-
Experimental procedure treated group N=8), respectively (Fig.?2). After 20h,

The preparations were left to recover for at least 1 h before>-3¥4.0% of the radioactivity was left in the control group,
the start of the experiments and then CCK8 Yo while 70.4+4.8 % (significant differencB<0.05) remained in
105mol 1) was slowly injected into the perfusion line in the CCK8-treated fish, demonstrating an inhibitory effect of

bolus doses of 1 ml. CCKS8 on the rate of stomach emptying. There were, however,

Strip preparations

Surgical procedure CCK-treated

The fish was killed by a blow to the head, the stomach we
dissected out and longitudinal and/or circular muscle strip -
(approximately 2 mm10 mm) were prepared from the cardiac
part. The preparations were mounted in organ baths containi
5ml of Ringer’s solution (see above) and stretched to an initie
tension of 10 mN. The tension was recorded on a Grass (moc
7) polygraph recorderia a Grass FT 03 force transducer.

40 - Control

% Food in stomac

Experimental procedure 20

The strip preparations were left to recover until they showe
stable spontaneous contractions (for a minimum of 60 min Ol
Cumulative doses of CCK8 were added to the bath, yieldin 0 4 8 12 16 20
increasing concentrations in the bath from®t6 106 mol 2. Time after feeding (h)

To examine the possible involvement of nitric oxide, strips

. . . Fig. 2. The effect of vascular infusion of CCK8 on gastric emptying
G.
were preincubated with thearginine analogue-NAME (N in the rainbow troutOncorhynchus mykisCircles, control fish

nitro-L-arginine methyl ester hydrochloride; #@nol 1) for (0.9% NaCl:N=9): squares, CCK8-treated fish (25pmaiMg,
20min before the first dose of CCK8 was given. This 1 miiry; N=8). The percentage 8fTc™labelled pellets remaining
concentration and incubation time .fOFNAME have been in the stomach at different times after feeding is higher in the CCK8-
shown previously to be effective in blocking an inducedtreated fish than in the control fish, indicating that CCK8 delays
relaxation of, for example, the urinary bladder of the Atlanticgastric emptying. Values are means and the dotted linesshow
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(0.1nmolkglh1) decreased both the frequency (to
0.14+0.63 mint) and amplitude of contractions, which caused
a decrease in mean total pressure to 1.61+0.37 kPa (Fig. 5A).
An increase in the concentration of CCK8 (to 1 nmoltkg?)

60 induced contractions in three of the nine fish. These
contractions were of lower amplitude but higher frequency
than the contractions before CCK8 infusion (Fig. 4). CCK8
(L0nmolkg1h1) induced contractions in all fish and caused
an increase in mean total pressure compared with the lowest
concentration of CCK8 (Fig. 5A).

, In fishes still showing spontaneous contractions after
0 8 16 24 32 40 atropine treatment, CCK8 (0.1nmol#d¢n™1) tended to
decrease the frequency and amplitude of contractions further,

100 e, A

801

401

201

% Food in stomach
o

100 B but did not affect the resting tension. Higher doses of CCK8
80- induced contractions of low amplitude in five atropine-treated
animals (Fig. 4).
60 - The pyloric stomach adopted a basal resting tension giving
an intraluminal pressure of 1.65+0.40kPaN=6§).
40 Superimposed single contractions occurred in an irregular
manner with a mean frequency of 0.50+0.09Mimiving a
20 mean total intraluminal pressure of 3.02+0.74 kPa (Fig. 6A).
CCKS8 had no significant effects on the contractile activity, and
0 - atropine treatment gave inconclusive results (Fig. 6A,B).

Time after feeding (h) In vitro perfusion studies

Fig. 3. Gastric emptying in two untreated fish demonstratin Infusion of CCKS (107mol I"* and abovgN:lZ) caused &
o= X S . 'Yrief increase in the frequency and amplitude of spontaneous
individual differences. After an initial lag phase, emptying starts in . . .
both fish. Emptying is linear in the fish in A, but emptying follows an(:C)r],tr""Ct'c’r]S O,f the Card,'ac stomach. Lower, _Congemratl(,)ns had
exponential curve in the fish in B. varlable_and mconplyswe effects on motility, increasing or
decreasing the activity but never completely abolishing the
spontaneous contractions.

large differences between individuals in both groups. The lag

phase from feeding until the stomach started to empty varied Strip preparations

between zero and approximately 5h. Some fish appeared toThe longitudinal strip preparations from the cardiac stomach
demonstrate linear emptying after the lag phase (Fig. 3AJN=9) adopted a basal resting tension interrupted by
while in others the emptying curve had an exponential shappontaneous contractions (Fig. 7). CCK8 did not affect the
(Fig. 3B). In addition, some fish showed pulsatile emptying ofotal work performed by the strip preparations (Fig. 7C),

the stomach. although high concentrations (Bto 10¢moll-1) of CCK8
_ _ . decreased the amplitude of the contractions (Fig. 7D). In
In vivo studies of stomach motility contrast, 18 moll~1 CCK8 caused an increase in the resting

The cardiac stomach adopted a basal resting tension givitgnsion to 13612 % of the control value. The effect on the
an intraluminal pressure of 1.45+0.32kPaN=9). frequency was inconsistent, although a small increase was seen
Superimposed single contractions occurred in an irregulat 10°moll~1 (Fig. 7E). The response of circular muscle
manner throughout the experimental period (up to 5 daygN=7) preparations to CCK8 varied greatly between
interspersed by periods of quiescence typically lasting 1-5 mimdividuals, and no consistent conclusions could be drawn.
(Fig. 4). The contractions had a mean frequency of Pretreatmentwith-NAME (10~4moll™1) altered neither the
0.57+0.07min! and gave a mean (calculated over 10 min)esting tone nor the effects of CCK8 on the amplitude,
total intraluminal pressure of 2.04+0.37kPa (Fig. 5A). Thefrequency or total work (Fig. 7).
resting pressure increased slightly in four of seven fish after
atropine treatment, but mean total pressure was unaffected
(Fig. 5A), since atropine at the same time decreased the Discussion
frequency and amplitude of the superimposed contractions In this study, we decribe new methods for measuring gastric
(Figs 4, 5B) and totally abolished these contractions in fouemptying and of makindgn vivo recordings of intragastric
fish. pressures in the rainbow trout. The scintigraphic technique

CCK8 did not affect the resting (=baseline) tension buused preferentially in studies of gastric emptying in mammals
altered the contractile activity. Infusion of CCK8 (see Ziessman, 1992) has been modified to suit studies in fish.
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Fig. 4. The effects of intra-arterial Control

h
infusion of increasing doses of CCK8 on 1 w ﬁ n
the intragastric pressure and rhythmic L |
activity of the cardiac stomach of the LJ \ w\ L L LU L

rainbow trout Oncorhynchus mykiss .

Atropine
Consecutive tracings from day 1 (A,ContrOI P
untreated fish) and day 2 (B, atropine-

treated fish) are shown from one L

experiment. There is approximately y L | Ll
10min between each tracing within eactbCK 0.1 nmol kgL hrl CCK, 0.1 nmol kgt 'l

panel, and approximately 20h between A" '

and B. Note that atropine reduces the

activity of the control stomach, that a low____ o M.__‘AM\]\_M,«J\J\J\M\N\M\MW _L_______J.MW

dose of CCK8 (0.1 nmolkdh™1) reduces CCK, 1 nmol kgL hrl CCK, 1 nmol kg't bt

the activity of both the control and the ' '

atropine-treated stomach, and that higher 3kPa
concentrations of CCK8 (1 and !

10nmolkglh1) stimulate the activity of
the stomach. CCK, 10 nmol kg1 h1 CCK, 10 nmol kg1 h?

3min

This technique opens new possibilities for research in this ared991; Karila and Holmgren, 1996). The contractions of the
Two advantages of this method are that the fish is awake durimgtestine moved anally at approximately the same speed
the experiment and that the course of events can be studig@l5+1.0cmminl) as the MMC in mammals (Karila and
continuously. A disadvantage of the method is that thélolmgren, 1996). In addition, the contractions were
anatomy of the rainbow trout gastrointestinal tract may causetrodotoxin-sensitive, indicating that they are dependent on
the amount of food remaining in the stomach to beahe (enteric) nervous system.
overestimated. This is not a major problem when, as in the Gastric emptying in the rainbow trout involves a lag phase
present study, the aim is to compare an untreated and a treabedore the stomach starts to empty. This has been described
group rather than to establish absolute rates of emptying. Tipeeviously in other fish species (turl8tophthalmus maximus
procedure of force feeding may also affect the rate of gastriGrove et al., 1985; plaicBleuronectes platess®asimi and
emptying (Windell, 1966; Grove et al., 1978; Dos Santos an@rove, 1985; sandbar sha@larcharhinus plumbey#edved,
Jobling, 1988; Grove and Holmgren, 1992a) in both groups df985). The subsequent emptying varies between individual
fish and could be the cause of the vomiting seen in some of ttreut, being linear in some specimens and exponential in
fishes. others. In the present study, we show that gastric emptying is
Both the cardiac and the pyloric parts of the stomach of thelearly delayed by the presence of exogenous CCK. This effect
rainbow trout maintained a basic muscle tonus, interrupted byf CCK is in accord with results from several studies in
irregular contractions, throughout timevivoexperiment. Since  mammals (Chey et al., 1970; Debas et al., 1975; Moran and
the fish in the experiment were not fed during the weelMcHugh, 1982; Liddle et al., 1986; Smith et al., 1989; Jin et
preceding surgery, the activity of the stomach could beal., 1994). It should, however, be noted that, in contrast to the
compared with the interdigestive stage of the mammalian aratesent study, liquid meals were used in most of the
avian stomach. In these animals, the interdigestive stage nsammalian studies.
characterised by cyclic patterns of migrating motor The site of action of CCK on gastric emptying is not clear,
(myoelectric) complexes (MMCs), consisting of a basic statbut the proximal stomach, the pyloric sphincter and centrally
of quiescence (phase 1), interrupted by periods of irregulanediated actions have been proposed. In mammals, CCK
single contractions (phase Il) leading into a phase (phase Ilfgceptors have been demonstrated on circular smooth muscles
of intensive muscular contractions (Szurszewski, 1969; Codea the pyloric sphincter (Smith et al., 1984) and also on afferent
and Marlett, 1975; Mueller et al., 1990). The stomach of th@agal neurones (Corp et al., 1991; Lin and Miller, 1992). In
rainbow trout does not exhibit the long quiescent periodshe rainbow trout, CCK8 decreases the motility of the cardiac
characteristic of phase | of the MMC and also lacks thstomach and contracts the pyloric sphincter (present study;
characteristic variation between the low activity of phase Il an€. Olsson, G. Aldman and S. Holmgren, unpublished
the regular high activity of phase lll. As in the rainbow trout,observations). The inhibitory effects of CCK8 on the amplitude
the cardiac stomach and the intestine of the AtlanticGadus  and on the frequency of contractiansvivo are in agreement
morhuademonstrate spontaneous contractions (Jensen et akith studies on other vertebrates. In sheep, CCK8 decreases
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Fig. 5. The effect on mean intragastric pressure (A) and thFig. 6. The lack of effect on the mean intragastric pressure (A) and
frequency of contraction (B) of the cardiac stomach dftevivo the frequency of contraction (B) of the pyloric stomach afterivo
intra-arterial infusion of CCK8 in the rainbow tro@ncorhynchus intra-arterial infusion of CCK8 in the rainbow tro@ncorhynchus
mykiss Filled columns, controlN=9); open columns, after atropine mykiss Filled columns, controlN=6); open columns, after atropine
treatment l=7). Statistical significance is denoted by an asterisktreatment l=6). Statistical significance is denoted by an asterisk
(P=<0.05). (A) Note that a low dose of CCK8 (0.1 nmotkgl) (P=<0.05). Values are meanssE.M. C, control period before CCK8
reduces the intragastric pressure, while a high dose of CCKtreatment.
(10nmolkg1h1) increases the mean pressure. (B) Atropine reduce
the contraction frequency during the control peri@y the low dose .
of CCK8 reduces the contraction frequency, while higher doses ¢997). It has been suggested that CCK aiztsa vago-vagal
CCKS8 increase the contraction frequency. Values are meaasi+  reflex to inhibit gastric motility, and Martinez et al. (1993)
demonstrated that the effect of CCK in the chicken is mediated
mainly by nitric oxide. The absence of inhibition by CCK at
the electrical spike frequency of the rumen (Kermani andbwer concentrations in the rainbow troit vitro (when
Rezaiee, 1993), and in the cat stomach, it decreases tbgtrinsic pathways are cut) provides evidence for an indirect
amplitude of contractions (Roche et al., 1993). Vagotomynhibitory effect involving extrinsic pathways vivo.
abolishes the inhibitory effects of CCK8 on gastric emptying The observation that longitudinal strip preparations showed
in the rat (Raybould and Taché, 1988; Schwartz et al., 1993) decrease in the amplitude of contraction at higher
and on gastric electrical activity in the chicken (Martinez et al.concentrations of CCK suggests that other inhibitory CCK
1993). In the rat, CCK8 has also been found to increase tlmeceptors may be present. In dogdNAME abolishes the
electrical activity in the vagal afferent fibres (Schwartz et al.inhibitory responses to CClif vitro (Daniel et al., 1994).
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A Since .-NAME did not affect the CCK-induced decrease in
contraction amplitude in the present study, this effect of CCK

_ — is probably not mediated by nitric oxide. Instead, it may to
5mN some extent depend on the increase in resting tension.
1 NAME had no effect on the resting tone either, indicating that

the rainbow trout stomach probably lacks a nitrergic inhibitory

/]\ /]\ /I\ /[\ tone. This is in contrast to, for example, the cod intestine
10° 108 107 106 (Karila and Holmgren, 1996).
It is noteworthy that CCK does not influence the tonus of
B the rainbow trout stomadh vivo. In several mammals, CCK

is reported to decrease the intragastric pressure (Yamagishi and
NMWNWWMMWMWMNWMWW Debas, 1978; Tani and Muto, 1985; Raybould et al., 1987), and

this is thought to contribute to the delay in gastric emptying

after CCK treatment (Liddle, 1989). It may be argued that the

,l\ 1\ present experimental conditions do not allow further relaxation
1\ 1\ 1\ of the stomach of the rainbow trout. However, the stomach

L-NAME 109 10® 107 10° creates a positive pressure throughout the experiment and
should be able to relax in response to an appropriate stimulus.
140 1 C Furthermorepost mortemanalysis revealed that the stomach
= 120 was not dilated in any of the animals, whether infused with
£ drugs or not. It is possible that a relaxation in response to CCK
& 100 ; X
S occurs only in fed fish, where other factors, both hormonal and
§ 80 1 neural, are presumably activated. This activation could
< 60 - produce an increased tonus that could be antagonised by CCK.
S Atropine decreases the frequency of spontaneous
g 40 contractionsin vivo, indicating that these contractions are
P 20 1 under cholinergic control. A cholinergic excitatory innervation
of the teleost fish stomach like that of the stomach of most
0 c 10° 108 107 100 vertebrates has long been established (see Fange and Grove,
1979; Nilsson, 1983), although the origin of these fibres may
160 1 D be splanchnic rather than truly vagal in some fish species,
= 140 including the rainbow trout (Campbell, 1975; Holmgren and
£ 120 - Nilsson, 1981). However, few studies in fish have concerned
§ 100 - the identification of the physiological motility patterns that
\2 &0 | * involve these cholinergic neurones. Cholinergic neurones are
S involved in the reflex initiation of rhythmic activity after
S 601 * distension of the stomach wall in both the cod and the rainbow
EL 40 trout (Grove and Holmgren, 1992a,b), and the present study
< 20 ¢ Fig. 7. (A,B) Original tracings showing the effect of increasing
0 concentrations of CCK8 (1®to 10%moll-1) on longitudinal strip
C 10° 10® 107 10° preparations from the cardiac stomach of the rainbow trout
Oncorhynchus mykis§A) Addition of CCK8 abolished the rhythmic
5 140 - * contractions but caused an increase in the resting tension.
‘g E % (B) Preincubation for 20min with the nitric oxide synthase
S 120 A antagonistL.-NAME (10pmol =) did not alter the response to
0\3 100 | CCK8. (C-E) The effect of CCK8 on the total work (C), mean
= amplitude (D) and frequency of contraction (E). Filled columns,
2 80 - control; open columns, aftetNAME (10~4mol I-1) treatment i§=9).
@ A high concentration of CCK8 (1®mol 1) lowers the amplitude of
% 60 1 contractions, but does not affect the mean total work or the
s 40 - frequency of contraction. A low concentration of CCKS8
2 (109moll™Y) causes a small, but significant, increase in the
§ 20 1 frequency of contractions. The response to CCK8 is not affected by
g | | the presence of the nitric oxide synthase antagoAMAME. The
T CcC 109 108 107 10° asterisks denote a significant difference compared with the control

value P=<0.05). Values are meanss#.M. C, control period before

-1
[CCK] (mol I) L-NAME treatment.
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suggests that, in the rainbow trout, these neurones al@s Santos, J. and Jobling, M(1988). Gastric emptying in cod,
stimulate the rhythmic activity during the interdigestive stage. Gadus morhud..: effects of food particle size and dietary energy
In fish that still showed contractions of the stomach after contentJ. Fish Biol 33, 511-516

atropine treatment, it was also observed that atropine treatmefeasor, D. N(1981). The fine structure of the gastric epithelium on
per sedid not impair the inhibitory effect of CCK8. However, the rainbow troutSalmo gairdneti RichardsonJ. Fish Biol 19,

the excitatory effect of higher doses of CCK8 was reduced Qr 611-627.

. . ) ange, R. and Grove, D. J(1979). Digestion. IrFish Physiology
abolished by atropine treatment. This suggests that the(ed_ W. S. Hoar and D. J. Randall), pp. 161-260. London, New

excitatory effect of CCK8, but not the inhibitory effect, may . academic Press.

be mediated at least parthja a cholinergic pathway. Furness, J. B. and Costa, M(1987).The Enteric Nervous System
In conclusion, CCK may be involved in the control of food Edinburgh: Churchill Livingstone.

processing in the gut of the rainbow trout by integrated actionsrove, D. J. and Holmgren, S.(1992a). Intrinsic mechanisms

on stomach motility, gastric emptying and the release of bile controlling cardiac stomach volume of the rainbow trout

from the gallbladder. Results from other fish species also (Oncorhynchus mykisgollowing gastric distensionl. Exp. Biol.

include effects on the pancreatic secretion of digestive 163 33-48.

enzymes and on satiety. In the present study, CCK8 delay&ove. D- J. and Holmgren, S(1992b). Mechanisms controlling

gastric emptying, probablyia an indirect (possibly vago- stomach volume of the Atlantic co&&dus morhup following

_ : : : gastric distension]. Exp. Biol.163 49-63.
\gg?g ar,:?:; (:;cr)lIé]:r:gg:mfﬁg\évsaﬁreTgtelez);?ta;glry r:g;(;; dol]:g;rove, D. J., Loizides, L. and Nott, J.(1978). Satiation amount,
9 partly yfrequency of feeding and gastric emptying rat8atmo gairdneri

cholinergic pathways. J. Fish Biol.12, 507-516.

Grove, D. J., Moctezuma, M. A., Flett, H. J. R., Foott, J. S,,
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